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Pé tai: Nghién ciru va vmg dung chudn truyén thong CANopen cho diéu khién déng co
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dong co
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Noi dung tom tat dé tai:

Pé tai tap trung nghién ctru va tmg dung giao thirc truyén thong CANopen vao hé thong
diéu khién dong co BLDC. Thong qua viéc sir dung vi diéu khién STM32 va thu vién
CANopenNode, nhém di xay dung hé théng truyén nhan dit liéu thoi gian thyc giita cac
thiét bi, dam bao do tin cdy va kha ning mo rong. Pong thoi, dé tai cling phat trién phan

mém giao dién giam sat diéu khién bang Qt Creator giup quan Iy théng sé dé dang.
Muc dich dé tai:

- Ung dung giao thirc truyén thong CANopen dé xay dung hé thong diéu khién dong
co BLDC c6 d6 tin cdy va kha ning truyén thong thoi gian thuec.

- Nang cao tinh 6n dinh, hiéu qua trong diéu khién cac thiét bi trong cong nghiép.

- Tim hiéu va 4p dung thu vién ma nguén mé CANopenNode trén nén tang STM32.

- Tao nén tang cho viéc tich hop hé thong diéu khién theo chudn cong nghiép trong
cac tng dung thuc té.

Két qua dat dugc:

- Xay dung thanh cong hé théng diéu khién dong co BLDC st dung giao thic
CANopen trén vi diéu khién STM32.

- Thiét ké va trién khai duogc giao dién giam sat — diéu khién dong co trén may tinh
bang phan mém QT Creator, giao tiép qua CAN USB Adapter.

- Hé théng truyén thong on dinh, dit liéu duoc truyén nhan chinh xac véi d6 tré théip

va kha nang dong bd cao.



Phu luc 01

DAIHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAI HQC BACH KHOA DPoc lap - Ty do - Hanh phiic
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT Ho tén sinh vién Sb the SV Lop Nganh

1 | Nguyén Lwong Phong | 105200420 | 20TDHCLC2 | K§ thuét Diéu khién va
Tu dong hoa

2 | Huynh Birc Trung 105200433 | 20TDHCLC2 | K§ thuat Diéu khién va
Tu dong hoa

1. Tén dé tai do an:

Nghién civu va trng dung chudn truyén thong CANopen cho diéu khién dong co
2. Dé tai thue dién: [7C6 ky két thoa thudn sé hitu tri tué doi véi két qua thuwec hién
3. Cdc s6 liéu va dir l}'éu bafi dau:

- Datasheet vi diéu khién STM32F446RE

- Tai liéu vé giao thirc CAN va chuan CANopen

- Tai li€u k¥ thuat dong co BLDC

- Thu vién CANopenNode va CANopenNodeSTM32
4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung

Nghién ctru chuan truyén théng CANopen, giao thirc
1 | Nguyan Luong Phong CAN va ing du’ng tro‘ng dle}l kl}len d?ng CO. ,
Phan tich h¢ thong di€u khién tong thé ctia hé thong.
Pé xuit giai phap tng dung chuin CANopen trong
diéu khién dong co BLDC.

Phan chia nhiém vu, phéi hop gifta hai thanh vién dé

2 Huynh D¢ Trung ) . .
hoan thién h¢ thong truyén thong — giam sat — diéu

khién theo chuin cong nghiép.

b. Phan riéng:

TT Ho tén sinh vién No6i dung

Thiét ké va viét chuong trinh giao dién gidm sat diéu
khién dong co bang phan mém QTCreator.

: Tao Object Dictionary va thyc hién 1ap trinh thu — gtri
1 | Nguyén Luong Phong | =~~~ . . L A o .
dir li¢u gitra giao dién nguoi dung trén may tinh va
STM32F446RE st dung thu vién CANopen va két ndi
thong qua USB CAN Adapter.

i



T6i wu giao dién than thién nguoi dung, dé van hanh

va giam sat.

CAu hinh va st dung thu vién CANopenNode cho
STM32F446RE.

T6 chirc truyén nhan dit lieu STM32 va phan mém
2 Huynh Dtc Trung giam sat trén may tinh thong qua USB CAN adapter.
Viét chuong trinh truyén thong trén STM32 st dung
HAL + CANopenNode dé két n6i vé6i giao dién diéu
khién.

5. Cdc ban vé, do thi ( ghi ré cdc logi va kich thuéc ban vé ):

6. Ho tén nguoi hudng dan: Phan/ Néi dung:

- Giam sét tién do thuc hién
T.S Nguyén Khanh Quang - Kiém tra va cho ¥ kién dya trén phan

cong viéc da hoan thanh.

. - Hudng dan kién thuc thyc té.
T.S Nguyéen PBang Khoa R .
- Cung cap tai li¢u tham khao.

7. Ngay giao nhiém vu dé én: 17/2/2025
8. Ngay hoan thanh dé dn:  2/6/2025

Pa Nang, ngay 16 thing 6 nam 2025
Truwéng Bo mon Ty dong hoa Nguwoi hwéng din

TS. Giap Quang Huy T.S Nguyén Khanh Quang

il



Ho tén sinh vién:

DAI HOC BA NANG

TRUONG PAI HOC BACH KHOA

KHOA DIEN
PHIEU KIEM SOAT TIEN PO LAM PO AN TOT NGHIEP

Phu luc 02

CONG HOA XA HOI CHU NGHIA VIET NAM

Ddc 1ap - Tu do - Hanh phuc

(Phiéu danh cho ngudi hudéng dan/sinh vién)

Nguyén Luong Phong

Huynh Buc Trung

S6 thé SV : 105200420

105200433

Tén dé tai DATN: Nghién ctru va ng dung chuan truyén théng CANopen cho diéu khién

dong co

Ho tén nguoi HD: T.S Nguyén Khanh Quang Pon vi: Truong Pai hoc Bach Khoa Pa Nang

e GVHD
Tuin| Ngay Khoi lugng ky tén
da thuc hién (%) tiép tuc thuwe hién (%)
1 17/2/2025 5% 95%
2 | 23/2/2025 10% 90%
3 3/3/2025 15% 85%
Duyét lan 1: Panh gia khdi luong hoan thanh % :
4 10/3/2025 Pugc tiép tuc lam DATN [ Khong tiép tuc thuc hién DATN [
5 17/3/2025 25% 75%
6 | 24/3/2025 35% 65%
7 31/3/2025 50% 50%
Duyét 1an 2: Danh gi4 khoi lugng hoan thanh % :
8 7/4/2025 Pugc tiép tuc lam DATN [ Khong tiép tuc thuc hién DATN [
9 |14/4/2025 65% 35%
10 | 21/4/2025 75% 25%
11 | 28/4/2025 85% 15%
Duyét 1an 3: Danh gi4 khoi lugng hoan thanh % :
12 | 5/5/2025 |puge tiép tuc lam DPATN [ Khéng tiép tuc thuc hién DATN (]
13 | 12/5/2025 90% 10%

v




14 | 19/5/2025 95% 5%
15 | 26/5/2025 98% 2%
16 | 2/6/2025 100% 0%




LOINOI PAU VA CAM ON

Trong subt qua trinh hoc tap tai Truong Pai hoc Bach Khoa — Pai hoc Pa Nang, chiing
em di nhan duoc su giang day tan tinh, sy hudng dan chu déo cung so hd tro nhiét tinh
tir cac giang vién Khoa Dién ciing nhu toan thé can bd giang vién ciia nha trudong. Ching
em xin chan thanh cam on tit ca cac thiy c6 di truyén dat cho chung em nhitng kién
thirc chuyén mon cung nhiing kinh nghiém thyc tién quy bau, gitp chiing em ty tin budc
vao cudc séng.

Dic biét, chung em xin bay t6 long biét on sau siac dén Thay Nguyén Khanh Quang,
Tién si — Giang vién Khoa Dién — Truong Pai hoc Bach khoa — Pai hoc bDa Nﬁng va
Thay Nguyén Ping Khoa, Tién si — Giam déc Cong ty Sybotix Solution, di tin tinh
huéng dan, giai dap nhitng thic mic, dong gbp ¥ kién va tao moi diéu kién thuan loi cho
ching em trong subt qua trinh thyc hién va hoan thanh dd an tbt nghi¢p. Nho sy hd trg
quy bau cua thay, chung em da hoan thanh do an dung tién do dé ra.

Chung em ciing xin guri 101 cam on chan thanh dén gia dinh va ban bé da ludn dong vién,
khich 1& va hd tro chiing em ca vé vat chét 14n tinh than trong sudt qua trinh hoc tap va
thue hién dd 4n tot nghiép nay.

Mic du da c6 ging hoan thanh do an véi tinh than trach nhiém cao nhat, song chic chan
khong tranh khoi cac thiét sot. Chiing em rat mong nhan dugc sy cam thong tir quy Thay
C6 va huy vong s& nhan duoc nhitng ¥ kién dong gép quy bau dé hoan thién hon nita 6
an cua ching em.

Ching em chéan thanh cdm on!
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LOI CAM POAN LIEM CHINH HQC THUAT

Chiing em 1a Nguyén Luong Phong va Huynh Dtrc Trung, xin cam doan réng:

1. D6 an tot nghiép voi dé tai “Nghién ctru va Gng dung chuin truyén thong
CANopen cho diéu khién dong co” 1a két qua nghién ctru va lam viéc chinh cua
chung em dudi sy huéng dan truc tiép cua T.S Nguyén Khanh Quang va T.S
Nguyén Ping Khoa.

2. Toan bd ndi dung trong dd an duoc thuc hién dua trén kién thuc, cong suc va su
hop tac giita hai thanh vién trong nhom. Tét ca tai liéu tham khao, trich dan trong
d6 4an déu dugc ghi rd tén tac gia, ngdy xuat ban va ngudn tai liéu mot cach day
dua va chinh xac.

3. Néu co bat ky hanh vi sao chép, gian lan hoc thuat hoac vi pham quy ché dao tao
nao dugc phat hién trong qua trinh thuc hién va ndp dd an, chung em xin hoan
toan chiu trach nhi¢ém trude nha truong va phap luat.

Sinh vién thuc hién

Nguyén Lwong Phong Huynh Pirc Trung
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1.

MO DPAU

Muc dich thue hién dé tai

Hién nay, trong linh vuc di€u khién tu dong, yéu cau veé vi¢c trao doi dir li€u

nhanh chéng, tin cdy giita cac thiét bi ngdy cang trd nén cép thiét. Chuan truyén thong

CANopen, phat trién tir giao thitc CAN, d3 va dang dugc tng dung rong rii trong cac

hé thdng cong nghiép, dic biét 1a trong diéu khién dong co, nho kha ning dap ung yéu

cau giao tiép toc dg cao va tinh dong bo.

Trude thyc té d6, dé tai “Nghién ciru va ing dung chuén truyén théng CANopen

cho diéu khién dong co” dugc thuc hién nham tim hiéu siu vé nguyén 1y hoat dong, dac

diém ctia CANopen, dong thoi trién khai tng dung thuc té vao bai toan diéu khién dong

co, gbp phan nang cao tinh linh hoat hiéu qua trong cac hé théng diéu khién cong nghiép.

2.

Muc tiéu ciia dé tai

Nghién ctru 1y thuyét giao thitc CAN va chuan truyén thong CANopen.

Thiét ké va xdy dung mé hinh diéu khién dong co st dung giao thirc CANopen.
Pénh gia hiéu qua truyén thong, giam sai s6 va nang cao do tin cay hé thong.
Pham vi va ddi twong nghién ciru

Dé tai tap trung vao nghién ctru, trién khai CANopen cho hé thong diéu khién
dong co BLDC. DPéi tuong nghién ctru 1a cac thiét bi nhung, vi diéu khién va
phan mém hd tro giao thirc CANopen.

Phwong phap nghién ciru

Nghién ctru tai liéu chuyén nganh, thiét ké phan cimg trén STM32, cdu hinh
Object Dictionary bang phan mém chuyén dung. Thyc hién 1ap trinh, mé phong
va kiém thtr hé théng truyén thong. Cudi cung 1a phan tich két qua thuc nghiém
dé danh gia va rat ra két luan.

Két cAu ciia dd an tot nghiép

Chuong 1: Co s 1y thuyét

Chuong 2: Thiét ké hé thong truyén thong

Chuong 3: Phan tich thiét ké hé théng diéu khién FOC

Chuong 4: Luu db thuat toan

Chuong 5: Trién khai phan mém trén STM32

Chuong 6: Xay dung phan mém diéu khién dong co bang QT

Chuong 7: Két qua thuc nghiém va hudng phat trién

XV



Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

CHUONG 1: CO SO LY THUYET

1.1 Téng quan vé mang CAN
1.1.1 Gidi thi¢u vé mang CAN

Controller Area Network (CAN) 1 giao thirc giao tiép ndi tiép hd tro manh cho
nhirng h¢ théng diéu khién thoi gian thyc phan bd véi o 6n dinh, bao mat va dic bigt
chdng nhiéu cuc ky tbt.

Viéc phat trién mang CAN duogc bat dau tir naim 1983 boi “Cong ty Robert Bosch
GmbH”. Sau do, giao thirc dugc chinh thirc cong bd vao nam 1986 tai dai hoi Hiép hoi
Ki su 6 t0 “Society of Automotive Engineers, SAE” ¢ Detroit, Michigan, M§. Nhiing
chip CAN controller dAu tién duoc Intel san xuit vao nam 1987, va sau d6 1a boi Philips.
Xe Mercedes-Benz W140 14 xe dau tién dugc trang bi CAN.

Ngay tir khi méi ra doi, mang CAN di duoc chap nhan va tmg dung mét cach
rong rai trong cac linh vyc cong nghiép, ché tao 6 tO, xe tai. Vi thoi gian, CAN cang
tréd nén thong dung hon vi tinh hi¢u qua, on dinh, don gian va dac biét 1a chi phi ré. N6
dugc sir dung véi véi viée truyén dir lidu 16n, dép ung thoi gian thue va trong cac moi
truong khac nhau. Cudi cung, truyén toc d6 cao rt on dinh. D6 13 1y do tai sao ching
dugc st dung trong nhiéu nganh cong nghiép khic ngoai xe hoi nhu cic may noéng
nghi¢p, tau ngérn, céac dung cu y khoa, may dét.

Diém ndi tréi nhat & chuan CAN 1a tinh 6n dinh va an toan. Nho co ché phat hién
va xir 1y 16i cyc manh, 16i CAN messages hau nhu duoc phat hién. Theo thong ké, x4c
suit dé mot message ctia CAN bj 16i khong duogc phat hién la:

Probability of Non-detected

Faulty CAN Standard Frames:
————————————— — — —
|

Example: 1 bit error each 0.7s,
500kbit/s, 8h/day, 365days/year
Statistical average:

Hinh 1.1 Tinh 6n dinh cia CAN

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang

Huynh Buc Trung 1



Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

Vi du: Cho rang néu gia st ¢t 0.7s thi moi truong tic dong 1én duong truyén CAN
1am 13 1 bit. Va gia sir toc do truyén 1a 500kbit/s. Hoat dong 8h/ngdy va 356 ngay/nim.
Thi trong vong 1000 nim trung binh s& c6 mot frame bi 161 ma khong phat hién.

1.1.2 Mién itng dung ciia CAN

Mang truyén thong CAN di tré thanh tiéu chuin quan trong trong cac hé thong
nhung hién dai, dic biét 14 trong nganh coéng nghiép 6 t6. V6i kha ning truyén thong tin
nhanh, tin cdy va giam thiéu sb luong diy ndi, CAN khong chi dugc dung trong xe hoi
ma con duoc tng dung rong rii trong tu dong hoa cong nghiép, thiét bi y té, diéu khién
robot, va cac hé thong giam st tir xa.

Trong cac dong xe hién dai, thuong ton tai hai mang CAN riéng biét:

- CAN téc d6 cao (High-speed CAN): hoat dong & téc d6 1én dén 1Mbps, phu vuc
cho cac chtrc ning quan trong nhu thdi gian thyc nhu: diéu khién dong co, hop
sb, hé théng phanh ABS,...

- CAN tbc d6 thip (Low-speed CAN): toc do thap hon (125kbps hoidc thap hon),
stt dung cho cac hé thong khong yéu ciu thoi gian thuc nhu: guong chiéu hau,
ctra kinh dién, diéu chinh ghé, diéu hoa khong khi, ...

Outside

A —r

Engine Alr Wheel ABS
Control ( Conditioner
Transmission Seat Suspension
Control Instrument

Position
Panel
Power
Window

Hinh 1.2 Ung dung mang CAN trong diéu khién xe hoi

Nhu hinh 1.2, CANbus két ndi cac bd diéu khién dién tt ECU véi nhau, hinh
thanh mot hé théng mang linh hoat va hiéu qua, noi cac ECU c6 thé giao tiép v6i nhau
ma khong can bo diéu khién trung tim. Diéu nay giup ting do tin cdy, giam chi phi day

dan va dé dang mo rong hé thong.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang

Huynh Buc Trung 2



Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

1.1.3 Céu triic mang va kj thudt truyén din trong mang CAN
1.1.3.1 Ciu triic mang

Mobi ECU trong mang CAN gdm ba thanh phan chinh: Vi diéu khién (MCU),
CAN Controller, va CAN Transceiver.

