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TOM TAT

Tén d& tai : Ung Dung Cong Nghé Truyén Thong EtherCAT Pong Bo Hoa Toc Do
bong Co Trong H¢ Thong Diéu Khién Thoi Gian Thuc

Sinh vién thyc hién: Nguyén VAn QUang............cceueiueeeiiiiieieeie e,

S6 thé SV: 105200466...........c.cevven..... L6p: 20TDHCLC3....coovveei
Sinh vién thyc hién: Tran Tudn Linh................ooooiiiiiiii e,

S6 thé SV: 105200415........oveeiinn..... L6p: 20TDHCLC2.....cooveeei .
Sinh vién thuc hién: L8 Ngoc HiU...........oooiiii e,

S6 thé SV: 105200448..........ccoeevuen..... L6p: 20TDHCLC3....oevveeee .

Noi dung tém tit cta dé tai :

- MO ta dé tai:

Trong bdi canh cac hé théng diéu khién hién dai yéu cau d6 chinh xac cao, kha nang
phan hdi nhanh va su dong bo trong thoi gian thuc, dé tai tip trung nghién ctru va trién
khai hé thong diéu khién té¢c d6 hai dong co BLDC bang giao thirc EtherCAT. Hé thong
sit dung TwinCAT 1am master dé giao tiép v6i EtherCAT Click LAN9252, truyén di
liéu qua SPI dén vi diéu khién STM32, sau d6 diéu khién dong co bang phuong phap
Field-Oriented Control (FOC) thong qua thu vién SimpleFOC. Hé thong diéu khién bao
gdm cac vong lap PID 16ng nhau: téc do — dong dién, két hop vé6i thuat toan FOC nhim

toi wu hoa do chinh xac va hi¢u suat nang lugng.

Trong qua trinh thuc nghiém, hé théng cho thay kha ning dong bo toc d6 dong co véi
sai sO thap va thoi gian dap ung nhanh. Truyén thong EtherCAT, SPI va thuat toan diéu
khién dugc trién khai hiéu qua, dam bao kha ning md rdng cho cac tng dung cong
nghiép. Tuy nhién, dé cai thién hién tuong dao dong & tbc d6 cao, can toi wu thém thuat
toan diéu khién va gidi han téc do dong co.

Két qua dé tai khong chi minh ching tinh kha thi cta viée ap dung giao thirc EtherCAT
trong diéu khién phan tan ma con 13 nén tang dé phat trién cac hé thong diéu khién dong
co thong minh, phuc vu trong robot, may tu dong, va cac ung dung cong nghi¢p doi hoi

tinh dong bd va thoi gian thuc.
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_DAITHOC PA NANG
TRUONG PAI HOC BACH KHOA

KHOA DIEN

CONG HOA XA HQI CHU NGHIA VIET
NAM
Doc lap - Tu do - Hanh phuc

NHIEM VU PO AN TOT NGHIEP

TT Ho tén sinh vién Sb the SV Lop Nganh
< Ki thuat Diéu khién va Tu
1 | Nguyén Van Quang | 105200466 | 20TDHCLC3 ) .
dong hoa
e Ki thuat Diéu khién va Ty
2 Tran Tuan Linh 105200415 | 20TDHCLC2 ) .
dong hoa
. 4 Ki thuat Piéu khién va Tu
3 Lé Ngoc Hiéu 105200448 | 20TDHCLC3 R .
dong hoa

1. Tén dé tai do an:

Ung dung cong nghé truyén thong EtherCAT dong by héa toc dp dong co

trong hé thong diéu khién thoi gian thuc
2. Dé tai thude dién: [JC6 ky két théa thudn s hitu tri tué doi voi két qua thiyc hién

3. Cac so lieu va dir liéu ban dau:

4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Tén sinh vién

Noi dung

1 Nguyén Vin Quang -

2 Tran Tu4n Linh

3 Lé Ngoc Hiéu

Nghién ctru hé thong dong bd tbe do dong co
BLDC bang truyén thong EtherCAT

Nghién ctru phan mém TwinCAT va phan
mém lap trinh STM32CubelDE.

Nghién ciru public hé thong trén nén tang
internet dé truy cap tir xa.

Nghién ctru két ndi chi tiét thiét bi.

Tim hiéu nguyén Iy hoat dong ctia cac thiét bi
dién.

Nghién ctru quy trinh cong nghé ctia hé thong.
Thi cong dau nbi day, lap dat thiét bi cho hé
thong

Tién hanh chay thir hé thong, danh gia két

qua.

b. Phan riéng:

il




TT

Ho tén sinh vién

Noi1 dung

Nguyén Vin Quang

Két ndi cac module EtherCAT Click voi
STM32F446 qua SPI.

Viét va chinh stra tép mo ta ESC (EtherCAT
Slave Controller) bang EtherCAT SDK.
Cai dit va cdu hinh TwinCAT dé 1am Master
trong hé théng EtherCAT.

Viét lyu d6 thuat toan va 1ap trinh STM32.

Tran Tuan Linh

Tim hiéu két ndi giita hai STM32F446 qua
UART.

Két ndi va kiém tra hé thong EtherCAT
Master-Slave.

Tong hop ndi dung, viét bao céo thuyét
minh.

Tinh toan cac thong s6 cua hé thong va kiém

nghiém.

Lé Ngoc Hiéu

Tim hiéu két ndi giita hai STM32F446 qua
UART.

Thyc hién mé phéng dong co trén
MotionLab

Tinh toan cac thiét bi trong hé thong.

Viét va chinh stra tép mo ta ESC (EtherCAT
Slave Controller) bang EtherCAT SDK.

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

TT

Ho tén sinh vién

Noi dung

1
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6. Ho tén nguwoi hudng dan: Phan/ Néi dung:

TS. Nguyén Khanh Quang - Giam sat tién do thyc hién.
- Kiém tra va cho ¥ kién duwa trén phan

cong viéc da hoan thanh.

Nguyén Ding Khoa - Hudng dn kién thte thyc té.

- Cung cap cic tai liéu tham khao.

7. Ngay giao nhiém vu dé én: 13/3/2025
8. Ngay hodn thanh do én: 22/6/2025
Pa Nang, ngay 22 thang 6 nam 2025

Truéong Bo mon Ty dong hoa Nguwoi hwéng din

TS. Giap Quang Huy



Ho tén sinh vién:

DAl HOC DA NANG
TRUONG PAI HOC BACH KHOA
KHOA DBIEN

CONG HOA XA HQI CHU NGHIA VIET

NAM

Boc lap - Tu do - Hanh phuc

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho ngudi hudéng dan/sinh vién)

Tén dé tai DATN:

Nguyén Vin Quang
Tran Tuin Linh

Lé Ngoc Hiéu

S6 thé SV: 105200466

105200415
105200448

Ung Dung Cong Nghé Truyén Thong EtherCAT Pong B Hoa Toc Do
DPong Co Trong Hé Thong Piéu Khién Thoi Gian Thyc
Ho tén nguoi HD: TS. Nguyén Khanh Quang

Pon vi: Trudng Pai hoc Bach khoa — Pai hoc Pa Nang

Tuinl  Nes Khoi lwong GVHD
uam - eay Di thue hién (%) Tiép tuc thuc hién (%) ky tén
5% 95%
1 |13/3/2025
10% 90%
2 [20/3/2025
15% 85%
3| 27/3/2025
Duyét 1an 1: Panh gia khoi luong hoan thanh % :
4 | 3/4/2025 [Puoc tiép tuc 1am DPATN [ Khéng tiép tuc thuc hién DPATN
O
30% 70%
5 | 10/4/2025
40% 60%
6 | 17/4/2025
50% 50%
7 | 24/4/2025
Duyét lan 2: Danh gia kh6i luong hoan thanh % :
8 | 3/5/2025 |Puoc tiép tuc lam DPATN [ Khéng tiép tuc thuc hién DATN
0
60% 40%
9 | 8/5/2025

vi




70% 30%
10 | 15/5/2025
75% 25%
11 |22/5/2025
Duyét 1an 3: Panh gia khoi lugng hoan thanh % :
12 | 29/5/2025 [Puogc tiép tuc lam DATN [ Khong tiép tuc thyc hién DPATN
O
80% 20%
13 | 5/6/2025
90% 10%
14 | 12/6/2025
95% 5%
15 | 19/6/2025
100% 0%
16 |21/6/2025

vil




LOI NOI PAU VA CAM ON
Sau thoi gian hoc tap va nghién ctru tai truong Pai hoc Bach Khoa — Pai hoc ba
Néng. Pugc su giang day va chi bao cua thdy, ¢ gido dén nay nhém dd an di duoc
trang bi day du nhirng kién thirc va phdm chat cua ngudi 1am k§y thut. Két thic phan
hoc 1y thuyét tai trudng va thye hién D6 an tét nghiép nham tong hop kién thirc va hoan
thanh chuong trinh hoc.

Trong thoi gian qua, dudi sy dan dit va giam sat cua thly Nguyén Khanh Quang,
nhom d3 thue hién dé tai tot nghiép “ Ung Dung Cong Nghé Truyén Thong EtherCAT
Déong B Héa Toc Pé Pong Co trong H¢ Théng Piéu Khién Thoi Gian Thye”, nhom
da dugc biét thém nhiéu kién thirc vé mang truyén thong EtherCat. Pay 1a mot co hoi
rat quy bau dugc tiép can duoc nhimng kién thirc méi 1a tién dé gitp chung t6i hiéu rd vé

quy trinh thiét ké du 4n cho mot doanh nghiép dé bd trg cho cong viée sau nay.

Db an tbt nghiép nay 1a ddu mdc quan trong dé kiém tra nhan thirc cua sinh vién
trong thoi gian hoc tap va nhirng kién thirc di dugc giang day o trong truong. Pong thoi
n6 con danh gia kha ning van dung 1y thuyét dé phan tich tong hop va giai quyét cac bai
todn trong thyuc té khi 1am mot dy an 16n cho cong ty. Nhan thtrc duogc tam quan trong
do, nhom da lam viéc nghiém tiac van dung nhiing kién thire d3 duge hoc trong thoi gian
& truong, nhitng dong gop ¥ kién ctia ban bé va dic biét 1a sy huéng din cta thiy Nguyén

Khanh Quang dé hoan thanh tét db 4n tot nghiép.

Mac du, ban than da ¢6 gang nhiéu dé hoan thanh do an. Nhung do trinh 6 c¢6 han
nén van con nhirng thiéu sét, nhom do an rat mong dugc sy chi bdo, giup do cua cac

thay c6 dé bai 1am nay ctia nhém duogc hoan thién hon.

Nhom chan thanh cam on dén tit ca thay co khoa Dién ndi riéng va trudng Pai hoc
Bach Khoa Pa Ning n6i chung di tan tinh chi day tir nhitng mon dai cuong dén nhiing
mon chuyén nganh.

Nhom chan thanh cam on quy Cong ty Co phan Sybotix Solution da tao diéu kién
va gitip d& nhom trong thoi gian 1am dd an. Cam on cac anh ki su da nhiét tinh huéng
dan va giai dap nhiéu thim méc cho nhom.

Nhom d6 an chung toi gtri 161 chic strc khoe va dat dugc nhiéu thanh cong trong
cong viée cling nhu trong cudc séng sau nay dén thay Nguyén Khanh Quang va toan thé
Thay, C6 giao Truong Pai hoc Bach Khoa Da Nang.

Chung toi xin chan thanh cam on!
Pa Nang, ngay 22 thang 06 nam 2025
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LOI CAM POAN LIEM CHINH HQC THUAT
Nhém dd an cam doan: Dé tai “Ung Dung Cong Nghé Truyén Thong EtherCAT
Dong Bé Héa Toc Do Pong Co trong Hé Thong Piéu Khién Thoi Gian Thuce” dugc
thuc hién véi su ¢b géng ctia nhom, tu nghién ctru va thi nghiém dudi sy huéng dan cua
thay.
Céc sb liéu va két qua nghién ctru trong dy 4n 1a trung thuc va hoan toan khong
sao chép hodc sir dung két qua cuia dé tai nghién ctru nao twong tu. Néu phat hién c6 sy

sao chép két qua nghién ctru cua dé tai khac, nhom xin hoan toan chiu trach nhiém.