[ CAN NODE \

MCU

CAN
Controller

A

CAN
Transceiver

\_ J

Hinh 1.3 Cau tao phan cing ctia mot NodeCAN

Duéi day 1a chi tiét chirc ning va cach hoat dong cua ting thanh phan
a.  Vidiéu khién (MCU): Vi diéu khién 13 “bd ndo” cia ECU, chiu trach nhiém xur
Iy dit ligu va diéu khién ludng thong tin. N6 nhan va phan tich dit li¢u tir CAN
Controller sau khi thong tin dugc truyén qua BUS va chuan bj dit lidu dé giri
dén cac ECU khac théng qua CAN Controller.
- Quy trinh hoat dong cia MCU:
Khi nhan dir liéu
Dir liéu tir bus CAN duge CAN Controller giai ma va gui dén vi diéu khién.
MCU sé:
+ Giai mé nodi dung tin nhan (message).
+ Xt 1y va ra quyét dinh dya trén thong tin nhan dwoc (vi du: diéu khién
dong co, bat den...).
Khi truyén dir liéu
+ Vi diéu khién tao ra thong diép (message) va giri thong diép d6 dén CAN
Controller dé truyén di trén BUS.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

b. CAN Controller: CAN Controller 13 giao dién gitta Vi diéu khién va bus CAN.
N6 dam bao viéc truyén nhan dit liéu tuan thu theo giao thirc truyén thong CAN.
- Quy trinh hoat dong ciia CAN Controller:
Khi truyén dir liéu
+ Nhan dif liéu tir vi diéu khién, dinh dang lai thanh mot khung CAN (CAN
frame), gém cac truong nhu ID, DLC, Data Field, CRC, EOF....
+ Theo ddi bus CAN (qua co ché Arbitration) dé dam bao bus dang ranh
(khong bi chiém dung).
+ Truyeén dit liéu ndi tiép trén bus théng qua CAN Transceiver.
Khi nhan dir liéu
+ Lang nghe tin hiéu trén bus CAN.
+ Luu trit cac bit nhan dugc va kiém tra cac truong hop nhu 16i CRC, 13i
khung.
+ Khi nhan du mot khung CAN hoan chinh (duoc danh ddu bang EOF - End
of Frame), thong bao cho vi diéu khién rang c6 dit liéu méi can xir 1y.
c. CAN Transceiver: CAN Transceiver 1a bo chuyén doi tin hiéu gitta CAN
Controller va bus CAN vit 1y. N6 dam bao tin hiéu truyén trén bus phi hop véi
dac tinh cua giao thuc CAN.

- Quy trinh hoat dong cia CAN Transceiver:
Khi nhan dir liéu tir bus
+ CAN bus str dung tin hi¢u vi sai (differential signals) gitra hai ddy CAN_H
va CAN_L.
+ CAN Transceiver chuyén d6i tin hiéu vi sai nay thanh tin hiéu muc logic
(nhi phan) ma CAN Controller ¢é thé hiéu duoc (bit 0 hodc 1).
+ Chuyén tin hiéu nhi phan dén CAN Controller dé xu 1y.
Khi truyén dit lidu tir bus
+ Nhan dit li¢u nhi phan tir CAN Controller.
+ Chuyén d6i dir liéu nhi phan thanh tin hiéu vi sai phu hop véi tiéu chuan
dién ap trén bus CAN.
+ Truyén tin hiéu vi sai nay 1én bus CAN, dam bao twong thich véi cac ECU
khac.
d. Tong quan vé truyén va nhan dir liéu trén ECU
- Khi truyén dit liéu
+ Vi diéu khién: Tao ra thong diép (data) va giri dén CAN Controller.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

+ CAN Controller: Pinh dang thong diép thanh khung CAN va gt dit liéu
nhi phan dén CAN Transceiver.
+ CAN Transceiver: Chuyén ddi dit liéu nhi phan thanh tin hi¢u vi sai trén
bus CAN dé truyén di.
- Khi nhan dir liéu
+ CAN Transceiver: Chuyén tin hi€u vi sai trén bus CAN thanh dir liéu nhi
phan.
+ CAN Controller: Luu trix cac bit nhan dugc, kiém tra 15i, va thong bao khi
nhan ¢ mot khung hoan chinh.
+ Vi diéu khién: Nhan dit liéu tir CAN Controller, xt ly, va thuc hién céc
hanh dong can thiét.
1.1.4 Co ché truyén nhin trén day
CAN st dung hai day dé giao tiép. Cac day duogc goi 1a CAN High va CAN Low.
CAN két ndi voi tat ca cac thanh phan trén mang thong qua hai day nay. Trong CAN

khong hé phan biét Master va Slave nhu mét sd giao thirc khéc.
\\NODE IJ \\NODE ﬂ NODE 3
I 120Q 120Q I

CAN Low

Hinh 1.4 Cac Node trén hé théng CAN

Céac diém dau va cudi cia CAN thuong duge ndi bang bang dién tro 120 Ohm,
dién tré nay dugc goi la Terminator Resistor.

Khong gidng nhu mét sb giao thirc khac trong viée sir dung mirc dién ap trén day
so v6i GND dé quy ddi ra bit logic, CAN sir dung murc chénh léch dién ap giira 2 day
dé quy do6i. Nhirng thay d6i vé murc dién ap nay sau d6 duoc dich sang mirc logic.

Nhu vay, viéc két ndi giita cac node CAN yéu cau phai dam bao dung chuan vé
dién tro va chidu dai dé tin hiéu truyén di on dinh. Sau khi thiét 1ap két ni vat 1y, cac
tin hiéu logic trén dudng truyén CAN sé& thé hién bang su chénh léch dién ap giita hai
day CAN_H va CAN_L.Pé hiéu rd hon vé cach ma hoa tin hiéu logic 0 va 1, ta xét hinh

minh hoa sau:

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

e+ e e+ e e e e e — e — o — e — — e — - SV

CAN LOW B B B Y

— — — — — — — e o— 1 —t o— — — o— —t o— — — o— — — — - OV
Dominant
e [ O
Recessive
1 0 1 0 1 0 1 0 1

Hinh 1.5 Logic 0 va Logic 1 trén CANBus

Thong thuong, gia tri dién ap cao nhat & ddy CAN High 1a 3.5V, dién ap thap nhat
142.5V. O day CAN low dién ap thap nhét 1a 1.5V va cao nhat 14 2.5V:
- Muc logic 0: Khi VCANH — VCANL = 2.5V. Hay muc chénh I¢ch dién &p 2 day
142.5V.
- Muc logic 1: Khi VCANH — VCANL = 0V. Hay khi ca hai day déu co dién ap
2.5V.
D6 chinh 14 1i do tai sao CAN lai ¢6 kha nang khang nhiéu rét t6t. Don gian, khi
c¢6 nhiéu tac dong 1én CANbus diéu khién muc dién ap giita hai day cing thay

dbi, cung ting hoic cung giam nhung mirc chénh léch dién ap gitra 2 day khong

thay d6i nhiéu.

| cany /ﬂ\ | /[W / —H '//1;_;
CANL p—l—

i 0110100111011

Hinh 1.6 Kha ning khang nhiu cua giao tiép CAN

1.1.5 Céu triic birc dién
Trong mang CAN dit liéu giira cac thiét bi dugc trao doi thong quan cac géi tin
duoc goi 13 bre dién (CAN Frame). Mbi birc dién bao gém nhiéu trudng cu thé nhim

dam bao viéc giao tiép duge 6n dinh, ding thtr ty va phat hién 16i mot cach hiéu qua.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

1.1.5.1 Cdc loai khung truyén

Trong giao thirc CAN, dit liéu duoc truyén giira cac thiét bi dudi dang buic dién

(Message Frame). Burc dién chura cac truong cu thé dé dam bao giao tiép hiéu qua, dang

tin cdy va dung thtr ty. Cac loai birc dién (CAN Frames) bao gém:

a. Data Frame

- Chue ning: Giri dir lidu thuc té giira cac thiét bi ECU.

- bic diém:

+ Chira treong dit liéu chinh: Data Field (0 dén 8 byte).
+ (€6 Identifier (ID) dé xac dinh d6 wu tién truyén thong.
- Y nghia: Pay 1a Frame pho bién nhat, dung dé truyén thong tin cam bién, trang
thai, 1énh diéu khién giira cac thiét bi trong mang CAN.
b. Remote Frame
- Chirc nang: Mot node yéu cau mot node khac giri dir lidu.
- bic diém:
+ Khong cé truong Data Field.
+ Bit RTR duogc dat thanh 1.

- Ung dung: Vi dy, thiét bi giam sat mudn yéu cau dir liéu tir cam bién thi né sé

glri mot remote frame, thiét b kia s& phan hoi bang data frame.
c. Error Frame

- Chtic ning: B4o hiéu c6 16i trén bus CAN.

- bic diém:

+ Gtri boi thiét bi phat hién 15i (bat ky thiét bi nao ciing c6 thé giri).
+ Chira cac Error Flags dé canh bao 15i.

- Co ché hoat dong: Mang CAN c6 kha ning tu phat hién va sira 16i, néu mot thiét
bi nhan théy 16i CRC, 15i dinh dang,... n6 s& phat mot Error Frame dé toan bod
mang duoc biét.

d. Overload Frame
- Chue ning: Tam ding giao tiép khi thiét bi cAn thém thoi gian xir 1y.
- Dic diém:
+  Gtri boi thiét bi dang bi qua tai xtr 1y.
+ Chtra Overload Flags (6-12 bit).

- Ung dung: Trong trudng hop thiét bi nhan chua kip xtr 1y dit liéu, nd s& giri

Overload Frame dé tri hodn viéc truyén tiép theo, giup hé thong khong bi nghén.
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

Bang 1.1 Céc loai Frame trong giao tiép CAN

Loai birc dién (Frame)

Chirc nang chinh

Pac diem

Data Frame

Truyén dir liéu thyc té

gifta cac ECU

- Chtra dir li€u trong truong
Data Field (0-8 byte).
- ID xé4c dinh vu tién truyén

thong.

Remote Frame

Yéu cau dix liéu tir mot
ECU khac trén bus

- Khong ¢6 Data Field.
- Bit RTR duoc dat thanh 1
(Remote).

Error Frame

Bao hiéu rang mot 16i xay
ra trén bus CAN

- Puoc giri boi thiét bi phat
hién 16i.

- Bao gdm trudng 15i dic
biét (Error Flags) dé thong

bao.

Overload Frame

Tam ding giao tiép do
thiét bi can thém thoi gian

dé xu ly

- Puoc gui khi thiét bj nhan
cam thay qué tai.

- Bao gdém Overload Flags
(6-12 bit).

1.1.6 Cdu triic chi tiét géi tin trong giao thirc CAN

Goi truyén trén mang CAN bao gom nhiéu truong khac nhau dé dam bao truyén

thong chinh xé4c, phat hién 18i va quan 1y quyén wu tién. Mdi trudng dong vai tro riéng

biét:
Bang 1.2 Céu triic va ¥ nghia cac truong trong Frame CAN
Thanh phin S6 bit Mo ta
| - Bit bat dau cta khung truyén, ludn c6 gia tri 0.
SOF 1 bit A o A P N
- Thong bao rang mot ECU mudn truyén dir liéu.
ID (Identifier):
i - Binh danh cua ECU gui dir licu.
- Quyét dinh muc d6 wu tién (ID cang thap, vu
Arbitration Field hoac o
~ | tién cang cao).
30 bit —
RTR (Remote Transmission Request):
- 1 bit xac dinh loai khung.

Sinh vién thyc hién: Nguyén Luwong Phong

Huynh Buc Trung
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

- 0: Data Frame.
- 1: Remote Frame.

IDE (Identifier Extension):
Control Field 1 bit |- Kiém tra dinh dang géi tin

0: Standard Frame 1: Extended Frame.

0-8 | Chura dit liéu thuc té duoc truyén (vi du: gia tri

Data Field X 2 . 2
byte | cam bién, Iénh di€u khién).
. .| M4 kiém tra 156i dé phat hién di liéu hong trong

CRC Field 15 bit o N

qua trinh truyén.

- Bit xac nhan tir ECU nhan.
ACK Field 2bit |- ACK Slot: ECU nhan dir lidu dat bit nay vé 0

dé bao nhan thanh cong.

. Panh dau két thuc khung truyén, chuan bi cho
EOF 7 bit

bus quay lai trang thai nhan rdi.

1.1.6.1 Gdi tin Standard CAN (chudn 11-bit ID)

Goi tin dang chuan (Standard CAN) 13 dinh dang co ban nhét cta giao thirc CAN,
st dung ma dinh danh dai 11 bit. Pay la lya chon phé bién trong cac h¢ théng cd s6

luong node vira phai nhu mang truyén thong noi bo trong 6 t6.

STANDARD CAN
S L1-BIT R|I E|I
Q) Identifier T|D (r0| DLC | 0...8 Bytes Data ACK | O |F
F R | E F|S
Hinh 1.7 Cau trtc goi tin Standard CAN
Bang 1.3 Ciu tric goi tin ciia Standard CAN
Thanh phin S6 bit Chirc nang
Start of Frame 1 Bao hiéu bat dau mot 201 tin
Identifier 1 Ma dm¥1 danh Athong diép, donig thoi 1a can ctr dé xac
dinh muc vu tién khi tranh quyén
Bit yéu cau dir liéu:
RTR 1 - 0 cho Data Frame
- 1 cho Remote Frame
IDE 1 Xéc dinh kiéu goi tin: “0” biéu thi khung chuin
10 1 Bit duy phong cho kha ndng mo rdng sau nay
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

DLC 4 Chi dinh s byte dit liéu (0 dén 8).
Data Field 0-64 | Dit lidu thuc té (tdi da 8 byte)

CRC 1541 Krlem tra 101 bang ma CRC, gédm chuoi CRC va bit phan
cach

ACK ) P%’lal"l }‘1‘01”tu: cac node nhan: néu nhan thanh cong s€ ghi
de bit “0

EOF 7 | Panh dau két thuc goi tin

IFS >3 Khodng nghi trudc goi tiép theo

Dic diém noi bat ciia Stardand CAN 13 ¢6 mi dinh danh 11 bit dap Gng phan 16n
mg dung cong nghiép thong thudng co thé tao 2048 ID khac nhau. C6 toc d6 xtr i nhanh

hon vi khung dit liéu ngan va phu hop véi mang truyén thong c6 quy mé nho hoic trung

binh.

1.1.6.2 Gdi tin Extended CAN (Mo rong 29-bit ID)

Khi hé théng can phan biét nhiéu loai thong di€p hoac co sb lugng node 16n, goi

tin mo rong s& dugc st dung. Pinh dang nay cho phép str dung 29-bit dé 1am ma dinh

danh, mé rong khong gian dia chi héa 1én dén hon 500 triéu ID.

EXTENDED CAN

S S|I R E |1
o I;:;ﬁlﬁ:r R|D I(}Sr-n]t;ii“lTer T 0...8 Bytes Data ACK| O |F
F R|E R F|S
Hinh 1.8 Cu trtic géi tin Extended CAN
Béng 1.4 Cau tric goi tin Extended CAN
Thanh phin So bit Chiic ning
SOF 1 Bit dau khung dit liéu
11-bit Base ID 11 Phan dau ctia ma dinh danh
Bit thay thé cho RTR trong khung mé rong ludn ludn
SRR 1 12‘1 13 1 EE)
IDE 1 Dat 1a “1” dé bao hiéu day la goi tin mo rong
18-bit Extended ID 18 Phan mé rong gitip hoan chinh ma dinh danh 29 bit
RTR 1 - Olatruyén di licu
- 114 yéu cau dit li¢u
rl, 10 2 Céc bit du phong, gtri 1a 0
DLC 4 M3 héa s6 lugng byte dir lidu giri di
Data Field 0-64 | Tbi da 8 byte dir liéu.
CRC 15+1 | Kiém tra 15i truyén thong
ACK 2 Phan hdi tir cac node nhén dit liéu thanh cong

Sinh vién thyc hién: Nguyén Luwong Phong
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

EOF 7 | Két thuc gdi tin

IFS >3 Khodng nghi gitra hai gbi

Pic diém ndi bat cua Extended CAN 1a ¢6 téng cong 29-bit ma dinh danh nén co
thé tao duge hon 500 triéu ma ID khac nhau. Hitu ich trong cac mang 16n, hé théng phan
16p thong diép phirc tap. Vi mé dinh danh dai hon nén thoi gian truyén ciing 1au hon so
v6i khung chuén.

1.1.6.3 So sanh giira Standard va Extended CAN.

Trong giao thirc CAN, vi¢c lya chon st dung dinh dang khung chuin (Standand
Frame) hay khung mo rong (Extendend Frame) anh huong truc tiép dén kha niang dinh
danh, téc d6 truyén va hiéu qua hé théng. Ca hai loai déu tudn thu quy tic truyén dit liéu
CAN, nhung c6 mdt s6 khac biét quan trong vé ciu trac va tmg dung:

Bang 1.5 Bang so sanh gitta Standard CAN va Extended CAN

Tiéu chi Standard CAN Extended CAN
Do dai ID 11 bit 29 bit
S6 lugng ID kha dung 2.048 Hon 500 triéu
Trudng b 8 sung Khéng Co6 SRR, III)[]% Extended
Thoi gian tranh quyén Ngén hon Dai hon
Tbc dd truyén Nhanh hon Cham hon mot chut
. .. Mang nho hoac phan Hé théng 16n, can phén
Phi hop véi ung nhanh loai ID
Kha ning m¢ rong hé thong Gi61 han Rét cao

1.1.7 Co ché tranh quyén truy cdp bus (Arbitration) trong giao thirc CAN

Trong hé thong truyén thong CAN, tit ca cic node déu co kha niang chu dong
quyén truyén dir liéu bét ctr lic nao khi bus dang ¢ trang thai rdi. Tuy nghién, dé tranh
va cham khi nhiéu node cing ¢ ging truyén dong thoi, CAN ap dung mot co ché tranh
quyén thong minh goi 1 arbitration. Muc tiéu cia arbitration 13 xac dinh node nao s&
gianh quyén truyén dir liéu truée, dam bao tinh toan ven tin hiéu va khong lam mat
thong diép nao trong qua trinh tranh quyén.

1.1.7.1 Co ché hoat dong

M&i khung dit liéu trong CAN déu c6 mdt trudng Identifier (ID) dai 11bit (chuan
CAN 2.0A) hoic 29bit (chuian CAN 2.0B mé rong). Trudng nay khong chi dinh danh
thong diép ma con dai di¢n cho mirc d§ wu tién cua thong diép do. Quy tac wu tién duge

xac dinh nhu sau: ID cang nho, muc dg uu tién cang cao.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

Qua trinh arbitration dugc thuc hi¢n tirng bit mdt, theo co ché so sanh bit murc dién
ap:
- Bit logic “0” dugc goi la dominant (uu tién hon).
- Bit logic “1” dugc goi la recessive (it wu ti€én hon).
- Khi hai node cung giri, néu mot node giri “1” ma trén bus xuat hién “0”,
node d6 hiéu ring minh di thua va ngimg truyén ngay lap tirc.
M&i node vira truyén vira ling nghe bus (tu kiém tra phan hdi). Néu node phat hién
gia tri trén bus khac véi bit minh gui (vi du dang guri “1”” nhung bus 1a “0”), node doé s€

rit lui khoi qua trinh truyén dé tranh xung dot.