Nhom sinh vién thuc hién

Nguyén Vin Quang Tran Tuén Linh Lé Ngoc Hiéu
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Pé tai: Ung Dung Cong Nghé Truyén Thong EtherCAT Ddng B Hoa Toc Do Pong Co Trong Hé Thong Diéu
Khién Thoi Gian Thuc

MO DPAU

1. Muc dich thye hién du an:

Capstone Project 1a mot trong nhitng hoc phan bit budc va rat quan trong doi véi
chuong trinh dao tao k¥ su cua khoa Pién truong Pai hoc Bach Khoa — Pai hoc ba
Ning, tir 6 sinh vién c6 thé ty danh gid va hoc hoi thém duoc nhiéu kién thirc méi.
Ngoai ra, sinh vién con c6 thé tip duoc tinh 1am viéc doc 1ap, nham tong quat kién thirc

dé ra truong lam viéc.

Vi vdy, thdy Nguyén Khanh Quang bd mén Tu dong hoa- trudng Pai hoc Bach
Khoa — Pai hoc Pa Nang tao diéu kién thuén loi va tot nhat cho nhom thuc hién tot du
an lan nay.

2. Muc tiéu dé tai:

Dé tai nay tdp trung vao cdc muc tiéu sau:

—  Tim hiéu giao thitc EtherCAT va ung dung trong hé thong.

—  Thiét ké m6 hinh diéu khién ddng bd hai dong co BLDC sir dung TwinCAT lam
master, STM32 lam slave thong qua EtherCAT Click.

—  Panh gia hiéu qua diéu khién dong bo téc d6 dong co trong thoi gian thurc.
3. Pham vi va d6i twong nghién ctru:

—  Pham vi nghién ctru: Giao thirc truyén thong EtherCAT trong hé thong diéu
khién thoi gian thyc.

—  Pbi tuong nghién ctru: Hé thong cap 1énh va dicu khién dong bo hai dong co
BLDC thong qua mang EtherCAT.

4. Phuwong phap nghién ctru:
—  Khao sat hé théng diéu khién sir dung giao tiép EtherCAT két hop SPI
—  Nghién ctru céc tai liéu lién quan duoc doanh nghiép cung cap.

—  Phan tich quy trinh truyén nhan dit liéu va diéu khién téc do dong co trong hé

thong.
—  Pé xuit va thir nghiém phuong phap diéu khién, giam sat toc do dong co BLDC
ddng bo.
SVTH: Nguyén Vin Quang GVHD: Ts. Nguyén Khanh Quang 1
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Dé tai: Ung Dung Cong Nghé Truyén Thong EtherCAT DPong Bo Hoa Téc Po Dong Co Trong Hé Thong Diéu
Khién Thoi Gian Thuc

CHUONG 1: TONG QUAT VE HE THONG PONG BQ TOC PO
PONG CO SUDUNG ETHERCAT

1.1. Gi6i thiéu chung vé dé tai

Pong bo hoa toc do dong co 1a mot yéu cau quan trong trong cac hé thong diéu
khién hién dai, dic biét trong cac img dung cong nghiép nhu ddy chuyén san xuét, robot
song song, hodc cac hé thong cin sy phdi hop nhip nhang giira nhiéu co cdu chuyén
dong. Vi sy phat trién manh mé& cta cong nghé truyén thong thoi gian thie, EtherCAT
d3 trd thanh mot trong nhirng giao thirc truyén théng phd bién nho vao tdc do cao, do
tin cay va kha nang m¢ rong linh hoat.

Trong dé tai ndy, chung toi nghién ctru va thiét ké hé thong diéu khién dong bo toc
d6 cho hai dong co khong chdi than (BLDC) str dung nén tang giao tiép EtherCAT. Hé
thdng sir dung phan mém TwinCAT chay trén PC dong vai tro 1a master, két ndi toi cac
slave 14 vi diéu khién STM32 thong qua module EtherCAT LAN9252. Dir lidu diéu
khién va phan hoi duogc truyén thoi gian thue, tir d6 giup hai dong co van hanh mdt cach

dong bo vé toc do va vj tri.
1.1.1.  Phdn logi cic hé théng dong bé

—  Pong bd cing (Hard Synchronization): Cac hé thng yéu cau dong bo tuyét ddi
vé tde do va vi tri gilta cac dong co, vi du nhu robot song song hodc hé théng n

da truc.

~ Pong bé mém (Soft Synchronization): Cho phép sai s6 nhé giita cac truc, phu
hop v6i cac hé thong it doi hoi vé chinh xac tuyét doi.

— Pong bd c6 kiém tra phan hoi: Hé thong sir dung cam bién dé thu thap thong tin
phan héi vé toc do/goc quay nham diéu chinh chinh xac tbc do giita cac dong co.

1.1.2.  Dic diém ciia hé théng dong b

— Hé théng ddng bo tdc dd can dam bao do tré truyén dir liéu va phan hoi nhanh.

—  Doi héi thuat toan diéu khién chinh xac, thudng tich hop PID, kiém tra phan hoi
encoder.

—  Su 6n dinh phy thudc nhiéu vao giao thirc truyén thong gitta cac thanh phan trong
hé thong.
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Pé tai: Ung Dung Cong Nghé Truyén Thong EtherCAT Ddng B Hoa Toc Do Pong Co Trong Hé Thong Diéu
Khién Thoi Gian Thuc

1.2. Nguyén ly hoat dong
1.2.1. Céu triic chung ciia hé thong

—  TwinCAT Master (PC): Guri tin hiéu diéu khién toc d6 va thong sb PID dén céac
Slave va nhan lai tin hi¢u phan hoi tur dong co.

—  EtherCAT Slave (LAN9252 + STM32F446): Nhan dir liéu tir master, truyén qua
SPI dén STM32 diéu khién dong co, va nhan phan hoi tir STM32 diéu khién dé
guri vé PC.

— Vi diéu khién diéu khién dong co (STM32F446): Diéu khién dong co dya trén
dtr 1iéu nhan duoc, déng thot doc encoder va truyén dir 1iéu phan hoi.

—  Giao tiép SPI: Str dung d¢é truyén dit liéu giira cac tang vi diéu khién voéi toc do
cao va do chinh xac cao.

Hé théng dam bao qué trinh truyén va xir 1y dit liéu theo thoi gian thyc, gitp hai dong
co hoat dong déng bo vé toe do va vi tri thong qua kiém soat vong kin.
1.2.2. Logic vdn hanh ciia hé thong

Buéc 1: Khéi tao hé thong:

+ May tinh (PC) chay phian mém TwinCAT 3 khoi tao ché do Master
EtherCAT.

+ Cac thiét bi slave (LAN9252 + STM32F446) dugc nhan dién va anh xa PDO
thong qua TwinCAT.