1 2 34567 89 1011

Hinh 1.9 M6 ta mot tinh hudng tranh quyén truy cap bus giita ba Node.

Hinh anh dudi ddy mo ta qua trinh tranh quyén truy cap bus (arbitration) giita ba
node trong mang CAN. Mdi node déu c¢6 mot khung dir liéu frame can guri va bat dau
truyén dong thoi sau khi bus tro vé trang thai 16i. Co ché arbitration trong CAN dam bao
rang node c6 thong diép quan trong nhit (c6 ma dinh danh — ID — nho nhat) s& dugc
quyén truyén trudc, con cac node khac s& tam ngung ma khong giy va cham trén bus.

Ba node c6 ID 1a 11bit c6 ID nhu sau:

- Node 1: 11100110011
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang

Huynh Buc Trung 12



Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

- Node2: 11100111111
- Node 3: 11100110001
Ttr trai sang phai, cac bit ID duoc truyén tir bit quan trong nhat (bit 1) dén bit it
quan trong nhét (bit 11). Tai mdi thoi diém,cac node vira truyén vira theo ddi tin hiéu
trén bus. Bit “0” (dominant) s& ghi de bit “1” (recessive) néu ¢ tranh chap tai ctung thoi
diém. Néu mot node gui bit “1” nhung phét hién bus dang & mirc “0”, n6 sé& 1ap tirc ding
truyén — nghia 1a node d6 da thua trong qua trinh arbitration.

1.1.7.2 Phdn tich tirng budéc

Bits6 | Node1l | Node?2 | Node3 | Tin hiéu trén bus Két luin
Theo do1 gif)ng nhau
tat ca ti€p tuc

1-6 111001 | 111001 | 111001

Node 1 va 2 gui 1

7 1 1 0 0 (dominant) nhung bus 1a 0 nén
thua
’ Node 3 thang va
8-11 - - 0001 Node 3 tiép tuc truyén toan bo
khung

Tai bit thtr 7, Node 3 gtri bit dominant (0) trong khi Node 1 va Node 2 gtri bit
recessive (1). Do tin hiéu thuc té trén bus 13 0, ca Node 1 va Node 2 déu phat hién mau
thuan va phai rat khoi qué trinh truyén. Ké tir thoi diém d6, chi con Node 3 tiép tuc
truyén phan con lai ctia khung dit liéu.
1.1.7.3 Nhdn xét

Qua qua trinh arbitration, ¢ thé rut ra cac dic diém sau:
- Co ché tranh quyén dién ra bit-by-bit, bat dau tir bit quan trong nhét cua ID.
- Node c6 ID nho nhét (nhiéu bit 0 hon ¢ phia dau) s& ludn c6 uu tién cao hon.
- Arbitration trong CAN khong lam mat dit liéu, chi hodn truyén ddi véi cac node
¢6 wu tién thap hon.
- Qua trinh nay dién ra hoan toan trong phan ciing, dam bao téc do va do tin cay
cao trong hé thong thoi gian thyc.
1.2 Toéng quan vé chuén truyén théng CANopen
1.2.1 Gidi thi¢u vé chuén truyén théng CANopen
CANopen 1a mot giao thic truyén thong dya trén mang CAN (Controller Area
Network), dugc phét trién dic biét cho cac tng dung trong ty dong hoa cong nghiép, 6
t6, va cac hé thong diéu khién thiét bi. CANopen dugc thiét ké dé str dung trong cac moi

trudng yéu cau tinh 6n dinh cao, kha nang chiu tai 16n va dg tin cay cao.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

Giao thirc nay dugc xay dung dé diéu khién cac thiét bi trong mang CAN, cho

phép cac thiét bi trong hé thdng giao tiép véi nhau mot cach hiéu qua va dong bo.

‘ a simple intro to

- CANopen

Hinh 1.10 Ung dung CANopen trong diéu khién thiét bj cong nghiép

Trong linh vuc truyén thong cong nghiép, c6 nhiéu giao thirc khac nhau dugc sir
dung dé dam bao viée trao doi dir liéu gitra cac thiét bi mét cac nhanh choéng va tin cay.
Tuy nhién, mdi giao thirc déu c6 wu nhuoc diém riéng tiiy theo yéu cau ung dung. Dé
Iira chon giao thirc phit hop cho hé théng diéu khién dong co BLDC, can tién hanh phan
tich va so sanh CANopen v&i mot s6 giao thirc phd bién khac nhu Modbus, Profibus va
EtherCAT.

Bang 1.6 Bang so sanh cac giao thirc truyén thong cong nghiép

Tiéu chi CANopen Modbus RTU Profibus EtherCAT
RS-485 (2 da Etherne
\ = a D) 5e o K .
Tang | Bus CAN (2 day, . N Y RS-485 cai tién (cap doi
o . x chong nhiéu trung . .
vat li chong nhiéu cao) binh) (cap dac biét) xoan hoac
in
cap quang)
M6 hinh )
\ Multi-master, Master-
truyén N Master-Slave Master-Slave ..
N tranh quyén bus Slave to1 uu
thong
Tinh
thoi . Trung binh (10- o Rt tot (us-
. Tot (ms-level) Tot (vai ms)
gian 100ms) level)
thuc
Do tin .
A Cao Trung binh Cao Rat cao
cdy
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

Kha
nang mo , p 32 thiét bi mdi . . Hang nghin
A 127 node li thuyét Hang tram node
rong doan RS-485 node
mang
Bidu khidn d5 May CNC,
, iéu khién don . N
Ung bot di d; 8 Poc cam bién, Day chuyén san robot, tu
co, robot di dong, : ‘ o .
dung 4 8 scada don gian xuat lon dong hoa
e .
Y cao cap

Tir két qua phan tich va ddi chiéu cac giao thirc truyén thong cong nghiép trong

bang trén, ta nhan thiy giao thitc CAN két hop véi chuan CANopen dua lira chon cho

de tai nham dap ung tot yéu cau ve hiéu ndng, tinh moé rong va do tin cay vaoi nhitng wu

diém sau:

Pép tng tot yéu cau thoi gian thyc trong diéu khién dong co: CANopen hoat
dong t6t & murc thoi gian thuc trung binh dén cao (ms-level), phut hop véi cac Gng
dung chuyén dong nhu BLDC sir dung thuat toan FOC.

Do tin cay va tinh 6n dinh cao: V&i co ché kiém tra 16i CRC, xac nhan ACK,
cung vé6i tinh ning wu tién goi tin (theo ID), CANopen mang lai do yéu cau cao
trong moi truong cong nghiép.

Chi phi thap va d& trién khai: Ha tang vat 1y chi can hai ddy CAN_H va CAN L,
khong yéu cau dic biét nhu EtherCAT hay c4u hinh phtre tap nhu Profibus.

Kha ning mé rong tot: CANopen hd tro mé rong 1én dén 127 node 1y thuyét va
cho phép mé rong mang dé& dang nhd cu triic Object Dictionary va cac dich vu
quan ly mang (NMT, PDO, SDO,...)

HO tro chuan hoa va twong thich vai thiét bi cong nghiép: CANopen la giao thirc
chuan hoa theo CiA, duoc s dung rdng rai trong cac hé théng robot, diéu khién
dong co, thiét bi y té va xe tir hanh.

Thich hop voi nén tang vi diéu khién STM32: Nhiéu dong vi diéu khién STM32

da tich hop san module CAN va dugc cong dong hd trg trién khai CANopen théng qua

thu vién ma ngudn md nhu CANopenNode.

Ttr nhirng phan tich trén, viéc st dung giao thirc CAN cung véi chudn CANopen

13 Iwra chon hop 1y, gitp dam bao hiéu qua truyén théng, dap ing yéu cau thoi gian thuc,

mo rong hé théng linh hoat va t6i uu chi phi cho bai toan diéu khién dong co.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

1.2.2 Cdu tric ciia CANopen

Giao thirc CANopen dugc mo ta trong md hinh OSI, chil yéu bao gom 16p ting
dung va 16p giao tiép, trong khi cac 16p lién két dit liéu va 16p vat 1y dugc ké thira tir
giao thirc CAN. Piéu nay giup CANopen tip trung vao quy trinh giao tiép va tmg dung,

con cac 16p co s& dam nhan viéc truyén dan va dam bao tinh 6n dinh mang.

Transmitting Receiving
Device Device
CANopen Communication CANopen

Application Layer

Object(COB)

CAN
Data Link Layer

CAN
Physical Layer

Application Layer

CAN
—>| CAN Frame |--| CAN Frame > Data Link Layer

CAN_L . CAN_L CAN
@ Physical Layer

Hinh 1.11 Céc 16p giao thirc truyén thong CANopen

1.2.2.1 Physical Layer

L6p vat 1y cia CANopen duya trén mang CAN, két ndi cac nat qua bus chung sir
dung cap xoan doi vi sai voi hai tin hiéu CANH va CANL. hoat dong theo nguyén 1y
dién ap vi sai gitp tang kha nang chong nhidu va dam bao truyén dit liéu on dinh ngay
ca trong moi trudng cong nghiép nhiéu nhidu dién tir. Dé dam bao tinh toan ven cua tin
hiéu, mdi dau ciia bus CAN phai duoc gin mot dién tré 120, gitip triét tiéu phan xa tin

hiéu va duy tri tr& khang phu hop trén toan bo dudng truyén.

Node 1 o o o Node 2

CAN_H

120 Q CAN Bus Line 120 Q

CAN_L

Hinh 1.12 Lop vat 1y

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

1.2.2.2 Data Link Layer
Lé6p lién két dir liéu (Data Link Layer) trong CANopen, duoc tiéu chuan hoa theo
ISO 11898, chiu trach nhiém diéu phdi viéc truyén va nhan dir liéu giita cac thiét bi trén
mang CAN, dam bdo dit li¢u dugc truyén mot cach tin cdy va khong bi xung dot. Lop
nay gdm hai thanh phan chinh:
- LLC (Logical Link Control): Pam bao truyén dit liéu an toan, kiém tra va stra 16i
trong qué trinh truyeén.
- MAC (Medium Access Control): Quan 1y truy cip vao mdi trudng truyén thong,
st dung quy tic CSMA/CD dé tranh xung dot khi giri dit lidu.
Nho su két hop ciia LLC va MAC, 16p lién két dir liéu dam bao thong tin dugc
truyén voi do chinh xac cao, giam thiéu t6i da 16i va ting tinh tin cy cua toan bd hé
théng mang CANopen, ngay ca trong méi truong nhiéu hodc nhiéu thiét bi hoat dong

dong thoi.

/]
—‘ SOF | 11-Bit Identifier | RTR | IDE |rO| DLC // CRC | ACK | EOF
I7

Arbitration Field Control Field Data Field

Hinh 1.13 Pinh dang khung chuan CAN

So 0 phan bo ma dinh danh
Hé thong phan bo ID trong CANopen bao gdm hai thanh phan chinh:
- Function code: xac dinh loai d6i twong giao tiép, gitp phan loai cac thong diép
dua trén chirc nang cu thé.
- Module ID: dung dé nhan dién ting thiét bi slave trong mang, va chi tiét cau trac
cua n6 dugc mo ta trong Hinh 1.14.
Heé thdng nay cho phép master két ndi va trao ddi thong tin voi t6i da 127 thiét bi slave,

dam bao kha nang mo rong va linh hoat.

Bit 10 9 1 0

COB Identifier 1 2 3 4 1 2 3 4 5 6 7

Function Code Module ID

Hinh 1.14 So dd phan bd dinh danh mic dinh

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

1.2.2.3 Quy tic CSMA/CD
CSMA/CD (Carrier Sense Multiple Access with Collision Detection) la mot k¥

thuat dugc sir dung trong mang CAN dé kiém soat xung dot trong qua trinh truyén dit
lidu. Mic di CSMA/CD chu yéu lién quan dén CAN bus, n6 van dong vai trd quan trong
trong viéc quan 1y cach céc nit trén mang CAN va CANopen tuong tac véi nhau. Dudi
day 1a mot mo ta chi tiét vé cach CSMA/CD hoat dong trong mang CANopen.
a. Cam nhén tin hiéu
Trude khi mot nat giri dit lidu, n6 s& kiém tra xem bus c6 dang c6 tin hiéu truyén
tir ntt khac hay khong. Néu bus dang ranh r6i, nat s& bat dau guri dir liéu. Néu bus dang
c6 tin hiéu, nat sé doi cho dén khi bus trong roi méi giri.
b. Truy cip nhiéu lin
Trong mang CAN, nhiéu nit ¢ thé chia sé mot bus. Khi c6 nhiéu ntit mudn giri
dir lidu cing lic, mang s& wu tién cac nut co ID thap hon (uu tién cao hon). Piéu nay
gitip xac dinh nut nao c6 quyén gii trude. Néu hai nat cung guri dit liéu dong thoi, nut
¢6 ID thap hon s& thang va gui dit liéu trude.
c. Phat hién xung dot
Néu hai ntit guri dit liéu ciing lac, mot xung dot sé xay ra. Khi do, cac nut s& phat
hién sy khong khop gitra dir liéu da gui va tin hi¢u trén bus. Khi xung dot dugc phat
hién, tat ca cac nut s& ding lai ngay 1ap tic dé tranh gui dit licu sai.
d. Dirng va thir lai
Sau khi xung dot, cac nut s€ khong gtri lai ngay ma sé chd mot khoang thoi gian
ngau nhién. Piéu nay gitp tranh viéc cac nht giri dit lidu cing luc 1an nita, giam thiéu
kha nang xung dot 1ap lai.
e.  Diéu khién 15i
Khi xung d6t xay ra, hé thong s& giri mot Error Frame dé thong bao 15i cho cac
nut khac. Cac nit s& ngimg truyén, xtr 1y 16i va tiép tuc hoat dong binh thuong sau khi
hét 15i.
1.2.2.4 Application Layer
L6p Application Layer 14 16p giao tiép cao nhét cua giao thie CANopen, quan 1y
viéc trao d6i dir liéu va cac chuc nang ung dung giita cac thiét bi trén mang CAN. Lép
nay st dung cac Communication Objects (COBs) va bao gdm cac thanh phan nhu Object
Dictionary, PDO, SDO, NMT va EMCY. Cac thanh phan nay gitp quan 1y dit liéu, tham
s6 hé thong, dong bd hoa thoi gian, thong bao 161 va quan 1y trang thai thiét bi.
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Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

1.2.2.4.1 Object Dictionary

Object Dictionary 1a két nbi chinh cua cac déi tuong trong mot thiét bi. Day 1a
noi tt ca cac doi tuong duoc ciu tric theo dang bang rd rang. Viéc nhom céc d6i tuong
dugc xac dinh bdi cac dac ta cua giao thirec.

M&i dbi tuong trong Object Dictionary dugc dinh dia chi bang mot index 16-bit,
duoc biéu thi duéi dang ) thap luc phan gém bon chit s6.

Bang 1.7 Dia chi index cua mot s6 nhom d6i tuong

Index (hex) Nhém dbi twong
0000h Danh riéng (khong dugc st dung trong CANopen)
0001 h — 009F h Céc kiéu dir liéu tinh va phirc tap
00AO h — OFFF h Danh riéng (khong dugce st dung trong CANopen)
1000 h — 1FFF h Hb so giao tiép (Vi du: DS 301, DS 302)
2000 h — 5FFF h HO so thiét bi danh cho nha san xuat
6000 h — 9FFF h Ho so thiét bi dugc tiéu chuén hod
A000 h — FFFF h Danh riéng (khong dugc st dung trong CANopen)

1.2.2.4.2 Cic dbi tuwgng giao tiép

Céc d6i tugng giao tiép CANopen duoc dinh nghia thong qua cac dich vu va giao
thire, gitip quan 1y va trao d6i dir liéu giita cac thiét bi trong mang. Cac ddi twong nay
duoc phan loai cu thé nhu bang sau:

Bang 1.8 Cac dbi twong giao tiép trong CANopen

Cac doi twong giao tiép
Process Data Objects (PDO)
Service Data Objects (SDO)

Special Function Objects Time Stamp Objects
Synchronization Objects (SYNC) | Emergency Objects (EMCY)

Network Management Objects NMT Message
Node Guarding Object

a. Péi twong SDO
Service Data Objects (SDO) duoc sir dung trong mang CANopen dé truyén di
liéu khong yéu cau thoi gian thyuc, chu yéu phuc vu cho viéc cAu hinh, tham s6 hoa va
truy cap dit liéu hé théng. SDO cho phép doc va ghi cac muc trong Object Dictionary

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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ctia thiét bi, tir d6 ngudi dung c6 thé diéu chinh cac thong s6 van hanh, thiét lap cdu hinh

ban dau hoic thuc hién cac thao tac bao tri.SDO cho phép truy cdp vao cac muc trong
Object Dictionary cua thiét bi. Mot SDO st dung hai khung dir li¢u CAN véi cac dinh

danh khac nhau dé dam bao giao tiép duoc xac nhén.

SDO thiét 1ap mot kénh giao tiép peer-to-peer giita hai thiét bi, trong do thiét bi

so hiru Object Dictionary duoc truy cap dong vai trd 14 server cia SDO. Mot thiét bi co
thé hd trg nhiéu SDO, nhung it nhat mot SDO 1a bit budc va duge ciu hinh mic dinh.

Peer-to-peer Communication

SDO Client Noden-1 [OD

ID1 | Data

ID1 | Data

Node n OD SDO Client | OD

Hinh 1.15 Giao tiép SDO

bic diém dit liéu cua SDO:

Tbc @6 cham hon: Do yéu cau xac nhan giira thiét bi gui va nhan (client/server).
C6 kha nang truyén dit liéu 16n: Dit liéu dugc chia thanh cc goi nho, khong gidi
han ¢ 8 byte nhu PDO.