Buwéc 2: Truyén dir liéu diéu khién tir Master:

+ PC gui chu ky dit liéu diéu khién (t6c ¢ tham chiéu, thong s6 PID, enable...)
qua EtherCAT dén céc slave.

+ Chu ky truyén dién ra vé6i thoi gian thuc khoang 1ms.

Budce 3: Xir ly dir liu tai slave:

+ LAN9252 nhan géi dit liéu EtherCAT va chuyén tiép qua giao tiép SPI cho
STM32F446.

+ STM32F446 phan tich géi tin, tach cac gia tri diéu khién, sau d6 diéu khién
theo thuat toan FOC.

—  Buéc 4: Piéu khién dong co:
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+ STM32F446 xtr Iy dit liéu nhan dugc, 4p dung thuat toan diéu khién (PID) va
tao tin hiéu PWM dé diéu khién dong co BLDC thong qua thu vién
SimpleFOC.

+ Dong thoi, doc encoder dé 13y gia tri goc va tdc do thuc té ciia dong co.
—  Buéc 5: Giri dir liéu phan hbi:

+ STM32F446 dong goi dir liéu va truyén nguoc vé PC théng qua LAN9252 va
EtherCAT.

— Buéc 6: Pong b toc do:
+ Truong hop 1: Giri 1énh xudng hai dong co cing lic

e PC (hé théng TwinCAT) giri cac tham so diéu khién dén ca hai dong co
BLDC thong qua giao tiép EtherCAT theo chu ki hoat dong ctia SYNCO

e (Cahai dong co s€ nhan 1énh diéu khién cung lac, dam bao bat dau chuyén

dong dong bo.
+ Trwong hgp 2: Mot dong co quay tay, dong co kia quay theo
e Mot dong co s& dugc didu khién thi cong bang tay quay

e Dong co con lai (dOong co theo sau) s€ nhan tin hi¢u tir dong co dan dau va

tu dong quay theo voi cung vi tri.
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Khién Thoi Gian Thuc
CHUONG2: LY THUYET PIEU KHIEN THOI GIAN THUC VA
CONG NGHE ETHERCAT

2.1. Gi6i thiéu vé hé thong diéu khién thoi gian thwe (RTCS)

Hé théng diéu khién thoi gian thuc (Real-Time Control System — RTCS) 13 mot trong
nhitng linh vuc quan trong nhét cua tu dong hoa va diéu khién hién dai. Trong cac hé
thong nay, hoat dong xir 1y dit liéu va phan hdi khong chi yéu cau ding vé mat logic ma
con ding vé mit thoi gian. No6i cach khac, mot hé thong thoi gian thuc phai dam bao
rang két qua du ra duoc tao ra trong mot khoang thoi gian xac dinh trude, néu khong
toan bo hé théng ¢ thé khong hoat dong ding, din dén hau qua nghiém trong.

2.1.1. Khdi niém co ban

Mot hé thong thoi gian thuc ¢6 thé duoc dinh nghia 1a hé thong trong d6 thoi gian xir 1y
1a mot rang budc thiét yéu, cht khong don thuan 1a yéu td toi wu. Vi du, trong mot hé
thong diéu khién dong co, néu tin hié¢u didu khién dugc giri tré so voi thoi diém mong
mudn, dong co c6 thé van hanh khong chinh xéc, gay ra rung lic, mat can bang hodc hu
hong thiét bi.

Real time operating system

Man-Machine Instrumentation
Interface Interface

Real-Time Controlled

Operator Computer

S Object

Hinh 2.1: Hé thong thoi gian thiee

RTCS thuong bao gom:
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—  Céc bd vi diéu khién hodc vi xtr Iy 1am nhiém vu xtr Iy dit liéu.

~  Cam bién (sensor) va bo truyén dong (actuator) dé twong tac véi méi trudng vt
ly.

—  Céc giao thirc truyén thong dé trao doi dir liéu giita cac thanh phan hé thong, dic

biét khi c6 nhiéu thiét bi can dong bd v6i nhau.
2.1.2. Phdn logi hé théng thoi gian thuce

Tuy theo mirc d6 nghiém ngit vé thoi gian dap tng, hé théng RTCS duoc chia thanh hai
loai:

— Hé théng thoi gian thyc cing (Hard Real-Time Systems): Day 14 loai hé thong
ma moi tac vu déu phai duoc thuc hién trong khoang thoi gian quy dinh tuyét
d6i. Bat ky sy vi pham nao vé thoi gian ciing dugc xem 14 18i nghiém trong. Cac
hé théng diéu khién tén lira, may bay, thiét bi y té ctru sinh, va cac hé thong CNC
tdc d6 cao 1a vi du dién hinh.

— Hé thdng thoi gian thuc mém (Soft Real-Time Systems): Trong hé thong ndy, céc
tac vu van nén duoc thuc hién trong khoang thoi gian nhét dinh, nhung mdt vai
lan vuot qué giéi han van c6 thé chép nhan duogc. Cac hé théng multimedia, tro
choi dién tir, hodc diéu khién méi trudng thong minh (nhu HVAC) thuong thudc

nhém nay.
2.1.3. Dic diém ky thugt ciia hé théng RTCS

Mot hé théng RTCS hiéu qua can c6 cac dic diém sau:

‘ 7CHARACTERISTICS OF RTCS

Predictability

Performance

Hinh 2.2: Pdc diém cia hé thong RTCS
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—  Tinh x4ac dinh (Determinism): Hé thdng phai phan hdi véi dau vao trong mot
khoang thoi gian nhat dinh da biét trudc.

— Tinh tin cdy (Reliability): Hé thong phai hoat dong 6n dinh, khong bi 151 hoic
treo trong qua trinh chay.

— Tinh sin sang cao (High Availability): Pic biét quan trong trong cac ung dung
cong nghiép lién tuc.

—  Tinh mé rong (Scalability): D& dang mé rong sd lugng thiét bi hodc pham vi diéu
khién.

—  Tinh dy doan (Predictability): Hé théng phai dam bao ring cac nhiém vu hoic su
kién s€ dugc thuc thi trong mot khung thoi gian xac dinh trude, dam bao tinh

dang han.
2.1.4. Vaitro cua RTCS trong cong nghiép hién dai

Trong thoi dai cong nghiép 4.0, cac hé théng diéu khién thoi gian thuc dong vai tro

xuong song trong viéc tu dong hoa cac day chuyén san xuat. Chung giup:

— Tang hiéu suat san xuat nho kha ning diéu khién chinh x4c va phan hoi nhanh.
— Pam bao chat lugng san pham thong qua kiém soat chit ché ting cong doan.

~  Giam thiéu rui ro va tai nan, dic biét trong moi trudng co yéu cAu an toan cao.

—  Tiét kiém chi phi van hanh bang cach giam sai sét, giam hao phi nguyén vat liéu

va nang luong.

Véi xu hudng ngdy cang phd bién cia cac hé théng nhing (embedded systems) va
Internet Van Vat Cong Nghiép (IIoT), nhu ciu vé cac hé théng RTCS c6 do chinh xéc
va d0 tin cdy cao ngay cang ting. Tuy nhién, mot trong nhitng thach thirc 16n nhét cua
RTCS chinh 14 kha ning truyén thong giita cac thiét bi trong hé thdng — truyén dit liéu

nhanh, 6n dinh, va déng bo hoa chinh xac theo thoi gian thyc la yéu td séng con.

Diéu nay dan dén viéc lwa chon céc giao thirc truyén thong chuyén biét nhu EtherCAT
— giao thirc ndi bat voi kha ning truyén thong tde do cao, do tré thap va dong bo hoa tét
giita nhiéu thiét bi — tré thanh hudng di chién luoc trong viée xay dung cac hé thong

diéu khién thoi gian thyc hién dai.
2.2.  Yéu cau vé truyén thong trong RTCS

Trong cic hé thong diéu khién thoi gian thuc (RTCS), truyén thong giita cac thiét bi
dong vai tro then chét trong viéc dam bao hé thong hoat dong dung thoi gian va dung
chtrc nang. Dt li¢u can dugc trao doi lién tuc va chinh xac gilta cac thanh phﬁn nhu cam
bién, bo diéu khién (controller), bd truyén dong (actuator), va hé thong giam sat trung
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tam. Do d0, hé thng truyén thong trong RTCS phai dap tmg dwoc nhiéu yéu cau khat

khe vé hiéu nang, do 6n dinh va kha nang dé)ng b0 hoa.
2.2.1. Tinh xdc dinh va dj tré thip

Mot trong nhiing yéu cau quan trong nhat 13 tinh xac dinh (determinism) trong truyén
thong. Diéu nay nghia 1a thoi gian truyén dit liéu tir thiét bi ndy sang thiét bi khac phai
luén luén nam trong mot khoang xac dinh trude, khong duge dao dong hodc thay ddi

ngau nhién nhu cac mang truyén thong phi thdi gian thue (vi du: Ethernet thong thuong).

Bén canh d6, do tré truyén thong phai thap va 6n dinh, tirc 1a thoi gian tir khi dir liéu
dugc giri dén khi duoc nhan va xir 1y phai dii nhanh dé dap tmg cac chu ky diéu khién
rat ngan, c6 thé chi vai mili-gidy, tham chi vai chyc micro-gidy trong cac ing dung cong

nghiép téc d6 cao nhu:

—  Piéu khién toc do va vj tri dong co servo

— Piéu khién robot cong nghiép da truc

— Hé thong can bang hodc 6n dinh quy dao
2.2.2. Bang thong du lon va kha nang mo rong

RTCS yéu cau bang thong truyén thong du 16n dé c6 thé truyén dong thoi mot luong 16n
dir lidu tir nhiéu thiét bi, dac biét khi hé thong md rong vé quy mod (nhidu cam bién,
nhiéu truc diéu khién). Giao thirc truyén thong can phai hd tro viée truyén dit liéu theo
chu ky (cyclic data exchange), cling nhu truyén sy kién bat thuong (acyclic/event-driven

messaging).

Thém vao d6, hé théng truyén thong ciing can hd tro tot cho kha ning mé rong — cho
phép d& dang thém thiét bi moi (plug-and-play), khong 1am anh hudng dén d6 tré hay

su 6n dinh caa hé théng dang van hanh.
2.2.3. Déng b héa thoi gian

Trong nhiéu g dung thoi gian thuc, viéc dong bo hoa thoi gian giita cac thiét bi 1a cuc
ky quan trong. Vi duy, khi déng b héa chuyén dong cuiia nhiéu dong co hoic robot, néu
moi thiét bi nhan 1énh diéu khién tai nhitng thoi diém khac nhau, két qua c6 thé gay léch

pha, va cham co khi, hodc mat can béng hé théng.

Do d6, hé théng truyén thong phai hd trg cac co ché dong bo thoi gian chinh xac, chang
han nhu st dung dong ho hé thong toan cuc (Distributed Clocks) hoic céac tin hiéu dong
bd nhu Sync/Sync0 trong EtherCAT.
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Reading of the inputs is

Distributed clocks triggeresd by the local clock

Setting of the outputs is
triggered by the local clock

Reference
Clock

Hinh 2.3: Distributed clocks

Pam bao moi thiét bi cap nhat va thuc hién tac vu trong cung mdt thoi diém chuén.
2.2.4. Tinh tin cdy va kha néng chiu 16i

Truyén thong trong RTCS ciing phai c6 d6 tin cdy cao, tirc 1a kha nang duy tri két nbi
6n dinh trong méi truong cong nghiép khic nghiét (nhiéu dién tir, rung dong, nhiét do...).

Céc giao thirc nén tich hop san cac co ché:
— Phat hién 16i (CRC, watchdogs)
— Truyén lai goi tin bi mat hoic hong
— Ty dong khoi phyc két ndi
— HOd tro cau tric vong dy phong (ring redundancy)

Kha ning ndy gitp hé thong tranh duoc tinh trang treo hoic ding hoat dong khi xay ra
18i truyén thong — diéu khong thé chap nhan duoc trong diéu khién thoi gian thyec.
2.2.5. Dé trién khai va twong thich phdan mém diéu khién
Ngoai cac yéu td k¥ thuat, giao thirc truyén thong duoc chon ciing nén hd tro:
—  Tich hop dé dang vao cac h¢ diéu hanh thoi gian thyc (RTCS) hodc phin mém
diéu khién nhu TwinCAT, Codesys, v.v.
— Cung cép thu vién lap trinh, tai liéu, driver day dii cho vi diéu khién hodc hé
thong nhiing.
— €6 tinh twong thich cao v6i phan cimg céng nghiép hién co, gitp giam chi phi va
thoi gian trién khai hé thong.
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Tir cac yéu cau néu trén, c6 thé thiy rd rang cac giao thirc truyén thong truyén thong
nhu UART, 12C hay SPI khong thé dap ung day du cho hé thong RTCS c6 nhiéu thiét
bi va yéu cdu cao vé dong bo. Nhitng giao thirc mdi nhu EtherCAT, PROFINET,
EtherNet/IP da duogc phat trién dé giai quyét triét dé cac thach thirc nay. Trong dé tai
nay, EtherCAT dugc chon 13 giao thirc truyén thong chinh, do dic tinh wu viét vé tdc
d6, do tré thap, ddng bo hoa tdt va d& tich hop vao hé théng diéu khién thoi gian thuc.