Truy van truc tiép Object Dictionary: SDO cho phép doc va ghi vao cac muyc
trong Object Dictionary cia CANopen.

Truy cap doc va ghi vao Object Dictionary cua CANopen dugc thyc hién thong

qua SDOs. B chi dinh I¢énh Client/Server Command Specifier chira cac thong tin sau:

Tai xubng/tai 1én

Yéu cau/phan hoi
Truyén phan doan/nhanh
S6 byte dit liéu

Chi bao két thuc

Bit chuyén d6i xen k& cho mdi phan doan tiép theo

Trong mdt mang CANopen, c6 thé sir dung toi da 256 kénh SDO, mdi kénh yéu cau hai
dinh danh CAN.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Byte 0 1...3: Multiplexor 4..7: Data
Command 16-Bit 8-Bit 1...4 Byte
Specifier Index Subindex Parameter Data
V 2 WV
Index| Subindex | Description | Value

Object Dictionary

Hinh 1.16 Truy cap vao Object Dictionary

Vai tro cua SDO:
- Truy cap dit liéu khong thoi gian thue: Cho phép doc/ghi tham sb cdu hinh hodc
gia tri 16n hon 8 byte.
- Thiét lap cAu hinh thiét bi: Dung dé cai dit hodc hiéu chinh thiét bi qua Object
Dictionary.
- HO& tro client/server: Tuong tac truc tiép giita hai thiét bi voi xdc nhan 13 rang.
Ung dung:
- Doc/ghi tham s6 cdu hinh nhu ID thiét bi, diéu chinh tdc d6 truyén CAN, hoic
cap nhat cac gia tri hé théng trong qua trinh khéi tao hodc bao tri thiét bi.
b.  Déi twong PDO
Process Data Object (PDO) truyén dit liéu real-time giita céc thiét bi trong mang
CANopen, nhu trang thai cam bién hodc tin hiéu diéu khién. PDO hoat dong theo mo
hinh producer/consumer, noi dir li¢u dugc truyén tor mot producer dén mot hodc nhiéu

consumer qua broadcast. PDO khéng yéu cau xac nhan, v6i TxPDO cua producer tuong
ung voi RxPDO cua thiét bi nhan.

PDO Consumer PDO Consumer

PDO
ID |Data /l\ v

PDO Producer PDO Consumer

Hinh 1.17 Giao tiép PDO
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C6 hai loai PDO:
- Write PDO dugc anh xa vao mot CAN Data frame duy nhat.

- Read PDO dugc anh xa vao mot CAN Remote Frame, va s€ nhan phan hoi qua

CAN Data Frame tuong trng.
Producer Consumer(s)
Write PDO
Application Indication(s)
pedtess Objects >
0<1<8byte
Read PDO
Indicaton ———>< — — — — — — — — — — — — — — — — —| < Request(s)
CAN Remote Frame
Application Comfirmation(s)
Response Objects S
0<1<8hyte

Hinh 1.18 Write PDO va Read PDO

Pic diém dir liéu caa PDO:
- Payload nhé: Dit liéu ctia mot PDO c6 thé chira ti da 8 byte dir liéu qud trinh.
- Tdc d6 nhanh: Khong can xac nhan, st dung giao tiép broadcast.
- Khéng yéu cau truy van: PDO duoc ciu hinh trude va duoc truyén khi ¢ su kién
hoac theo chu ky.
CAu trac anh xa PDO:
- Kiéu dit liéu va anh xa cua cac d6i tuong tng dung vao PDO duogc dinh nghia
béi cau trac anh xa PDO trong Object Dictionary, dugc mo ta tai:
+ "1600h": Danh cho R_PDO dau tién.
+ "1A00h": Danh cho T_PDO d4u tién.
- Mang CANopen cé thé hd trg téi da 512 T PDO va 512 R_PDO.
Hb so giao tiép CANopen phan biét ba ché d6 kich hoat thong diép:
- Kich hoat theo su kién (Event-driven): Viéc truyén thong di€p dugc kich hoat
boi su kién cu thé cua doi tuong duoc xac dinh trong ho so thiét bi.
- Tham do bang khung yéu cau tir xa (Polling by remote frames): PDO khong
dong bo dugc truyén khi nhan yéu cau tir xa tir thiét bi khac.
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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- Dong bd hoa (Synchronized): Cac PDO ddng bod duoc kich hoat khi hét khoang
thot gian truyén cu thé, duoc déng bo hoa béng viéc nhan d6i tuong SYNC.
Vai tro cua PDO trong mang CANopen:
- Truyén dir liéu real-time: Pam bao viéc trao d6i dir liéu nhanh chong giita céc
thiét bi.
_ Hd trg dong bd hoa: Dong bo dir lidu thong qua SYNC Object dé dam bao tinh
nhat quan.
- Phat dit liéu: Cho phép mét producer truyén dir liéu dén nhiéu consumer khac.
- Lién két Object Dictionary: Lam giao dién giita dir liéu qua trinh va cdc muc
trong Object Dictionary.
Ung dung:
- Piéukhién dong co, doc tin hiéu cam bién, hodc giri tin hiéu bao 16i nhanh chéng.
c. Po6i twong NMT
Network Management Services (NMT) trong CANopen dugc st dung dé quan ly
trang thai cua cac thiét bi trong mang. Cac dich vu NMT cung cép céc co ché dé kiém
soat va diéu phdi cac thiét bi trong mang CANopen, dam bao rang hé thong hoat dong
tron tru va dong bo.
CANopen sir dung mo hinh master/slave dé quan 1y mang, v6i mot thiét bi thuc
hién chirc nang NMT Master va cac thiét bi con lai 1a NMT Slaves.

NMT Master
NMT
100 [ i
NMT Slave NMT Slave NMT Slave NMT Slave

Hinh 1.19 Cau tric mang NMT

Quan Iy mang (NMT) trong CANopen gém ba nhém chirc niang chinh:

- Diéu khién mé dun: Khai tao cac thiét bi NMT Slave tham gia mang.

- Diéu khién 18i: Giam sat trang thai giao tiép cta cac niit va mang.

- Diéu khién cau hinh: Tai 1én/ xubng dir liéu cAu hinh giira thiét bi va mang.
Modi NMT Slave la phén tor cua mot nut, dugc xac dinh duy nhét qua module ID,

chiu trach nhiém cho cac chirc nang NMT cua chinh no.

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Khi cap ngudn, thiét bi NMT Slave vao trang thai Pre-Operational, cho phép ciu
hinh qua SDO nhung chua truyén PDO. Tir day, NMT Master c6 thé chuyén thiét bi
sang trang thai Operational dé cho phép truyén PDO va thuc hién chirc ning tmg dung.
Mot sb dbi tuong trong Object Dictionary c6 thé bi gii han truy cap ¢ trang thai nay.
Khi & trang thai Stopped, ca SDO va PDO déu bi ngit, thiét b khong giao tiép.

Initialization
8
9
1 Pre-Operational
T/ ;
i
/ | 4I|_ 5
Operetional L |
Hinh 1.20 Trang thai NMT Slave
Bang 1.9 Cac 1énh pho bién trong NMT
Lénh NMT Ma Iénh Trang thai sau Mo ta
(Command) khi thuc thi
Start Remote 0x01 Operational Chuyén thiét bi sang trang thai
Node Operational, bt dau truyén PDO.
Stop Remote 0x02 Stopped Durng thiét bi, chi nhan 1énh
Node NMT, khong truyén PDO SDO.
Enter 0x80 Pre-Operational | Pua thiét bi vao trang thai Pre-
Pre-Operational Operational dé cau hinh hoic
chuin bi hoat dong.
Reset 0x82 Initialization Reset giao tiép cua thiét bi, tinh
Communication (Pre-Operational) | toan lai cac dinh danh va giri
thong dié¢p khoi dong.
Reset Node 0x81 Initialization | Reset toan bo thiét bi, tuong
(Pre-Operational) duong voi khoi dong lai.

Sinh vién thyc hién: Nguyén Luwong Phong
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CHUONG 2: THIET KE HE THONG TRUYEN THONG

2.1 So d6 két ndi phan cirng
2.1.1 Gidi thi¢u tong quan

Hé théng diéu khién dong co BLDC sir dung chuén truyén thong CANopen duoc
thiét ké dé dam bao kha ning truyén dir liéu 6n dinh, thoi gian thuc, va kha ning giam
sat, didu khién tir xa. Hé théng bao gdm nhiéu thanh phan phan cémg va phan mém duoc
tich hop va hoat dong dong bo nhim dam bao kha ning didu khién chinh xac va phan
hoi thoi gian thuc, véi muc tiéu chinh 1a diéu khién tc do, dong dién hodc vi tri cua
dong co mdt cach chinh xac thong qua mang CAN.
2.1.2 So dé két néi phin cirng

Hé thdng diéu khién dong co BLDC st dung giao thirc truyén thong CANopen
dugc minh hoa trong Hinh 2.1 dudi day. Céc thanh phan chinh bao gom:

COMPUTER

. N PDO- CANRD CANLOW ~
< ® e
o N ™
STM32 '. Koe® €% M
R T PD1-CANTD . CAN HIGH

~N - aln
X ‘ ( > SN6SHVD230 USB CAN ADAPTER

DONG CO BLDC MOTOR DRIVE NGUON 12V
€O CAM BIEN TOC DO

Hinh 2.1 So d6 hé théng diéu khién dong co BLDC sir dung CANopen
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Bang 2.1 Danh sach cac thanh phan chinh trong hé thong

STT Thanh phén Chirc nang/ Vai tro

o Phan mém ty phat trién bang QT. Giri 1énh diéu
1 May tinh 2 . P
khién hodc truy van dit li¢u tur xa

Chuyén d6i tin hiéu USB tir may tinh sang giao
2 USB-CAN Adapter . N S 2
thirc CAN vat 1y dé giao ti€p voi vi diéu khién

B0 chuyén do6i muc dién ap gitra vi diéu khién va

SN65HVD230 . .
3 CAN T _ mang CAN. Dam bao truyén thong 6n dinh trén
(CAN Transceiver) bus CAN
Dong vai trdo nhu mot Slave Node trong hé
STM32 Nucleo- L N 2 O,
4 CANopen. X 1y Iénh diéu khién, phan hoi dir liéu
F446RE

toc d§/dong co, va diéu khién Motor Driver.

, Nhan tin hiéu diéu khién tir STM32 va cap dong
Motor Driver

5 _ dién phu hop cho cac cudn day cua dong co
(SimpleFOC) . .
BLDC @dé tao mé-men quay.

A o Pong co khong chdi than cé tinh hop cam bién tdc
Dong co BLDC c6 cam R . s s
6 do (Hall Sensor) gitp phan hoéi vi tri va toc do ve

bién
STM32

Cung cap ngudn cho Motor Driver va dong co

7 Nguén DC 12V
BLDC.

2.1.3 Phdn tich phén cieng ciia hé thong

Trong hé théng truyén thong CANopen phuc vu diéu khién dong co BLDC, phan
climg dong vai tro vo ciing quan trong. Céc thanh phan phan ctimg khong chi dam bao
kha ning két ndi va truyén dir liéu mot cach 6n dinh ma con gitp hé théng hoat dong
chinh x4c, an toan theo tho1 gian thyec.

O muyc nay, ching ta s& di sau vao ting thanh phan phan ctng chinh trong hé thong.

Viéc lya chon va cau hinh diing cac phan tir phan cimg 12 tién dé quan trong dé dam bao
qué trinh thiét 1ap va van hanh mang CANopen dién ra thuan loi.
2.1.3.1 Vi diéu khién STM32F446RE

Vi diéu khién STM32F446RE 14 bo xir li trung tdm trong hé théng. Day 1a dong
vi diéu khién hiéu nang cao cua STMMicrolectronics, st dung nhan ARM Cortex-M4
v6i bo xir 1y tin hi¢u sé DSP va don vi tinh toan dau chdm dong FPU, rat phu hop véi

cac ung dung diéu khién dong co.
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Mot trong nhitng 1y do Iira chon STM32F446RE 14 vi né tich hop sin bo diéu khién
CAN, cho phép thiét 1ap giao tiép truyén thong CAN dé dang ma khong can thém chip

diéu khién ngoai.

Hinh 2.2 STM32F446RE

Bang 2.2 Thong sb k¥ thuét ctia STM32F446RE

Théng s6 ky thuat Gia tri
Loai vi xur li ARM Cortex-M4 (tich hgp FPU va DSP)
Téc do xtr Iy Tbi da 180 MHz
Bo nho Flash 512KB
B6 nh¢ SRAM 128KB
S6 chan GPIO Khoang 50 chan c6 thé 1ap trinh
ADC 3 ADC 12-bit, tbi da 16 kénh
Timer 14 Timer
Giao tiép 3xSPI, 3xI2C, 4xUART, 2x CAN, USB OTG FS
Dién 4p hoat dong 3.3V (cip qua USB hoic VIN)
Lap trinh va debug Cong MicroUSB tich hop ST-link/V2-1
Tuong thich Ho trg STM32CubeMX, Arduino
CAN tich hop Co san 2 kénh bxCAN (CANI1 va CAN2)

2.1.3.2 USB CAN Adapter
USB CAN Adapter 1a mot thiét bi ngoai vi duoc sir dung dé chuyén doi giao tiép
giita chuan USB (trén mdy tinh) va chuéan truyén thong CAN, cho phép may tinh co thé
giri va nhan dit liéu qua mang CAN. Thiét bi ndy déng vai trd rat quan trong trong viéc
Sinh vien thye hign: Nguyén Luong Phong __ Huong din: TS. Neuyén Khanh Quang
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giam sat, cdu hinh hodc kiém thir giao tiép CAN thong qua cic phan mém hd trg nhu
CANopenTool, PCAN View,...

Hinh 2.3 USB CAN Adapter
Bang 2.3 Thong sb k¥ thuat cia USB CAN Adapter

Théng sb Gia tri/ M ta
Chuan giao tiép USB 2.0
Giao thirc CAN CAN 2.0A va CAN 2.0B
Téc d6 truyén CAN 5Kbps dén 1Mbps
Két ndi CAN CAN Hva CAN L
Dién 4p hoat dong Lay nguon truc tiép cong USB
Ung dung Giam sat mang CAN, giao tiép STM32 va cau hinh thiét bj
CANopen

2.1.3.3 SN65HVDZ230

SN65HVD230 1a mot CAN transceiver (bo chuyén d6i tin hiéu CAN) dung dé
giao tiép gitra vi diéu khién nhu STM32 va busCAN. Thiét bi nay chuyén d6i mirc tin
hiéu logic TTL (thudng 14 3.3V hodc 5V) sang tin hiéu vi sai phit hop v&i chuin CAN,
déng thot cling thuc hién viéc thu nhan tin hiéu CAN va chuyén vé muc logic cho vi
diéu khién doc. Transceiver nay dugc st dung rong rai trong cic ing dung giao tiép
CAN vi gia thanh ré, dé tich hop va c6 hiéu suat 6n dinh.

Hinh 2.4 SN65HVD230

Bang 2.4 Thong sb k§y thuat caa SN65SHVD230

Théng sb Gia tri/ M ta
Dién ap hoat dong 3.3V
Giao thirc hd trg CAN 2.0A va CAN 2.0B
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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Téc d6 truyén dir lidu Téi da la 1Mbps
Dong tiéu thu <10 mA
Ung dung Giao tiép STM32 v6i CANbus

2.1.3.4 Driver MKS SimpleFOC Shield V2.0.4

SimpleFOC Shield 14 mot bo mach mé rong duge thiét ké diéu khién dong co
BLDC (Brushless DC) hodc gimbal bang phwong phap Field-Oriented Control (FOC).
Bo mach nay dugc phat trién v4i muc tiéu don gian hoa viéc diéu khién dong co mot

cach hi¢u qua, linh hoat va dé sir dung.

project

Simple FOC
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Hinh 2.5 MKS SimpleFOC Shield V2.0.4
Béng 2.5 Thong sb k¥ thuat ciia Motor Driver FOC

Théng s6 Mo ta
Dién ap dau vao 12V —35VDC
Dong dién t6i da 5A
Cong suit t6i da 120W
Chip diéu khién dong co L6234
Cam bién dong INA240
Tuong thich véi bo mach | Arduino UNO, STM32 Nucleo
Giao tiép ho tro SPI, 12C, Analog

Két ndi phan cting:
- K&ét noi phan cirng véi STM32
+ Shield st dung chuan chin Arduino Uno R3, ¢6 thé cdm truc tiép lén cac
bo vi diéu khién STM32 Nucleo-64.
+ Tuong thich v6i hau hét cac chan giao tiép nhu PWM, SPI, UART.
- Két ndi phén cing véi dong co
+ Shield cung cép ba cong két ndi dau ra (U, V, W) dé cap dong dién diéu
khién cho céc pha ctia dong co BLDC.
- Két noi phan cirng v6i cam bién
Sinh vién thyc hién: Nguyén Luong Phong Huéng dan: TS. Nguyén Khénh Quang
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+ Hb tro cac cam bién nhu encoder quay, cam bién Hall hodc cam bién tir
dé do luong vi tri va tdc d6 cua rotor.
+ Cong giao tiép ctia cam bién thudng dung giao thirc SPI hodc 12C.
- Két ndi phan citng véi ngudn cap
+ Shield yéu cau mot ngudn cap riéng 12V dén 24V dé cung cip dién ap cho
dong co va driver.
K#ét néi chan cim
+ PWMI1, PWM2, PWM3: Tin hiéu PWM dé diéu khién cac pha U, V, W
cua dong co.
+ SENI, SEN2, SEN3: Chan cam bién dong dé do dong dién qua céc pha.
+ SPI/I2C/UART: Giao tiép vdi vi diéu khién hodc cam bién vi tri.
+ GND va VIN: Ngudn cip cho driver va dong co.
2.1.3.5 Cim bién vi tri AS5147U
AS5047U 1a mot cam bién tir Hall sir dung cong nghé CMOS. Cac cam bién Hall
ndy chuyén déi thanh phan tir truong vudng goc voi bé mit chip thanh tin higu dién 4p.

Tin hiéu tir cdc cam bién Hall dugc khuéch dai va loc bai khi xir 1y tin hiéu tuong
tu phia trudc (AFE - Analog Front-End), trudc khi dugc chuyén doi boi bo chuyén doi
tuong tu—sd (ADC).

Dir liéu dau ra cia ADC duoc xir Iy boi khdi CORDIC (Coordinate Rotation
Digital Computer) phan ctng dé tinh toan goc va bién do vector tir. Bién d9 tir truong
nay duogc st dung boi khéi didu khién tir dong hé sé khuéch dai (AGC) dé diéu chinh
murc d6 khuéch dai, nham bu lai cac bién ddi do nhiét do va bién thién tir trudng.

AS5047U lién tuc tao ra thong tin goc, thong tin nay ¢ thé duge truy xuat thong
qua cac giao dién khac nhau cua thiét bi. Do phan gidi ndi bd 14-bit co thé doc dugc
thong qua thanh ghi qua giao tiép SPI. Ngoai ra, d6 phan giai tai dau ra ABI c6 thé duoc
1ap trinh tir 10 dén 14 bit.

Khéi Bu sai s6 goc dong (Dynamic Angle Error Compensation) s& hiéu chinh goc
dugc tinh toan dé bu lai do tré bang thuat toan dy doan tuyén tinh. O téc d6 quay khong
ddi, thoi gian tré s& dugc AS5047U bu trir noi bg, gitip giam sai ) gbc dong trén cac
dau ra SPI, ABI va UVW.

Mot b loc thich tmg (adaptive filter) dugc tich hop sau khéi bu tré dé giam nhiéu
chuyén tiép tai toc d6 quay thap. Thong tin 6n dinh sau loc s& c6 sén tai cic dau ra SPI,
ABIva UVW.
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AS5047U cho phép lua chon giita dau ra UVW hoic giao dién ma hoa xung PWM
tai chan W.

Cac thiét 1ap khong thay ddi sau khi cp ngudn (non-volatile settings) c6 thé duoc
1ap trinh qua giao tiép SPI, khong can b lap trinh chuyén dung.

AS5047U ho tro cac tng dung tdc d6 cao 1én téi 28.000 vong/phit (28krpm).

. WES147-T5_EX_pal| .
Hinh 2.6 Magnetic Encoder Development Board

2.1.3.6 Dong co gimbal BLDC

Pong co sir dung trong dé tai 1a loai dong co khong choi than ba pha (BLDC)
chuyén dung cho hé théng 6n dinh gimbal, c6 tén goi THREE PHASE BRUSHLESS
GIMBAL STA BLDC Motor, v6i cac dic diém noi bat phi hop cho diéu khién chinh
xac theo phuong phap FOC.

Hinh 2.7 Bong co BLDC
Bang 2.7 Bang thong s6 ki thuat ctia dong co BLDC

Théng s6 Gia tri
bién &p dinh mirc 7.4V
Téc d6 khong tai 2500 rpm
Dong khong tai 120 mA
Téc d6 dinh mirc 1934 rpm
Mé-men xodn dinh muc 7.47 mN-m
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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Dong dinh muirc 0.410 A
Cong suat dinh mirc 151 W
Mo-men xodn khi dimg yén 33.0 mN-m
Dong khi dung yén 1.4 A
Cong suat dau ra tdi da (Iy thuyét) 22 W
Hiéu suét tbi da 49.9 %

Béang 2.8 Bang dac tinh co dién ctia dong co BLDC

Théng sb Gia tri
Dién tré pha-pha 529 Q
Cam khang pha-pha 1.69 mH
Hang s6 mo-men xoan 25.78 mN-m/A
Hang s6 van toc 370 rpm/V
Do dbe toc d6/md-men 75.9 rpm/mN-m
Hing s6 thoi gian co hoc 26.24 ms
Quan tinh rotor 33.0 g-cm?
2.1.3.6.a.1 Nguyén li hoat dong

Pong co BLDC gimbal 14 loai dong co dién diéu khién theo tin hiéu xoay chiéu
ba pha, khong st dung chdi than ma dung cam bién tir tinh (trong dé tai sir dung
AS5147U) dé xéac dinh vi tri rotor. Trong qua trinh van hanh:

- Rotor gin nam cham vinh ciru quay quanh truc.
- Stator chira cac cudn day ba pha duoc diéu khién bang song dién ap sin.
- Viéc thay doi pha dong dién duoc diéu chinh theo vi tri rotor (do tir encoder)
nham tao luc dién tur quay lién tuc.
2.1.3.6.a.2 Uu diém ciia dpng co gimbal BLDC

D6 muot va chinh xac cao: nhd vao mo-men quay nho, do rung thap — phii hop
v6i cédc tng dung nhu gimbal camera, tay may robot, v.v.

Hiéu suit cao: do khong c6 ma sat chdi than.

Thich hop véi diéu khién FOC: kha nang phan tng nhanh véi thuat toan diéu
khién véc-to.

Kich thudc nho gon, dé tich hop trong cac hé théng nhing va co dién ti.
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2.2 So d0 khdi nguyén li hoat dong
2.2.1 Gidi thigu tong quan

Hé thong diéu khién dong co BLDC sir dung phuong phap diéu khién hudng tir
thong FOC két hop truyén thong CANopen cho phép diéu khién va giam sat dong co tir
xa mot cac hiéu qua va chinh xac. Hé théng bao gém cac thanh phan chinh nhu vi diéu
khién STM32, driver diéu khién dong co, cam bién dong va cam bién rotor, tat ca duoc
ddng bo thong qua thuit toan FOC. Ngoai ra, giao tiép CANopen gitp két ndi hé théng
v6i may tinh trung tim dé giri 1énh va nhan dit liéu phan hoi theo thoi gian thuyec.
2.2.2 So dé khoi nguyén li hoat dong

Nguyén li hoat dong ctia hé thdng duoc minh hoa trong Hinh 2.8 dudi ddy. So dd
nay thé hién cach cac khdi chirc nang chinh phdi hop v6i nhau trong qua trinh diéu khién

va giam sat dong co.

¢ ¢ emmmm ¢ ¢ emmms ¢ ¢ emmm o ¢ emmm o o emm o ¢ emmm e o emmm e o

. USB-CAN Adapter PC GUI (CANopen)
I USB

4

CAN_H/CAN_L

I I POWER SUPPLY 7.4V-

CAN Transceiver C ANop en : 12v

A

CAN (Rx/Tx)

I ™ Nucleo F446R6 > MKS SIMPLE FOC > BLDC MOTOR

A

PHASE CURRENTS POSITION

I INA240 + Shunt Resistor
ADC |

I A,

AS5147U |

SPI

FOC-Based Motor Control System |
............................. l

Hinh 2.8 So d6 khdi nguyén 1y hoat dong cua hé thong

2.2.3 M@ td chi tiét nguyén li hoat dong

H¢ thong bao gdm céc khoi chirc nang chinh nhu sau:
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- PC GUI (CANopen): Bong vai tro 13 trung tam diéu khién tir xa, giri 1énh va nhan
dir liéu phan héi tir hé théng dong co qua mang CANopen.

- USB-CAN Adapter va CAN Transceiver: Két ndi giao tiép gitra may tinh va vi
diéu khién STM32. Bo chuyén doi ndy gitp truyén tai dir liéu qua lai giira
CAN_H va CAN L va STM32.

- STM32 Nucleo F446RE: La bd vi diéu khién trung tam chiu trach nhiém nhéan
1énh tir CANopen, xir 1i thuét toan FOC va diéu khién déng co BLDC. Ngoai ra,
n6 cling xur 1i dir liéu phan hoi tir cam bién dong va cam bién vi tri dé hiéu chinh
diéu khién theo thoi gian thyc.

- MKS SimpleFOC: Pam nhén viéc tao tin hiéu diéu khién PWM dé cap cho dong
co BLDC dua trén cac thong sé cia STM32 va dit liéu cam bién.

- BLDC Motor: Pong co khong chdi than 3 pha nhan tin hi¢u diéu khién tir MKS
SimpleFOC va quay theo 1énh yéu cau. Pong co duoc tich hop cam bién vi tri
(AS5147U) d do goc rotor.

- AS5147U (Cam bién vj tri): Cam bién nay cung cap thong tin vi tri chinh x4c cta
rotor vé STM32 qua giao tiép SPI, gitip thuat toan FOC xac dinh dugc goc quay
rotor theo thoi gian thuc.

- INA240 + Shunt Resistor (Cam bién dong): Po dong dién chay qua cac pha dong
co va guri dir liéu vé STM32 dé phuc vu qua trinh diéu khién va bao vé hé thong.

- Ngudn cép (7.4V-12V): Cung cap ngudn dién chinh cho toan bo hé thdng, dam
bao dong co va cac thanh ph?m hoat dong 6n dinh.

Ngudn tin hiéu hoat dong ciia hé thong:

Khi ngudi dung guri 1énh diéu khién dong co tir may tinh, 1énh duoc truyén qua
mang CANopen téi STM32. Vi diéu khién xir Iy 1énh va thue hién didu khién thong qua
driver MKS Simple FOC dé xuit tin hiéu PWM diéu khién dong co BLDC. Trong qua
trinh van hanh, dit liéu vé dong dién (tir INA240) va vi tri rotor (tir AS5147U) lién tuc
dugc giri vé STM32. Vi diéu khién str dung cac dir lidu ndy dé tinh toan va diéu chinh
thuat toan FOC nham dam bao dong co van hanh chinh x4c va hiéu qua nhat. Thong tin

trang thai sé duoc phan hoi lai tir may tinh qua CANopen dé ngudi ding giam sat.
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CHUONG 3: PHAN TiCH THIET KE HE THONG PIEU KHIEN
FOC

3.1 Giéi thiéu tong thé vong diéu khién

Hé thong diéu khién dong co BLDC trong dé tai sir dung phuwong phap FOC véi
cAu truc ba vong léng nhau: vi tri, tbc do va dong dién. Muyc tiéu la diéu khién muot,
chinh x4c va 6n dinh mé-men dong co, pht hop véi cac tmg dung doi hoi d6 chinh xéac

cao nhu camera gimbal, robot dinh vi hodc thiét bi quang hoc.

o PID vi Tée do PID tbc PID dong
Vi tri dit —>€“>-> wi it —>€‘i}> do —» Iq ref dién —> dq CDu;y
cles
Y » SPWM
Vi tri Tbe do — -
thue thue Id_ref=0 Ot Plgig;’ng-a abe
A -
— [ S
[Vabc
Id abc Ia
Iq Ib
dq
.
Mech to BLDC
Elect MOTOR
F 3
dide < Position

SENSOR

Hinh 3.1 So d6 mach vong diéu khién
- Vong vi tri: Pua rotor dén vi tri dit trudc O > dau ra 1a toc d6 tham chiéu @,
dung PID vi tri.
- Vong tbc d6: Pam bao tdc do rotor dat yéu ciu @y 5 dau ra 1a dong [, tham
chiéu, dung PID tdc do.
- Vong dong dién: Diéu khién mo-men qua dong I , va khu trr du bang dong 7 e
dau ra la dién ap U .» Us (PWM), dung PID dong dién.
3.2 Piéu khién dong dién
Diéu khién dong dién 13 budc nén tang trong FOC, véi muc tiéu diéu khién chinh
xac moé-men dong co. Dong dién stator dugc tach ra lam hai thanh phén:
- I, (d-axis): diéu khién tir thong (thuong dat bang 0 véi BLDC khong can
kich thich tir truong phu).
Sinh vién thuc hién: Nguyén Luong Phong Hudng dan: TS. Nguyén Khanh Quang
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1, (g-axis): di€u khién m6-men.

Quy trinh diéu khién dong gdm céc budc:

l.

6.

bo dong pha:
Hai trong ba dong pha (/, va 1) dugc do tryc tiép qua dién tré shunt.

Pha con lai dugc suy ra: [. =-(1,+ 1)

Bién dbi Clarke: Chuyén dong tir hé 3 pha sang hé toa do a-p (tinh).

L
17 “
{ “}: 2 I 3.1
Iﬂ 0 £ __\/g )i

) o L

. Bién d6i Park: Dung goc rotor 6 dé chuyén tir hé - sang d-q (gan theo

rotor).
1,=1_cos(8)+1,sin(0
1,=-1,sin(0)+ 1, cos(0)
Bo diéu khién PID dong: Tinh sai s gitra dong dat va dong do. Tir d6 tinh
Ud, Uq 1am dau ra diéu khién.

€ =Id,ref -1, (3.3)
€ :]q,wf _Iq
Bién dbi Park nguoc + diéu ché PWM:
Chuyén U,, U , trolai Uo, UB, r0i U 5 (ba pha).
Ap dung k¥ thuat diéu ché PWM dé tao xung diéu khién cho ba pha dong
co.
Diéu ché sin PWM (Sine PWM)

3.3 Bién d6i Clark va Park
3.3.1 Phép bién doi Clark

Dong dién ba pha cia dong co BLDC dugc chuyén do6i thong qua phép bién d6i

Clarke thanh hai dong dién truc giao (io, if). Phép bién doi Clarke c6 thé dugc biéu dién

qua phuong trinh (3.4).

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang

Huynh Dic Trung 36



Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

120°|

>

/v 1200

," C

Hinh 3.2 Phép bién do6i Clarke

Phuong trinh chuyén d6i Clarke:

I
i, 211 2 2 ¢
- i 3.4
uﬂﬁ_ﬁ;’ oy
2 2 |-

Trong do, ia va if 1a cac dong dién trong h¢ toa dd tinh truc giao, con ia, ib, ic la
cac dong dién cua hé ba pha. Cac dong dién vira duoc chuyén d6i nay dugc biéu dién
nhu dong dién tao mo-men xoan va dong dién sinh tir thong twong tmg. Mic du dong
dién pha da duoc chuyén doi thanh cac thanh phan cua tir théng va mo-men xoan, nhung
céc thanh phan nay van ¢ dang hinh sin, khién viéc diéu khién tr& nén kho khan do
chung thay doi lién tuc.

3.3.2 Phép bién déi Park

Vi phép bién ddi Park, hai dong dién xoay chiéu (ia, i) s& duoc chuyén thanh
dong dién mot chiéu (iq, id).

Phép bién ddi Park thay ddi hé quy chiéu tinh tir goc nhin cia stato sang hé quy
chiéu quay tir goc nhin cua rotor, thong qua phwong trinh

B

L ——
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Hinh 3.3 Phép bién d6i Park

Phuong trinh chuyén doi Park:
l:d _ cohs(t9) sin(0) l:a (3.5)
I, —sin(f) cos(0) || iy

Nhan déu vao 1a toc do dit ,,, .

3.4 Diéu khién tdc dd

Téc d6 thuc té @ duoc tinh tir chénh 1éch goc qua cam bién AS5147U:

6. -6
— now prev 3.6
@=— (3.6)
St dung PID dé tinh dong Iq_ref:
1,,, =PID(w,, — o) (3.7)

1, _ref dugc dua vao vong di€u khién dong dién.

Luuy: 7, ref vin co thé dit bang 0 dé t6i wu mo-men.
3.5 PDiéu khién vi tri
Pau vao la goc vi tri dat 0. -
Cam bién AS5147U cung cap 0 thuc té.
Sai s vi tri:
e, =06, —0 (3.8)
Str dung PID dé tinh tc do tham chiéu:
®,, = PID(e,) (3.9
Téc do w,,, sau do dua vao vong diéu khién toc do.
3.6 Diéu ché sin PWM
Diéu ché sin PWM la mét ky thuat diéu ché tin hiéu dugc st dung dé tao cac tin
hiéu dién ap ba pha c6 dang séng hinh sin tir tin hiéu dién 4p mot chiéu DC. K¥ thuat
nay giap dong co hoat dong €m ai, gidm nhiéu dién tir va ton that nang luong, dac biét
phu hop véi cac dong co BLDC str dung trong hé théng gimbal can do chinh xac va
muot ma cao.
Trong sin PWM, céc tin hiéu PWM diéu khién timg pha duoc tao ra bang cach

so sanh séng hinh sin (dang dién ap tham chiéu theo Id, Iq) v6i séng tam giac (song
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mang). Két qua 1a d6 rong xung cua tin hiéu PWM thay d6i theo bién d6 song sin, tir d6
tao ra dién &p tuong ung trén tirng pha.

Sau khi ¢6 diénap U, ,U,,:

1. Park nguogc:
U,=U,cos(0)-U, sin(0
a d ' ( ) q ( ) (310)
U, =U,sin(@)-U, cos(0)
2. Chuyén vé ba pha:
U =U

a a

B

U, =~0.5U, +>-U, (3.11)

U, =-0.5U, —?Uﬁ

3. Chuan hoa dién ap pha: Céac gia tri di¢n ap Ua, Ub, Uc duoc chuan hoa vé
dai 0-1 (hodc -1 dén 1) tiry theo mirc dién ap DC cua hé thong.

4. Tao song sin PWM: Gia tri dién ap pha sau khi chuan hoa duogc anh xa
sang do rong xung PWM su dung chtrc nang PWM mode 2 cta TIM1 ¢
ché do Center-Aligned Mode 1.