2.3. Gidi thiéu cong nghé EtherCAT

EtherCAT (Ethernet for Control Automation Technology) day 1a mot giao thirc truyén
thong trong cong nghiép, ban dau duoc phat trién boi hang Beckhoff Automation - Mot
thwong hiéu chuyén san xuét cac dong PLC (B¢ diéu khién logic kha trinh) cho cac hé
thong diéu khién thoi gian thyc va ty dong hoa cong nghiép. EtherCAT ra doi vao nim
2003 boi Beckhoff Automation, dugc phat trién dua trén phién ban Fieldbus c6 tén la
LightBus vao cubi nhitng nam 1980. Vao nim 2004, thuwong hiéu nay da trao quyén cho
ETG (EtherCAT Technology Group) — T chirc chiu trach nhiém quang ba tiéu chuan

nay.

Advantech EtherCAT Solutions

* Real Time * Precision = Simpficity » Integration

Hinh 2.4: EtherCAT

Hi¢n nay EtherCAT duoc tiéu chuin héa theo IEC 61158. EtherCAT 1a mot mang m&
Ethernet Master/Slave thoi gian thuc. EtherCAT ban dau duoc phat trién boi hing
Beckhoff Automation - Mot thuong hiéu chuyén san xuat cac dong PLC (B6 diéu khién
logic kha trinh) cho cac hé théng diéu khién thoi gian thuc va ty dong hoa cong nghiép.

EtherCAT str dung giao thirc Ethernet dé truyén dit liéu nhanh chong va dong bo gitta
céc thiét bi trong hé théng. Pac diém chinh cua EtherCAT 14 kha nang truyén dit liéu
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qua nhiéu thiét bi trong mot chudi lién két (daisy-chain) duy nhét, tir 46 giam dang ké
chi phi cap va thoi gian cai dit. EtherCAT cho phép thiét 1ap gii han hiéu suat theo thoi
gian thuc, kha nang xtr 1y 1000 I/O phan tan trong 30 ps hoac 100 tryc trong 100 ps khi

st dung cap soi quang hodc cép xoan.

Mang EtherCAT duoc thiét ké dé hd tro cac ung dung kiém soat thoi gian thuc voi do
tré rat thip va dong bo cao. Giao thirc nay cho phép cac thiét bi két ndi, ddng bo hoa dir
li¢u va hoat dong hi¢u qua trong cac hé théng tu dong hoa phuc tap. EtherCAT da tro
thanh mot cong nghé phd bién trong linh vuc tw déng héa cong nghiép va duogc st dung
trong cac tng dung nhu diéu khién dong co, hé thong diéu khién may moc, robot cong

nghiép va nhiéu tng dung khac trong thoi dai 4.0 ngay nay.
2.3.1.  Uu diém ciia EtherCAT

EtherCAT dong vai tro quan trong trong cong nghiép tu dong hoa hién nay bdi mot ly
do duy nhat d6 chinh 14 d6 chinh xéac vé thoi gian. Viéc khoi dong hay tat hé thdng may
moéc cong nghiép doi hoi khat khe vé sy chinh xac 100% trong thoi gian, thao tac voi do
tré & murc thap nhat. EtherCAT la giao thuc truyén thong cho phép truyén dit liéu nhanh
chong va dong bo gitta cac thiét bi trong hé thong.

— Uu diém cia EtherCAT:

+ Hiéu suit cao: cdu tric cua giao thic truyén thong cong nghiép EtherCAT
nhanh nhat véi tbc do 200 Mbps (ché d6 song cong Duplex = 100 Mbps x 2).
Do chinh xac cao vé yéu tb thdi gian véi do tré chi 1 ps.

CAu trac lién két linh hoat: M6 hinh EtherCAT c6 thé dugc thiét 1ap theo
vong, thang, ciy, sao khong gidi han.

Kha ning md rong mang gan nhu vo han.

Thao tac dé dang: EtherCAT Master s& tu dong gan dia chi node va giri thong
bao dong b thoi gian cho timg thiét bi trong mang.

+ CAu hinh don gian: EtherCAT khong sir dung dia chi IP hodc dia chi MAC dé
hoat dong.

+ Gia ca phai ching: EtherCAT c6 murc gia trién khai twong tu hodc thip hon
so v&i mang Fieldbus thong thuong.

2.3.2. Caclop vit ly ciua EtherCAT

EtherCAT su dung cung mdt 16p lién két vat ly va dir liéu cua Ethernet, duoc thé hién
bén dudi:

Mo hinh tham chiéu OSI ¢6 7 16p, mbi 16p dai dién cho mét chirc ning truyén thong:
SVTH: Nguyén Vin Quang GVHD: Ts. Nguyén Khanh Quang 11
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7 Layers EtherCAT

[
>

Hinh 2.5: Lop lién két vdt Iy va dit liéu ciia Ethernet

— Lo&p 7 - Application Layer (AL): Tuong tac gitra nguoi dung va mang, cung

cap giao dién cho tmg dung.

— Lop 6 - Presentation Layer: Pinh dang dit li¢u (nén, ma hoa).

— Lp 5 - Session Layer: Quan 1y phién két ndi.

— Lép 4 - Transport Layer: Dam bao truyén di liéu an toan (TCP, UDP).

— Lép 3 - Network Layer: Dinh tuyén goi tin (IP).

— Lp 2 - Data Link Layer: Quan 1y truyén tin hiéu qua mdi truong vat 1y,

— Lép 1 - Physical Layer (PL): Truyén dit liéu qua cap hodc tin hiéu vo tuyén.

T6i wu hoa cia EtherCAT:
EtherCAT t6i wu hoa quy trinh truyén thong bang cach:
— BO qua céc 16p 3 dén 6 trong mo hinh OSI:

+ Thay vi str dung giao thirc IP (Internet Protocol) va giao thic truyén tai
(TCP/UDP), EtherCAT truyén dir liéu thang tir Data Link Layer (16p 2) 1én
Application Layer (16p 7).