5. Tao xung PWM ba pha: Cac xung PWM tuong Ung véi tung pha (U, V,
W) s& duoc xuit ra cic chan diéu khién cong MOSFET cuia mach cau ba
pha trong driver (SimpleFOC Shield), tir d6 tao ra dong dién ba pha tuong

ung cho dong co.
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CHUONG 4: LUU PO THUAT TOAN

4.1 Gidi thiéu
Chuong nay trinh bay chi tiét quy trinh diéu khién dong co BDLC bang thuit
toan FOC thong qua giao thic truyén thong CANopen. Mdi khdi chirc ning trong luu
d6 thé hién mot giai doan cu thé tir khai tao hé théng dén diéu khién vong dong, vong
tdc d6 va vong vi tri. Hé thong gdm mot thiét bi diéu khién chinh (Master) giao tiép véi
mot nut diéu khién dong co (Slave) thong qua CANopen dé truyén gia tri dit (Setpoint)
va nhan phan hi tir dong co.
4.2 Luwu d6 thuit toan
Luu d6 thudt toan mo ta quy trinh truyén thong gitta thiét bi diéu khién trung tim
va bo diéu khién dong co, tap trung va cac hoat dong lién quan dén:
Khoi tao hé théng CANopen
Thiét lap cau hinh PDO
Truyén nhan dir liéu diéu khién va phan hoi dong co
Moi quan hé giita truyén thong va thuat toan diéu khién
4.2.1 Luwu do téng quan hé théng diéu khién
Luu d6 nay mo ta qua trinh khoi tao hé théng va vong lap chinh xu 1y giao tiép
CANopen va diéu khién dong co. Luu dd duoc chia thanh 3 nhanh chinh, mé ta trinh tu
xtr 1y tir Iic khoi dong hé thong cho dén khi thuc hién cac vong diéu khién. Dudi day 1a
mo ta theo thur tu lu?)ng dtr liu:
Nhanh trai — Khéi tao hé thong
START
_ Bit dau chuong trinh.
Khoi tao hé thong
- Cau hinh céc thanh phan nhu:
- Giao tiép CAN
- ADC dé doc dong
- Timer dé tao ngit dinh ky
- PWM dé diéu khién dong co
Khéi tao stack CANopen:
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- Goi cac ham nhu CO init (), cdu hinh Object Dictionary va khdi tao
CANopenNode
- Day la budc dé thiét bi co thé tham gia vao mang CANopen véi vai tro Slave
Vong ldp while
Xu Iy CANopen
- Trong mdi vong lip
- Nhan di li¢u tr RPDO
- Gui TPDO
Nhanh giira — X li khi da vao trang thai NMT Operational
Kiém tra trang thai NMT:
- Kiém tra thiét bi dd dugc master dua vao trang thai Operational .
- Néu chua, bo qua phan diéu khién.
Néu NMT = Operational, tiép tuc:
Poc dir liéu RPDO tir Master:
- Cac dir liéu nhu:
- rx_theta: vi tri tham chiéu
- rx_speed: téc d6 tham chiéu
- rx_mode: ché d6 diéu khién (0: position, 1: speed)
Céap nhat gia tri tham chiéu:

Géan rx_theta vao theta ref

- Ganrx_speed vao velocity ref
Céap nhat Object Dictionary vai dir liéu feedback:
- Luu céac gia tri thuc té nhu:
- 1,, 1,:dong thyc té
- theta now: vi tri hi¢n tai
- speed_now: toc do hién tai
Gui TPDO:
- Truyén dit liéu phan hoi vé Master (PC)
Nhanh phai — Xir Iy vong diéu khién
Kiém tra Flag_current_loop == 1?
Néu YES: Tién hanh diéu khién
Cap nhat hé s6 PID

Sinh vién thyc hién: Nguyén Luwong Phong Huéng dan: TS. Nguyén Khanh Quang
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Goi vong diéu khién dong (Current_Loop()):
- Tinh toan va ép dung thuat toan FOC dé diéu khién dong /1, va I, .
Goi vong diéu khién toc d6 (Speed Loop()):
_ Tinh sai s giita van tdc thuc va tham chiéu — tinh / ,_ref.
Kiém tra rx_mode == 0?:
- Néu dang & ché @6 diéu khién vj tri:
- Goi Position Loop() dé tinh velocity ref.
Lap lai vong while(1):

- Quay lai vong chinh dé tiép tuc lap.

START

NO

Kiém tra trang thai NMT Flag_current_loop == 1?

Operational?

Khéi tao hé théng
(CANopen, ADC, Timer, . 2
PWM...) Poc dit liéu RPDO tir Master Cép nht hé so PID
L (rx_theta, rx_speed, rx_mode L
- v Vong diéu khién dong
Khoi tgo stack CANopen Cap nhat gia tri tham chiéu Current_Loop()
(theta_ref hodc velocity ref) L
Vong diéu khién téc do
Cap nhat Object Dictionary véi Speed Loo
Vong lip while(1) P ! & peed Loop)

dir liéu feedback
(iq, id, theta now, PID)

Rx_mode==07?
Xuly CANopen Gui TPDO
canopen_app_process()

Vong diéu khién vi tri
Position_Loop()

Lap lai vong
while (1)

Hinh 4.1 Luu d6 thuat toan diéu khién chinh hé thong

4.2.2 Vong diéu khién dong
Muc tiéu ctia vong diéu khién dong 1a diéu khién dong 7, va I . dé dat gia tri
tham chiéu bang diéu khién PWM.
Ludng xir 1y tir trai sang phai:
START
Tinh dt (Update dt)
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- Tinh thoi gian trdi qua giira 2 1an ngit, dung dé:
- Tinh téc d6 thay d6i dong
- Piéu chinh dao ham trong bo PID
- DPam béo diéu khién 6n dinh véi cac bién thién thoi gian.
Tinh goc dién (electrical Angle)
- Dua vao tin hiéu hall sensor
~ Tinh toan goc rotor theo don vi dién (s cuc).
Bién dbi Clark (abc — ap)
- Chuyén doi dong 3 pha 1a, ib, ic sang h¢ toa do of
Bién doi Park (af — dq)
- Dua trén géc dién, chuyén hé toa do aof vé dq
Tinh sai s6 dong 7, va 1,
- So sanh giita gia tri tham chiéu va do thuc té
- Pay la dau vao cho bo diéu khién PID.
PID dong tinh V, va V,
- Dung bo diéu khién PID
- Piéu khién dé giit 7, 60va I , theo mo-men mong muén.
- Pauraladiénap V, va v,
Bién d6i Park nguogc (dq — ap)
- Bién d6i nguoc dé dua dién ap vé hé of
Tinhdiénéap V, V, V.
- Bién doi nguoc Clark (ap — abc) dé ra dién ap ting pha.
- Két quala 3 dién ap dau vao cho inverter.
Céap nhat PWM (setPWM)
- Tinh toan d6 rong xung can thiét dé tao ra dién ap V.V, V.
- Gui 1énh cap nhat Duty Cycle cho PWM timer.
Khéi dong ADC DMA.
_ Kich hoat lai DMA dé doc dong cho chu ky tiép theo.
Két thic vong dong
- Két thuc ham xtr Iy ngit.
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START(ngét Timer) v

PID dong tinh Vd,Vq

A

Tinh dt(Update dt)

Bién dbi ngugc(dq—ap)

A

Tinh géc dién
(electricalAngle)

Tinh dién ap Va, Vb, Vc

A

Bién dbi Clark (abc—ap)

Cép nhat PWM (setpwm)

A

Bién dbi Park (ap—dq)

Khéi dong ADC DMA

A

Tinh sai s0 id, iq

Hinh 4.2 Luu db thuat toan mach vong diéu khién dong

Két thuc vong dong

4.2.3 Vong diéu khién toc dé
Muc tiéu ctia vong diéu khién toc do 1a diéu khién momen cta dong co thong qua

viéc diéu chinh thanh phan dong 7 , lién quan tryc tiép dén luc quay.
Phén tich ting budc & trong luu d6 nhu sau:
Budgce 1: START

. Khoi dau vong diéu khién téc do.
Budc 2: Boc goc encoder

LAy gia tri hién tai tir encoder

- Gia tri nay dugc dung dé tinh toan toc do quay cua rotor.
Budc 3: Tinh delta goc — tinh van tdc

- Delta gbc = gdc hién tai — goc trude do

- Dung delta goc chia cho thoi gian mau dé tinh van tdc goc (vong/phut):

0 -0
w:W’TtWV (4.1)

- Van tdc nay 1a tbc do thuc té cua dong co.
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Buéc 4: Tinh 16i toc dd
- So sanh gitra tdc do mong mudn dit tir RPDO va tde d6 thuc té:
- Day la dau vao cho bd diéu khién PID tdc do.

Budc 5: PID toc d6 tinh ra ;7
- Dung b diéu khién PID d¢ tinh ra dong i

- Pau ra nay s€ dugc st dung lam dau vao cho tham chiéu cho vong di€u khién
dong.

Budc 6: END

Doc gbc encoder

I

Tinh delta goc
—> tinh vén téc

I

Tinh 16i téc do
(velocity _ref — velocity)

I

PID téc d6 — iq_ref

Hinh 4.3 Luu d6 thuat toan mach vong diéu khién toc do

4.2.4 Vong diéu khién vi tri

Muc tiéu ctuia vong di€u khién vi tri 1a di€u khién vi tri gbéc quay rotor dén mot vi
tri mong muodn
raw angle
— ——g X 272'
now __angle

velocity _ref = PID(e,)

now

4.2)
Phan tich timg budc trong luu do:
Budce 1: START

- Bat dau vong di€u khién vi tri
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Budc 2: Boc goc encoder (raw_angle)
- LAy dit liéu tir encoder quay (cam bién AS5047) dit liéu & dang raw v6i 6 phan
giai 12 bit (0 — 4095)
Budc 3: Tinh goc thuc té 0

now

- Chuyén doi raw_angle sang don vi goc

raw __angle

0

now

X271
now __angle

(4.3)

- Két qua la vi tri hién tai cta rotor tinh theo radian.
Budc 4: Tinh sai s6 vi tri

- Tinh d¢ 1éch gitra vi tri mong mudn va vi tri hién tai:
e=0,-0,, (4.4)
Budce 5: PID vi tri - velocity ref

- Dungbo diéu khién PID vi tri dé tinh téc do mong muén:

velocity _ref = PID(e,) 4.5)

- Paura la van téc tham chiéu dugc truyén cho vong diéu khién tc do.

Budc 6: END

~ Két thuc vong diéu khién vi tri.

START

h 4

Doc goc encoder
(raw_angle)

A 4

Tinh goc thyc té
(theta_now)

A 4

Tinh sai sb vi tri
(theta_ref — theta_now)

h 4

PID vi tri — velocity_ref

End
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Hinh 4.4 Luu d6 thuét toan mach vong diéu khién vi tri

CHUONG 5: TRIEN KHAI PHAN MEM TREN STM32

Trong du 4n diéu khién dong co BLDC theo phuong phap FOC vi diéu khién STM32
dong vai tro trung tAm trong viéc xur 1y va diéu khién hé théng. Cac ngoai vi tich hop
trén STM32 duoc cau hinh dé thyc hién cac nhiém vu chinh nhu phat xung PWM 3 pha,
do dong dién pha, giao tiép v6i encoder tir tinh AS5147U qua giao thirc SPI, va quan 1y
tin hiéu thoi gian thyc. Ngoai ra, dé dam bao kha ning giao tiép diéu khién tir xa trong
hé thdng diéu khién phan tan, giao thirc truyén thong CANopen ciing duoc trién khai
trén STM32. CANopen gitip hé théng d& dang trao d6i dit liéu diéu khién va trang thai
van hanh véi thiét bj chu (master), d@)ng thoi hd tro phat hién va xu ly 16i mot cach
nhanh chong.
Chuong nay trinh bay chi tiét vé cach cau hinh cic module chinh trén STM32, bao gom:
Céu hinh TIM1 dé phat xung PWM 3 pha.
Céu hinh module CAN va giao thitc CANopen dé dam bao truyén thong 6n dinh va hiéu
qua trén busCAN.
Céc phan mém hd trg khac can thiét cho qué trinh diéu khién dong co theo thoi gian
thure.
5.1 Céau hinh TIM1 — Phat xung PWM 3 pha.
5.1.1 Chirc nang

TIMI 14 bo dinh thoi tién tién (Advanced Timer) duoc sir dung dé phat xung
PWM 3 pha ¢ ché do Center-Aligned Mode 1. Cac kénh CH1, CH2 va CH3 cua TIM1
1an luot tao ra xung PWM diéu khién ba pha cua dong co thong qua driver L6234.

Hinh 5.1 Timer 1 Channel 1,2,3
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Center-aligned mode giup xung PWM can d6i va dong déu vé hai phia thoi gian,
giam nhidu xung dong va tbi wu cho viéc ldy mau dong dung tai diém trung tim cia
xung PWM (noi dién ap tuyén tinh nhét, it gon).

Uu diém cia center-aligned mode trong diéu khién BLDC/FOC:

- Taora song PWM dang tam gic can.
- Diém kich ADC (trigger) tai dinh giita xung PWM cho phép do dong

chinh xac hon.

- Giam EMI (nhiéu dién tir) so voi Edge-aligned mode.
Reset Configuration

Configure the below parameters :
Q 0] &) 0
~ Counter Seftings
Prescaler (PSC - 16 bits value) 0
Counter Mode Center Aligned mode1
Counter Period (AutoReload R... 2999
Internal Clock Division (CKD)  No Division
Repetition Counter (RCR -8 bit..0
auto-reload preload Disable
~ Trigger Output (TRGO) Parameters
Master/Slave Mode (MSM bit)  Disable (Trigger input effect not delayed).
Trigger Event Selection Update Event

Hinh 5.2 PWM Center Aligned Mode 1 va Trigger cho ADC Injected

5.1.2 Céu hinh cdc kénh ciia TIM1

Ché do PWM: PWM Mode 2 (OCxM = 0b111)

Trong PWM mode 2, dau ra & mic HIGH khi CNT > CCRx, va & mirc LOW khi
CNT < CCRx. Phu hop véi driver nhu L6234 vi cho phép tao ra xung nghich voi do
rong diéu ché dugc kiém soat.

PWM mode 2 — center-aligned mode (symmetric PWM): gitp tin hiéu PWM déi
xung, giam nhiéu, ho trg chinh xéac thoi diem do dong ¢ gitta chu ky PWM.

Kich hoat preload cho CCRx: BPam bdo vi¢c cap nhat gia tri CCRx khong gy
nhiéu tirc thoi, chi cap nhat tai diém Update Event.
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PWM Genetation Channel 1
Mode PWM mode 2
Putse (16 bits value)
Outpurt compare preload Enable
Fast Mode Enabl

CH Polanty

CH Kie State
PWM Generation Charnel 2
Maode PW mode 2

Puse (18 bits value)

Output compare preload Enable
Fast Mode

CH Polarnty

CH Idie State

Hinh 5.3 Ciu hinh PWM Mode 2

5.2 Cau hinh SPI — Giao tiép véi Encoder AS5147U
5.2.1 Chirc nang

Poc gié tri goc rotor tir encoder tir tinh AS5147U qua giao tiép SPI (giao tiép &
ché do SPI Slave, CPOL = 0, CPHA = 1 theo datasheet cia AS5147U).
5.2.2 Céu hinh SPI

SPI Mode: Mode 1 (CPOL =0, CPHA =1)

Téc d6 baudrate: cau hinh dé dam bao thoi gian doc vi tri nhanh hon chu ky diéu
khién (<10 MHz).

Chiéu truyén: Full duplex

Data size: 16-bit (AS5147U tra vé dit liéu 14-bit goc, 2-bit CRC) va chan giao
tiep: SPIx_MOSI, MISO, SCK, va chan CS di€u khién riéng bang GPIO.

Hinh 5.4 CAu hinh SPI1
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5.2.3 Khung truyén SPI va qud trinh doc géc
Mai 1an doc vi tri tir AS5147U duoc thuc hién bé‘mg cach gui mot khung 1énh 16-
bit dén encoder. Trong do, 6 bit ddu 1a dia chi thanh ghi, 1 bit 1a R/W (1 dé doc), 1 bit
parity. Sau khi giri 1énh, dir liéu goc s& duoc tra vé trong lan truyén tiép theo.
Quy trinh doc goc thyc té:
1. Kéo chan CS (chip select) xuéng mtrc thap.
2. Gt 1énh doc 16-bit dén dia chi 0x3FFF dé yéu cau doc dir liéu goc.
3. Kéo chan CS 1én lai mirc cao, két thuc truyén.
4. Sau mot chu ky delay ngin (~350 ns), thuc hién mot lan truyén SPI 16-bit
thi hai, dé nhan lai dir liéu goc.
5. Dir liéu tra vé duoc loc parity, kiém tra 131, trich xuat 14-bit dit liéu goc.
5.3 Céau hinh ADC1 —Po dong dién 3 pha
Pé thyc hién diéu khién dong dién trong phuong phép Field-Oriented Control
(FOCQ), can do chinh x4c dong dién chay qua cac pha ctia dong co BLDC. Trong du an
nay, dong dién dugc do gian tiép thong qua dién tro shunt dugc khuéch dai boi IC
INA240, sau d6 dua vao ADC cua STM32 dé s6 hoa va xir 1y.
5.3.1 B§ khuéch dai INA240
INA240-Q1 1a mot bo khuéch dai do dong di¢n dau ra dién ap, dat chuan 6 to
(automotive-qualified), voi kha ning khir nhiéu PWM duoc cai thién, cho phép do sut
ap trén dién tré shunt trong mot dai dién ap ché d6 chung rat rong tu —4 V dén 80 V, doc
1ap véi dién ap ngudn cap.
Thiét bi hoat dong v6i ngudn don tir 2.7 V dén 5.5 V, tiéu thu dong dién t6i da
chi 2.4 mA. INA240-Q1 c6 4 tiry chon hé s6 khuéch dai ¢ dinh: 20 V/V, 50 V/V, 100
V/V va 200 V/V.

A} =~
Supply
{ (2.7V 10 5.5V)

Hinh 5.5 So d6 két ndi INA240
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5.3.2 Nguyén ly do dong dién
Moi pha dong co BLDC duogc ndi qua mot dién tr¢ shunt c6 gia tr1 nho (vi du:
10mQ).
bién &p roi trén dién trd shunt phan d&nh dong dién tirc thoi ctia pha.
Do dién ap roi rat nho, tin hiéu nay dugc khuéch dai tuyén tinh boi INA240 véi
hé s6 khuéch dai (gain) khoang 50.
Tin hiéu khuéch dai duoc dua vao chan ADC analog cia STM32.
5.3.3 Swrdung ADC injected mode
Trong dy an nay, viéc do dong dién dugc thuc hién tai diém gifta cia xung PWM
(center of center-aligned PWM cycle) — thoi diém dong dién it bi nhidu nhat. Dé 1am
duoc diéu nay, ADC dugc cAu hinh & ché 6 Injected Mode, va duoc kich hoat bé‘mg
trigger tu TIM1.
Céu hinh cu thé:
- ADC mode: Injected conversion
- Trigger source: TIM1_TRGO (Trigger Output)
- Trigger event: Update hodc Capture Compare (tiy theo thiét ké)
- Sampling time: Cang ngin cang t6t nhung van du do chinh xac (vi du: 15
cycles)
- S6 kénh: 2 hodc 3 kénh tuy sb luong pha dugc do (2 kénh 1a da voi gia
dinh dong 3 pha tong bang 0)
5.3.4 Trinh tw hoat dong
1. TIM1 hoat dong & ché do center-aligned, tao ra xung PWM cho 3 pha diéu
khién driver L6234.
2. O gitta chu ky PWM, TIM1 s& tao ra tin hiéu trigger cho ADC injected.
3. ADCI injected s€ tu dong bit dau chuyén ddi trén 2 hodc 3 kénh d3 cdu
hinh.
4. Khi ADC hoan tat chuyén dbi, c6 thé sir dung ngat hoic doc truc tiép két
qua tur thanh ghi JDRx.
5. Sau d6, dong dién dang s6 s& dugc xtr Iy (loc, chuyén dbi sang 1d/Iq...).
5.4 Céau hinh ADC2 — Do dién ap ngudn.
5.4.1 Mach chia phan dap
Trong hé théng diéu khién dong co BLDC, viéc giam sat dién ap ngudn 1a mot

yéu cau quan trong nhim dam bao an toan van hanh va diéu chinh phu hop thuat toan
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diéu khién trong cac diéu kién dién ap thay d6i. Do dién 4p ngudn trong hé thong co thé
dao dong tir 5V dén 20V, vuot qua gii han dau vao cua bd chuyén ddi twong tu — sb
(ADC) trén vi diéu khién Nucleo F446RE (t6i da 3.3V), can phai st dung mach chia
dién ap dé dua dién ap vé mirc thich hop cho ADC.

Nguyén ly hoat dong:

Mach chia dién 4p st dung hai dién tré méc ndi tiép dé giam dién ap dau vao theo

cong thirc:

VADC=IGN><RII_%R2 (5.1)
Trong do:
-V, : dién ap ngudn can do (tir 5V dén 20V)
- V,pe: dién ap dua vao chan ADC (t6i da 3.3V)
- R, : hai dién tré phan ap
Lua chon dién tro:
Dé do chinh x4c dién 4p toi da 20V, va dam bao V,p- < 3.3V, chon:
- R =10kQ
- R, =2kQ
Khi do:
R Ij—QRz = % =0.1667 (5.2)

= Vé6i Vy, =20V — V. =20x0.1667 =3.33V

5.4.2 So dé két néi
Pau vao Vin: nbi vao nguon 5V-20V
Diém giita R, va R, : ndi vao chan ADC cua vi diéu khién
Dau con lai caa R, : ndi voi GND

Vout

VCC —» R1 T g R2 —» GND

Hinh 5.6 Ciu tric cdu phén ap
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5.4.3 Céu hinh ADC2

Trong hé thdng, chan PAO (ADC2_IN1) duoc sir dung dé do dién ap sau khi qua
mach chia ap. Pé t6i wu hiéu suit, DMA (Direct Memory Access) dugc st dung dé tu
dong luu trir gia tri ADC vao bo nhé ma khong chiém tai nguyén CPU.

Kénh ADC: IN1 (PAO)

D0 phan giai: 12-bit (0—4095)

Ché d6 chuyén déi: Continuous Conversion Mode

Data Alignment: Right

~ ADCs_Common_Settings

Mode Independent mode
< ADC_Settings
Clock Prescaler PCLK2 divided by 6
Resolution 12 bits (15 ADC Clock cycles)
Data Alignment Right alignment
Scan Conversion Mode Disabled
Continuous Conversion Mode Disabled
Discontinuous Conversion Mode Disabled
DMA Continuous Requests Disabled
End Of Conversion Selection EQC flag at the end of single channel conversion
# ADC_Regular_ConversionMode
Number Of Conversion 1
External Trigger Conversion Source Regular Conversion launched by software
External Trigger Conversion Edge Mone
4 Rank 1
Channel Channel 1
Sampling Time 15 Cycles

Hinh 5.7 C4u hinh AD2 IN1

5.4.3.1 Céu hinh DMA cho ADC2
DMA Request: ADC2
Stream: chon theo mic dinh CubeMX gan cho ADC2 (tiy vao MCU cu thé)
Direction: Peripheral to Memory
Priority: Medium
Mode: Normal (c6 thé chon Circular néu do lién tuc)
Peripheral Increment: Disable
Memory Increment: Enable
Data Width: Half Word cho ca Peripheral va Memory
Use FIFO: Khong su dung
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Favet Confguration
@ Paramels nNge ® L=t nstan!s o : . :
o ADcz Peripheral To Marmory Madium

Periphera Memaory

4]

Mode |Noma Increment Address

se Fito [ Jata Width Ha¥ Word v Half Word

Hinh 5.8 CAu hinh DMA cho ADC2

5.5 Giao tiép CAN
5.5.1 Cau hinh CAN
Bo diéu khién CAN trén STM32 dugc ciu hinh dé dam bao viéc truyén thong on
dinh va tuan thu cac yéu cau k¥ thuat ciia mang CANopen.
@ NVIC Settings

@ Parameter Settings ser Constants
Configure the below parameters :
Q | ® © (i ]
~ Bit Timings Parameters
Prescaler (for Time Qua... 9

Time Quantum 200.0 ns
Time Quanta in Bit Seg... 2 Times
Time Quanta in Bit Seg... 2 Times
Time for one Bit 1000 ns

Baud Rate 1000000 bit/s
ReSynchronization Jum... 1 Time

Hinh 5.9 CAu hinh CAN trén STM32

Viéc cau hinh bao gém cac tham s chinh sau:
- Instance: CANI la module CAN tich hop trén STM32 thyuc hién chitc nang
truyén nhan dir liéu qua busCAN vat 1y.
- Prescaler: Gia tri hé sb chia tan sd dat 14 9. Prescaler c6 vai trd diéu chinh
tdc d6 bit cia CAN. Khi két hop véi cac tham sb thoi gian khac, cAu hinh
nay cho phép dat baudrate 500 kbps.

Sinh vién thyc hién: Nguyén Lwong Phong Huéng dan: TS. Nguyén Khanh Quang

Huynh Buc Trung 54



Pé tai: Nghién ciru va vmg dung chudn truyén CANopen cho diéu khién dong co

Ché d hoat dong: CAN duoc dat & ché 36 Normal Mode, dam bao truyén

thong thuc té v4i cac thiét bi khac trén mang.

Tham sé thoi gian:

SYNC Jump Width (SJW): 1TQ, cho phép ddng b lai khi c6 sai 1éch nho.
Time Segment 1 (BS1): 2TQ, x4c dinh thoi gian 1ay mau bit.

Time Segment 2 (BS2): 2TQ, giup két thuc bit thoi gian va hd tro tai dong
bo.

Téc @6 truyén: Cau hinh dat baudrate 1Mbps (1.000.000 bit/s), phu hop
v6i cac tmg dung can tdc do truyén nhanh va thoi gian dap tng thap.
Thoi gian cho 1 bit: 1000ns dam bao tinh chinh xac trong giao tiép.

Céu hinh nay dam bao hé thong hoat dong & toc do cao (1Mbps), dap Gng yéu cau truyén
thong khat khe ctia mang CANopen trong hé thong diéu khién BLDC. Nhd d6, cac 1énh

di€u khién va dir liéu phan hoi dugc truyén di nhanh chong, gitip téi wu hi¢u qua diéu

khién va tang do tin cay cho toan hé thong.

5.6 Thiét ké va cAu hinh Object Dictionary bang CANopenEditor

CANopenEditor 14 cong cu mi ngudn mé do cong dong phat trién, dugce dung dé
tao va quan 1y Object Dictionary (OD) cho cac thiét bi CANopen. OD 13 mot
thanh phan c6t 161 trong kién thirc CANopen, chira tat ca cac thong tin cau hinh,
dir liéu van hanh, théng s truyén nhan (PDO, SDO) va trang thai thiét bi.

Phan mém CANopenEditor cung cép giao dién truc quan, cho phép ngudi ding

dé dang:

Tao méi hoac chinh stra cac muc trong OD(entry)

Dinh nghia cac chi s6 (Index), Sub-Index, kiéu dir liéu va quyén truy cip
Gén méi lién hé véi PDO, SDO

Xuat file dit liéu dudi dang .c, .h, .eds phuc vu cho firmware va phan mém

giam sat.
CANopenNode/ =
CANopenEditor 000
1€ 176 72 O
Hinh 5.10 Phan mém CANopenEditor
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5.6.1 Giao dién céu triic co bin

Sau khi m& phan mém CANopenEditor, ngudi dung s& 1am viéc trén mot giao
dién dd hoa truc quan, gitp dé dang va chinh stra Object Dictionary (OD) cua thiét bi
CANopen.

Mo ioantProtde  Bepoms  Tack

Tages oy o de F wer - o T n - —— e P n
Lo AT AN N g EY TR T Oty Trpe  Dua Tice S0 FOO 3ADD - Defad Ve

e e oo
Marudactorer Spectc Suweaten
-
N
ot o
Cwacrotze
Dmeca Prole Specfs; Paametrs
rie [
e - (et swergs
Dyt Tye Hplne [P
Data Tyee Lol Foope s
At Yok Frathe
Sy Len M
oo SO0
Deindt voie Save Chargen .t

Hinh 5.11 Giao dién phan mém CANopenEditor
Giao dién duoc chia thanh cac khu vuc chinh sau:

- Thanh cong cu chinh

File  Insert Profile  Reports  Tools

New Product 7] Device Info [ES Object Dictionary [ TXPDO Mapping [€ RXPDO Mapping Modules

Hinh 5.12 Thanh cong cu chinh cia CANopenEditor

Gom céc tab chinh:
e File, Insert Profile, Reports, Tools: chira cac chirc nang vé tao, mé, luu
project, xuat file .c/.h .eds

e Tab lam viéc

+ Device Info: Nhap thong tin thiét bi nhu Vendor ID, Product
Code,...

+ Object Dictionary: Giao dién chinh dé xay dung cau trac OD.
+ TX PDO Mapping: Quan ly cic object dugc anh xa vao TPDO
+ RX PDO Mapping: Quan Iy object &nh xa vao RPDO
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+ Modules: Dung cho céc ciu triic mo-dun
- Cay Object Dictionary
Hién thi tat ca object da tao trong OD, phén chia theo timg ving:
e Communication Specific Parameters (0x1000 — 0x1FFF): Cac object
giao thirc co ban nhu Device Type, Error Register, SYNC,...
e Manufacturer Specific Parameters (0x2000 — 0x5FFF): Vung do nguoi
dung tu dinh nghia.
e Device Profile Specific Parameters (0x6000 — 0x9FFF): Dung cho
chuan hoa timg loai thiét bi
- Danh sach sub-index
Khi chon mdt object kiéu RECORD hay ARRAY, danh sach sub-index s€ hién
thi & bang bén phai: Vi du nhu object 0x2200 TPDO trong hinh c6 cac sub nhu:

Sub Mame Obj Type Data Type 500 FOO SRDO  Default Value
TPDO RECORD

00 Highest sub-index supported VAR UMSIGMNEDS l[s] no no (06

01 id VAR REAL3Z v t no 0

02 g VAR REAL3Z i t no 0

03  velocity VAR REAL3Z w t no 1]

004  total_angle VAR REALIZ mw t no 1]

05 angle_elec_rad VAR REAL3Z v t no 1]

06 cument_sg VAR REALIZ w t no 1]

Hinh 5.13 Danh sach sub-index

- Khu vuc chinh stra Object
Khi chon mét Object, ngudi dung c6 thé sira chi tiét:
- Index, Sub-Index
- Name: Dat tén cho object
- Object Settings:
e Object Type: Variable, Record, Array
e Data Type: UNSIGNEDS, INTEGER16, REAL32, ...
e Default Value
e Storage Group: chon nhom luu triv
e Enabled: kich hoat object trong xuat file
5.6.2 Ung dung tao Object Dictionary cho hé thong diéu khién déng co BLDC
Sau khi tim hiéu 1y thuyét va giao dién phan mém CANopenEditor, budc tiép
theo 1a tién hanh tao Object Dictionary (OD) phu hop véi diéu khién va giam sat hé
thong BLDC sir dung giao thitc CANopen. OD 1 n6i luu trit toan bo thong tin ciu hinh,
cac tham sd truyén nhan di liéu ciing nhu quyén truy cip va kiéu dir liéu duoc hd tro.
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5.6.2.1 Xdc dinh tham so cin thiét trong hé thong diéu khién BLDC

Dua trén thiét ké cua hé thdng, cac tham sb chinh can truyén va nhan thong qua

CANopen bao gom:
Béng 5.1 Cac tham s6 truyén nhén trong hé thong diéu khién dong co BLDC
Tham s6 Y nghia
velocity now Van tdc hién tai cua dong co
velocity ref Van tdc tham chiéu (diéu khién tir Master)
theta ref Goc quay tham chiéu (diéu khién tir Master)
theta now Go6c quay hién tai ciia dong co
id dong dién d trong khung toa d dq
1q dong di¢n q trong khung toa dg dq
kp Hé s6 ti 18
ki H¢ s0 tich phan
kd H¢ s6 vi phan
Mode Che d¢ dieu khién

Céac bién nay s€ duoc sép xép trong OD nhu sau:
- 0x2000 RPDO: Géi dit liéu Slave (STM32) nhan duoc tir Master (PC). Dung dé
truyén 1énh hodc diéu khién tdc do, goc, ché do diéu khién.
- 0x2200 TPDO: Géi dit liéu truyén tir Slave (STM32) dén Master (PC). Dung dé
truyén cac trang thai hién tai ctia dong co nhu tde do thuce té, vi tri goc, dong dién.
- 0x2400 TPDO_PID: Goi dit liéu truyén tir Slave (STM32) dén Master (PC).
STM32 giri cac thong s PID hién tai (kp, ki, kd) 1én PC dé hién thi.
5.6.2.2 Tao muc TPDO va TPDO_PID trong OD

TPDO
Trong phﬁn mém CANopenEditor, thyc hién cac budc sau:

- Budc 1: Chon muc Manufacturer Specific Parameters
- Budc 2: Thém mot entry méi:

- Index: 0x2200

- Name: TPDO

- Object Type: RECORD

- Access SDO: RW

- Access PDO: T

- Storage Group: PERSIST COMM
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- Budc 3: Thém cac sub-index cho TPDO:
Bang 5.2 Bang Sub-Index cua TPDO

Sub-index Name Data Type Access Ghi chu
0x00 Highest sub-index | UNSIGNEDS RO Téng s6 sub-index
0x01 1d REAL32 T dong dién i1 d
0x02 1q REAL32 T dong diéni_q
0x03 theta now REAL32 T Goc quay hién tai
0x04 speed now REAL32 T van tdc hién tai

TPDO_PID

- Budc 1: Chon myc Manufacturer Specific Parameters

- Budc 2: Thém mot entry moi:

- Budc 3: Thém céc sub-index cho TPDO_PID:
Bang 5.3 Bang Sub-Index cua TPDO_PID

Index: 0x2400
Name: TPDO_PID

Object Type: RECORD

Access SDO: RW
Access PDO: T

Storage Group: PERSIST COMM

Sub-index Name Data Type Access Ghi chu
0x00 Highest sub-index | UNSIGNEDS RO Tong s6 sub-index
Hé s6 kp cua vong
0x01 kp speed UNSIGNED16 T N A
diéu khién toc do
: Heé s6 ki cia vong
0x02 ki speed UNSIGNED16 T N 2o
diéu khién toc do
Hé s6 kd ctia vong
0x03 kd speed UNSIGNED16 T N P
diéu khién toc do
Hé s6 kd cua vong
0x04 kp pos UNSIGNED16 T N o
diéu khién vi tri
. Heé s ki cta vong
0x05 ki _pos UNSIGNEDI16 T . L
diéu khién vi tri
Heé s6 kd cta vong
0x06 kd pos UNSIGNED16 T

diéu khién vi tri
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5.6.2.3 Céu hinh TPDO Mapping
Trong hé thdng truyén thong CANopen, TXPDO la d6i tuong dung dé gui dir
liéu tir thiét bi Node 1én mang CAN.
Céc Object dugc anh xa (Mapping) bao gdm:
Bang 5.4 CAu hinh 4nh xa TXPDO cho cac tham sb truyén dit liéu

. Noi dung dir liéu
COB-ID (hex) Index/Sub-index A
truyen
Goc quay hién tai
0x2200/03
(theta_now)
1 1AOh -
Toc do hién tai
0x2200/04
(speed _now)
0x2200/01 Dong dién d (i_d)
2 2A0h
0x2200/02 Dong dién q (i_q)
Hé s6 kp cua vong diéu
0x2400/01 s
khién toc do (kp_speed)
H¢ s6 ki clia vong dié
3 3A0h 0x2400/02 v oo T e vone et
khién toc do (ki_speed)
Hé s6 ki ciia vong diéu
0x2400/03 khién téc d6 (ki_speed)
Heé s6 kp cuia vong diéu
0x2400/04 khién vi tri (kp_pos)
Hé s6 ki ciia vong diéu
4 4A0h ? S¢ g
0x2400/05 khién vi tri (ki_pos)
Hé s6 kd cua vong diéu
0x2400/06 Khién vi trf (kd_pos)

5.6.2.4 Tao muc RPDO trong OD
Ta cin tao cac bién dé nhan 1énh va dit ligu diéu khién tir PC dén STM32.
- Index: 0x2000
- Name: RPDO
- Object Type: RECORD
- Data type: REAL32

- Access SDO: RW
- Access PDO: R (vi Master gui, Slave nhan)
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- Storage Group: PERSIST COMM
Béang 5.5 Bang Sub-Index cua RPDO

Sub-index Name Data Type Access Ghi chu
. . Tong sb sub-
0x00 Highest sub-index | UNSIGNEDS RO ,
index
0x01 rx_theta UNSIGNED32 R dong dién i d
0x02 rx_speed UNSIGNED32 R dong diéni q
0x03 rx_mode UNSIGNED32 R Goc quay hién tai

5.6.2.5 Céu hinh RPDO Mapping
Trong hé thdng truyén thong CANopen, RXPDO 1a dbi tuong dung dé nhan dir
liéu tr mang CAN.
Céac Object dugc anh xa (Mapping) bao gom:
Béang 5.6 CAu hinh 4nh xa RXPDO cho c4c tham sd truyén dir licu

COB-ID (hex) Index/Sub-index Noi dung dit liéu truyén
1 180h 0x2000/01 Goc quay tham chiéu
(rx_theta)
2 183h 0x2000/03 Ché do diéu khién
(rx_mode)
3 184h 0x2000/02 Téc d tham chiéu
(rx_speed)
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CHUONG 6: XAY DUNG PHAN MEM PIEU KHIEN PONG CO

6.1 Muc tiéu ciia phan mém vng dung
- Phat trién mot ung dung giao tiép voi hé théng dong co thong qua giao thic
CANopen.
- Thuc hién cac chirc ning co ban: giri 1énh diéu khién dong co, giam sat trang thai
dong co va doc cac tham s6 van hanh.
6.2 Cong cu va cong nghé sir dung
- Ngon ngtr 1ap trinh: C++
- MGoi trudng phat trién: QT Creator
6.2.1 Gidi thiéu vé phan mém QT Creator
QT 12 mot framework da nén tang. Mot s6 ing dung pho bién viét tir QT c6 thé
ké dén nhu KDE, Opera, Google Earth, va Skype. QT lan dau duoc gidi thiéu vao thang
5 nam 1995. QT co thé duoc ding dé phat trién tng dung ma ngudén mé 1an cac ung
dung cho doanh nghiép. B cong cu phat trién QT rat manh mé vi né duoc ca mot cong
d6ng ma ngudn mo hd trg. Cé dén hang ngan cac nha phat trién ma ngudn mo sir dung
QT trén toan thé gi6i.
QT dugc viét bang C++ va dugc thiét ké st dung trong C++. Tuy nhién, hién nay
chung ta d3 co thé dung thu vién véi nhiéu ngdn ngit khac nhu Java hay Python, ...
Trén thuc té, QT khong phai mot thu vién ma tip hop cac thu vién. Ching rat
rong va thuong thi nguoi ta sir dung thuat ngit farmework, nghia 1a mot khdi kién trac

tap hop cung cip nhiéu cong cu dé lap trinh cta chung ta trd nén hiru hién hon.