+ Giam thiéu d6 tré trén mang, giup truyén théng thoi gian thuc hiéu qua hon.

— Khai thac hi¢u qua MAC (Media Access Control):

+ EtherCAT str dung céc cach truy cdp kénh truyén vat 1y tdi vu hoa dé truyén

g01 tin nhanh chong.
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CoE,
EoE,
FoE,
SoE,
VoE

Transport

S Network

EtherCAT —

Ethernet
cable
(100BAS
E-TX)

Hinh 2.6: Lép lién két vt Iy va dir liéu ciia EtherCAT

— Tinh linh hoat véi cac dir lidu:
+ Dir liéu thoi gian thuc (“Real-Time Data™) truyén thang tir EtherCAT MAC
dén Application Layer.
+ Dit liéu tiéu chuan (“Standard Data”) c6 thé truyén qua giao thire TCP/UDP
khi can.
Lép vatly EtherCAT (EtherCAT Physical Layer):
— Ethernet 100BASE-TX:
+ Sir dung cap xodn doi (twisted pair, CATS5).
+ Tdc d6 truyén: 100 Mbps.
+ Khoang cach: Téi da 100m giira hai thiét bi.
— FEthernet 100BASE-FX:
+ Su dung cap quang (fiber optic).
+ Chi hoan hao cho méi trudng nhiéu nhiéu dién tur.
+ Khoang cach: Vai km tuy thudc loai cap.

Lép lién két dir li¢u (Data Link Layer):
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— EtherCAT dua trén 16p lién két dit liéu cua Ethernet nhung duogc tdi wu hoa dé
tang hiéu suit:
— Loai bo cac 16p cao hon nhu 16p Mang (IP) va 16p Truyén tai (TCP/UDP) nhim
giam do tré.
— Pay la noi dit liéu duge ma hoa thanh cac goi va truyén di trong mang.
— St dung co ché "on the fly" dé xtr Iy di liéu tryc tiép khi goi tin di qua cac Slave
ma khong can ding lai.
— Tap trung vao viéc dam bao thoi gian chu ky chinh xac va hiéu qua truyén tai.
2.3.3. Nguyén ly hoat dong ciia EtherCAT
Chudi lién két (daisy-chain): Cac thiét bj EtherCAT duogc két ndi thanh mot chudi lién
két vat 1y thong qua cap Ethernet. M&i thiét bi slave trong chudi nhan dit liéu tir thiét bi
trude d6 va chuyén tiép dir liéu dén thiét bi ké tiép trong chudi. Piéu nay cho phép truyén

dir liéu qua cac thiét bi mot cach nhanh chong va hi¢u qua.

..‘...“‘..‘.‘
LT

Hinh 2.7: Két néi thanh chudi ciia cdc thiét bi EtherCAT

Frame EtherCAT: D li€u trong mang EtherCAT dugc go6i gon trong cic frame
EtherCAT. Mdi frame chtra cac truong dit liéu nhu tiéu dé frame, di liéu 1/O, dir liéu

diéu khién va kiém soat, va kiém tra du.

EtherCAT Master: La mot thiét bi c6 kha nang diéu khién toan bd mang EtherCAT.
EtherCAT Master tao ra cac frame EtherCAT va giri chiing xudng chudi lién két thiét
bi. Master cling c6 kha nang thu thap dir li€u tir cac thiét bi slave va diéu khién chung

theo yéu cau.

Thiét bi EtherCAT Slave: La céac thiét bi trong mang EtherCAT, chéng han nhu cam
bién, bo diéu khién, dong co, hay bat ky thiét bi nao khac. Mdi slave dugc gan vai mot
dia chi duy nhat va c6 kha nang truyén va nhan dit liéu trong cic frame EtherCAT.
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Truyén dir liéu theo thoi gian thuc: Dit liéu trong mang EtherCAT duoc truyén qua céc
frame EtherCAT theo thoi gian thuc. Master giri frame xudng chudi lién két va cac slave

nhén va xir Iy frame theo thoi gian dong bé.

Kiém soat va ddng bo: EtherCAT Master kiém soat toan bo qua trinh truyén thong va
dé)ng b0 hoa dir li€u trong mang dya trén vi¢c gui cac Iénh va yéu cau dén cac EtherCAT
Slave phan hoi theo yéu cau. Didu ndy cho phép master kiém soat va twong tic voi cac

thiét bi slave theo yéu cau cia ing dung.

DPong bd hoa thoi gian thyc (Distributed Clock): Ethercat st dung co ché dong hd phan
tan dé déng bo tat ca cac thiét bi trong mang v&i do chinh xac & mire 1ns. Master phat
tin hiéu dong bd va mdi slave tu diéu chinh dya trén tin hidu nay. T6i vu hoa thoi gian
thie nho: khong chd tin hiéu phai hoi tir ting thiét bi, ma master guri dir liéu theo chi ky

dinh san

2.3.4. Khung truyén EtherCAT

Ethornet H Ethernet Data | Fes |
14 Byte 2 Byte 44°.1498 Byte 4 Byte
Ethernet H|Len | 0 | 1+~ EtherCAT Datagrams | Fcs |
[ 1% EtherCAT Datagram | 2. | | #® EtherCAT Datagram |
10 Byte max. 1486 Byte '2' Bste-..
| Datag. Header | Data | wxe |
G '.\ N'-\}):&Tih'rn;ng Counter
8Bt 881 32 Bit 180 2 1 1 11684
| cmd | 1ax | Address | Jon |R[C[R[M| rQ |

AR}

woulating Datagram?  More EtherCAT Datagrams?

Hinh 2.8: Khung truyén dit liéu EtherCAT

EtherCAT la mot giao thuc truyén thong dua trén Ethernet, dugc thiét ké dac biét cho
cac hé thong thoi gian thuc yéu cau do tré thip va ddng bo hoa cao. Khung truyén
EtherCAT duoc xay dung dua trén dinh dang Ethernet ti€u chuén, nhung duoc tdi wu

hoa dé dat hiéu suit cao.
Nhu hinh minh hoa, khung truyén EtherCAT bao gdm ba phén chinh:

— Ethernet Header
— EtherCAT Data

— FEthetnet
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Ethernet Header:
— EtherType (2 bytes): Loai giao thirc. EtherCAT str dung gia tri 0x88A4.
— Phén dau cta khung Ethernet chira thong tin diéu khién va dinh danh can thiét dé
truyén dit liéu qua mang.
— Destination MAC Address (6 bytes): Pia chi MAC cua thiét bi nhan (thuong 1a
broadcast).
— Source MAC Address (6 bytes): Dia chi MAC cua thiét bi giri.