The Qt
. Company

Hinh 6.1 Phan mém QT Creator

6.2.2 Cdu triic chwong trinh giao dién

Giao dién duoc xay dung bang phan mém QT Creator, nham muc dich gidm sat
dir liéu thyc té tir dong co va giri 1énh diéu khién thong qua giao tiép CANopen. Giao
dién chia thanh nhiéu khéi chirc ning riéng biét, dé sir dung va than thién véi ngudi van
hanh.
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Hinh 6.2 Giao dién chinh ctia phan mém diéu khién trén may tinh

Céu tric cac khdi chirc ning bao gdbm:
6.2.2.1 Khu vuc két néi cong COM (SET COM)
Hién thi danh sach cac cong COM dang c6 séin.
- Khi chua c6 két ndi s& hién thi trang thai: NOT CONNECTED
- Nut CONNECTED thiét lap giao tiép v6i bo STM32.
- Nt Refesh dé cap nhat lai danh sach cong COM.
- Khi két ndi thanh cong sé& hién thi trang thai “CONNECTED”
6.2.2.2 Data received from STM32
Hién thi toan bd cac khung tin CAN duoc nhan tir dong co théng qua TPDO.
Dit li€u duogc cap nhat lién tuc nhd ham doc CAN chay theo chu ky.
Nut CLEAR: x6a ndi dung hién thi.
6.2.2.3 Data sent to STM32
Hién thi dit liéu ma ngudi dung giri xuéng STM32 qua giao thirc CAN.
Nut CLEAR: X6a ndi dung vung nay.
6.2.2.4 Khoi diéu khién
Nhap gia tri SET POINT mong muén.
C6 2 lya chon diéu khién:
- ANGLE: giri gia tri vi tri mong mudn.
- SPEED: gti tbc do tham chiéu.
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Tuy vao nut duge nhan, dit lidu s& duoc ma hoa va giri xudng thiét bi thong qua
RPDO hoac SDO tuong ung.
6.2.2.5 Hién thi hé so diéu khién PID
Giao dién cung cap vung hién thi hé s6 diéu khién PID ciia dong co gitip nguoi
dung d& dang theo dbi cai thong s6 da duoc cu hinh sin trong bo diéu khién STM32.
Chung dugc doc thong qua PDO tir bd diéu khién, tiy theo cdu hinh CANopen
ctia hé thong.
6.2.2.6 Khoi dir liéu thwc té
Hién thi thong sé phan hdi thyc tir dong co:
- ANGLE: gbc quay thyc té.
- SPEED: toc d¢ thyc té.
- 1,, 1,:dong dién thanh phan theo truc dq.
Gia tri nay dugc cap nhat tr TPDO cua thiét bi.
6.2.3 Co ché truyén nhén div liéu
Gtri dir liéu: Khi nhén cac nat SEND, ANGLE, SPEED, chuong trinh tao khung
CAN va giri qua cong két nbi voi adapter CAN, sir dung socket hodc API tuong tng.
Nhan dir li¢u: Chuong trinh cai dat QTimer dé doc dir liéu CAN dinh ky va cap
nhat nd1 dung khdi “Dit liéu nhan” va “Dit liéu thuc t&”.
Dit liéu truyén/nhan déu dugc anh xa dén cac Object Dictionary cua thiét bi diéu
khién thong qua ID dinh san.
6.2.4 Cdc tab dé thi gidm sdt
Khu vye do thi nam phia bén phai cta giao dién phan mém va duoc chia thanh
ba tab chinh: Graph Voltage, Graph Current va Graph Angle. Mdi tab c6 chirc ning hién
thi tryc quan céc tin hiéu dién hodc co tir hé théng diéu khién dong co, nham hd trg
nguoi ding giam sat thoi gian thuc va phan tich trang thai hoat dong ctia hé thong
6.2.4.1 Tab Graph Current
Tab Graph Current cho phép giam sat cac dong dién trong hé FOC:
- I, —dong dién tryc d (lién quan dén diéu khién tir thong).
- 1, —dong dién tryc q (li€n quan dén diéu khién momen).
Dit liéu dong dugc 1ay tir TPDO ctia STM32. Ngudi dung c6 thé dung db thi:
- Phan tich cach hé théng diéu khién dong dién nham dap ung céc thay doi

vé momen hoac toc do.
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- Pam bao rang dong dién khong vuot qua gidi han cho phép.
- Theo ddi bién dong dong khi c6 nhiéu hodc su cd tir tai.
6.2.5 Cdc tab dé thi gidm sdt
Khu vye d6 thi 1a mot khu vie quan trong trong giao dién, giup nguoi ding gidam
sat cac tin hiéu phan hoi tir hé théng diéu khién dong co theo thoi gian thuc. Cac biéu
d6 duoc to chirc thanh 3 tab riéng biét: Graph Current, Graph Angle va Graph Speed.
Dit liéu dau vao cho d6 thi lay tir cac TPDO do STM32 truyén vé bang giao thirc
CANopen. Cac biéu d6 nay ho tro truc quan hoa hoat dong cua hé théng, déng tho1 phuc
vu viéc phan tich dap Gmg dong, diéu chinh PID, va danh gia hiéu suat diéu khién.

6.2.5.1 Tab Graph Current

Tab Graph Current hién thi d6 thi theo thoi gian cta hai thanh phan dong dién
diéu khién trong hé FOC: 1, va I . Y nghia va chirc nang cta tab d6 thi nay la cho
phép theo ddi dap tmg dong dién trong qué trinh khoi dong, thay ddi tai hodc thay doi
tdc do.
6.2.5.2 Tab Graph Angle

Tab Graph Angle c6 chitc nang hién thi d6 thi goc quay ciia dong co BLDC trong
thoi gian thuc. Thong qua biéu do, ngudi ding co thé danh gia:

- Do chinh x4c cua hé théng diéu khién trong viéc bam theo goc dit.
- Thoi gian dap ung cua dong co khi thay ddi goc dit.
- Hiéu suit cua thuat toan FOC ciing nhu d6 tré hé thong khi giao tiép.

Biéu db ndy dac biét hiru ich trong cac tinh huéng can theo doi sy 6n dinh hodc
phat hién cac hién tuong sai 1éch, nhu tré phan hoi, bam sai va dao dong dur.
6.2.5.3 Tab Graph Speed

Tab Graph Speed hién thi d6 thi dap tng toc do cua dong co BLDC theo thoi
gian, phuc vy giam sat vong diéu khién toc do trong hé thong FOC.

Dit liéu hién thi trén d6 thi:

- speed_ref (rpm): Gia tri toc do dat do nguoi ding nhap va gui xudng vi
diéu khién thong qua RPDO ciia giao thirc CANopen.

- speed_now (rpm): Gi4 tri tbc d6 thyuc té ciia dong co, duoc phan hoi tir
STM32 thong qua TPDO, lay tir bd ma hoa AS5147U va thuat toan udc
luong tde do.
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Thong qua do thi nguoi dung c6 thé danh gia kha ning bam toc d6 cua hé théng

diéu khién.
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CHUONG 7: KET QUA THUC NGHIEM VA HUONG PHAT TRIEN

6.3 Két qua thwe nghiém

6.3.1 Dadp trng dong dién 1, va I,

Do thi dudi day thé hién sy thay doi cia dong dién /, va I, trong qué trinh diéu
khién vi tri d6ng co. DAy 1a hai thanh phan dong dién quan trong diéu khién FOC, trong
do 1, thuong dugc gitt & mirc 0 dé khong tao ra tir théng du, con 1 , 1a dong tao ra mo-
men xoan gitp dong co quay dén vi tri dt.

Khi vi tri chua dat, dong /, tang nhe dé tao mo-men xoan. Khi dat vi tri, sai s6
vi tri giam vé 0 nén dong / , cung giam va dao dong quanh 0. Piéu nay cho thiy hé
théng diéu khién vi tri da hoat dong 6n dinh, va cac dong diéu khién dugc bam ding
theo nguyén 1y cua diéu khién FOC.

Graph Current

1K

Current (A)

0 2.5 5 15 10 12.5 15

Ime (s)

Hinh 7.1 D6 thi dap ung cua dong dién 1 4 va I theo thoi gian
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6.3.2 Dap wng goc quay cua dong co

Trong qué trinh kiém nghiém dap tng vi tri cia dong co, gia tri gbc quay
(theta_command) dugc thay ddi theo cac mirc roi rac nhim danh gia didu khién chinh
xac va phan hoi ciia hé thdng diéu khién FOC. Dudi ddy 1a do thi biéu dién dép ung vi
tri va téc do cua dong co khi thay doi gia tri goc dit tudn hoan tir 0 1én 27,47 ,67 va
87 .

Graph Angle
theta response |
7.5 ‘
A theta command |
= 5
=
=0
Z 2.5
0
S5 >~
0 2.5 5 7.5 10 12.5 15
Time (s)
Graph Speed
|
) ; speed response
500 | \
= 250
o
o
-] (113 -
>
2
“ 250
-500+

0 2.5 5 7.5 10 12.5 15

Iime (s)
Hinh 7.2 D6 thi dap tng goc quay va tbe do dong co theo thoi gian

Nhan xét: D6 thi thé hién duoc su thay ddi cia goc quay thuc té (theta response —
dudng mau xanh) so vai goc dit (theta command — duong dut mau do) theo thoi gian.
Géc duoc tinh theo don vi 7 (rad), trong d6 mdi budc nhay cua goc dit twong tmg véi
mot vi tri mong mudn ma dong co can dat dugc. Nhin vao d6 thi ta c6 thé théy:
- Kha ning bam goc chinh xac, goc quay thuc té bam sat theo goc dat trong toan
bd qua trinh, cho théy hé théng diéu khién hoat dong hiéu qua va c6 do chinh xéc
cao. Sai sb giira goc dit va goc thuc té rat nho, gan nhu khong dang ké sao mdi
1an chuyén tiép.
- Thoi gian dap tng nhanh, tai cac thoi diém thay doi goc dat, dong co gan nhu dat
duogc gid tri mong mudn trong thoi gian rat ngan. Diéu nay ching to kha ning
phan héi t6t cta thuat toan diéu khién FOC khi két hop truyén thong CANopen.
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- Tbc d6 phan anh qua trinh dich chuyén goc, trong db thi tbc d6 phia dudi, tai mdi
thoi diém gbc dat thay ddi , xuat hién mot xung tbe do nga"ln, ¢ bién d6 1én dén
khoang 250-500RPM, phan anh qua trinh dong co ting téc dé nhanh chong dat
dén vi tri moi. Sau khi goc di dat duogc, téc dd giam nhanh chong vé 0, cho thay
hé théng da hoan tat viée di chuyén va gitr vi tri 6n dinh.

6.3.3 Bdp irng toc dé ciia dpng co

Db thi dudi day thé hién mbi quan hé giira toc d6 dit (speed_response) va toc dd
thue té (speed_command) cia dong co BLDC trong qua trinh diéu khién bang thuat toan
FOC, véi dit liéu truyén qua giao thirc CANopen. Tdc do duoc didu chinh theo cac mirc
khac nhau bao gdm gié tri duong, 4m va vé 0 dé danh gia kha niang dap tng ctia hé thong
trong céac diéu kién khac nhau.

Graph Speed
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Hinh 7.3 D6 thi dép ung tbc do dong co theo thoi gian
Nhan xét: Quan sat dd thi ta rat ra duge mot sd diém ndi bat sau day:

- D bam tde do tot, tde do thue té (duong mau xanh) bam rat sat véi toc do tham
chiéu (duong dit mau do), chimg to hé thdng didu khién c6 d6 chinh xac cao. Sai
s6 gan nhu khong dang ké trong toan bd qua trinh diéu khién.

- Thoi gian qua do ngén, & céc thoi diém thay doi gia tri dat, tdc do thuc té gén
nhu dat dugc gia tri mong mudn ngay lap tirc, cho thdy phan tng nhanh va hiéu
qua ctia bo diéu khién FOC.
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Tinh 6n dinh cao, téc d6 duoc giit 6n dinh trong sudt cac khoang thoi gian khong
c6 tin hiéu diéu khién. Khong xuét hién dao dong hay nhiéu 16n trong qua trinh
duy tri toc do.

Dép tng dao chiéu tét, hé théng xir 1y tét trong ca trudng hop tde d6 co gia tri

am va toc do thuc t€ van bam chinh xac theo yéu cau.

6.4 Huwéng phat trién cia dé tai

Dé tai “Nghién ctru va tng dung chuan truyén thong CANopen cho diéu khién

dong co” da xay dung duoc mo hinh didu khién va giam sat co ban. Trong tuong lai, hé

thdng co thé dugc phat trién theo cac hudng sau:

Téi uu diéu khién FOC: Cai tién thuat toan dicu khién dé giam sai sd, rit ngan
thoi gian dap tng va ting d6 6n dinh hé thong.

M¢ rong Object Dictionary: Bb sung thém céc doi tuong nhu nhiét do, 16i hé
thong, gitp giam sat va diéu khién toan dién hon.

Phat trién giao dién giam sat: Nang cAp phan mém giao dién trén may tinh voi
chtrc nang ghi log dir liéu, canh bao 15i va diéu khién truc tiép qua RPDO.

Mo hinh da node: X4y dung mang CANopen vé6i nhiéu node dong co hoat dong
déng bo, ing dung trong robot hoac xe di¢n.

Nhirng dinh huéng trén s& gitip hé théng hoan thién hon, san sang trién khai cac

ung dung cong nghiép va nghién ctru chuyén sau.
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KET LUAN CHUNG

Trong dd 4n nay, chiing em da nghién ciru va ing dung thanh cong chuan truyén
thong CANopen vao hé thong diéu khién dong co BLDC st dung vi diéu khién STM32.
Thong qua két hop gitta md ngudén mé CANopenNode, phan cing STM32F446RE,
driver SimpleFOC va phan mém giao dién diéu khién quan sat trén QT Creator, hé thong
diéu khién da dat duoc kha ning truyén nhan dir lidu thoi gian thuc, do tin cdy cao va
kha ndng mé rong trong moi truong cong nghiép.

Cac ndi dung chinh d3 thyuc hién bao gom:

- Tim hiéu co so 1y thuyét vé giao thic CAN va chuan truyén théng CANopen.

- Thiét ké va trién khai hé thong truyén thong giita may tinh va vi diéu khién qua
CAN USB Adapter.

- Xay dung Object Dictionary véi ciu trac hop 1y, dap Gmg yéu cau diéu khién
dong co bang PDO.

- Tich hop giao dién nguoi dung trén phan mém QT Creator dé giam sat va diéu
khién dong co mdt cach truc quan, hi€u qua.

- Kiém tra thuc nghi¢m cho thﬁy hé théng truyén thong hoat dong 6n dinh, dir liéu
truyén nhan c6 do tré thip va dap tmg tot cac thay doi vé dong dién, toc do, vi tri
dong co.

Két qua dat duoc 1a tién dé quan trong cho viéc tng dung CANopen trong cac hé
thdng diéu khién cong nghiép quy mé 16n. Qua d6 4n, nhom di ciing ¢ kién thirc chuyén
nganh, nang cao k¥ ning lam viéc nhom va giai quyét bai toan thyc té, dong thoi tich
lity kinh nghiém trién khai cac hé thong nhing str dung cac giao thtc truyén thong tién
tién.

Tuy nhién, do gii han vé thoi gian va diéu khién thuc nghiém, dé tai van con
mot s6 diém c6 thé phat trién thém nhu: hoan thién vong diéu khién vi tri, tich hop thém
tinh ning dong bd hoa mang (SYNC), mé rong md hinh diéu khién da tryc. Pay ciing

chinh 12 huéng phat trién tiém nang cho cac nghién ctru tiép theo.
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