EtherCAT Data:

Ethernet EtherCAT
Header Header

Hinh 2.9: Cdu triic ciia EtherCAT Data

EtherCAT Header:
— Length (11 bit): BJ dai dit liéu EtherCAT.
— Res. (1 bit): Reserved bit (bit du phong, khong st dung).
— Type (4 bit): Loai dit liéu EtherCAT.

Datagram:

Hinh 2.10: Cdu triic ciia Datagram

— Datagram Header: Phan d4u cua datagram chtra thong tin diéu khién can thiét dé
xac dinh cach xir 1y va dinh danh géi dit liéu. Thong tin nay c6 thé bao gom dia
chi, loai dir li¢u, va cac thong tin diéu khién khac.

— Data: Phan chinh cta datagram, chira dir liéu thuc té duoc truyén tai giira cac
thiét bi trong mang EtherCAT. Dt li¢u nay co thé 1a thong tin tr cam bién, 1énh
diéu khién, hodc bat ky thong tin nao can thiét cho hoat dong cua thiét bi.

— Working Counter: Mot bd dém cho biét s6 lan datagram da dugc xu 1y hoac sb
lan truyén tai. Thong tin nay co6 thé duoc st dung dé theo ddi trang thai cia

datagram va dam bao rang no6 di dugc xir Iy dung cach.

— Ethernet FCS (Frame Check Sequence): Phan niy chira thong tin kiém tra 13i,

thudng duge goi 1a kiém tra CRC (Cyclic Redundancy Check).
SVTH: Nguyén Vin Quang GVHD: Ts. Nguyén Khanh Quang 16
Tran Tuan Linh
Lé Ngoc Hicu




Pé tai: Ung Dung Cong Nghé Truyén Thong EtherCAT Ddng B Hoa Toc Do Pong Co Trong Hé Thong Diéu
Khién Thoi Gian Thuc

N6 duoc st dung dé xac minh tinh toan ven cua dix liéu trong khung Ethernet. Néu dir

liéu bi 13 trong qua trinh truyén tai, phan FCS s& gitip phat hién 15i do.

Dir liéu Qua trinh:

2 | e
N TT] [vooes | [ eooes |
=1~ =121

Hinh 2.11: Cdu triic mau ctia mét khung truyén

Trong mdi chu ky, master EtherCAT sé& tap hop dif liéu vao khung truyén (frame) va giri
né dén céac node trong mang. Cac node doc dit liéu duoc guri dén chung va ghi dir li¢u
phan hoi méi vao khung truyén khi né di chuyén xudng ludng. Khi khung truyén dén
cudi mang va quay tré lai master, master s& doc dir liéu méi va xdy dung khung truyén
tiép theo. Dir liéu duogc trao doi giita master va cac slave nay duoc goi 1a dir liéu qua

trinh tuan hoan (cyclic process data).

Céc thiét bi slave st dung B0 Quan 1y Bo nh¢ Fieldbus (FMMU) chiu trach nhiém doc
va ghi dit liéu ctia chung vao ding vi tri trong khung truyén. Diéu nay duogc goi 1a anh
xa dit liéu (data mapping) va rat quan trong dé dam bao thiét bj master EtherCAT nhan
dugce mot hinh anh qua trinh hoan chinh va duoc sip xép trong mdi chu ky. Dir liéu qua
trinh tudn hoan c6 thé duoc tap hop theo nhu cau cua du 4n béng cach kich hoat cac dbi
tuong dir liu qua trinh tiy chon. Viée t6 chire dir liéu qua trinh theo cach nay cho phép
EtherCAT dat duoc hiéu suat nhanh va dang tin cay.

Ho so giao tiép va giao thirc hop thu:

Ngoai dit liéu qua trinh tuan hoan, EtherCAT con hd tro giao tiép phi tuan hoan, bao
gdm cac giao thirc hop thu khac nhau. Cac ho so giao tiép EtherCAT dugc xdy dung
nham hd tro nhiéu thiét bi hién truong va cac 16p ing dung hon. Theo dic di EtherCAT,
cac thiét bi slave khong bat budc phai hd tro tit ca cac hd so giao tiép; thay vao do,
chung c6 thé hd tro mot hodc nhiéu hd so phi hop nhit voi trudong hop sir dung cua
minh. Hon nita, trdi nguoc voi dir liéu qua trinh tuan hoan, viéc truyén dir 1iéu giao thuc

hop thu khong dugc dam bao tudn thu bat ky rang budc thoi gian thuc nao.
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CAN Application Protocol over EtherCAT (CoE):

CANopen® 1a mét giao thirc giao tiép phd bién cho cac hé thdng nhung, thudng dugc
st dung trong cac tng dung ty dong hoa. Ho so giao tiép EtherCAT goi 1a CoE cho phép
trién khai Giao thirc Ung dung CAN trén mang EtherCAT. Diéu nay bao gdm hd tro tir
dién d6i twong (Object Dictionary) CANopen, anh xa cac Déi twong Dit liéu Qua trinh
(PDO), cac thong bao 151 khan cip cua CoE, chan doan, va cac Dbi tuong Dit liéu Dich
vu (SDO).

CoE SDO (Service Data Object) services
Upload Upload

v
A

Upload ]Rgsponse

OD List _ OD List
“‘ [ |
Info | Object Desc -~ Object Desc | Upload

>

Request [ Download

v
A

A
A

MainDevic

N
A

<

L Entry Desc Entry Desc J

<
«

\ 4

Abort

<
%

SubDevice

Hinh 2.12: Luéng Dich Vu CoE SDO trong EtherCAT

Hon nita, nhiéu ho so CANopen ti€u chuén, chéng han nhu hd so CiA 402 cho cac bod
truyén dong va hd so CiA 406 cho cac bd ma hoa, co thé dugce tai sir dung trong giao
tiép EtherCAT. CoE thuong dugc str dung khi cac tham sb cu thé cua du an duge gui
dén thiét bi slave trong qua trinh khoi dong theo cau hinh mang. Céc tham sd cua thiét
bi slave ciing c¢6 thé dugc kiém tra va chinh stra khi mang dang & trang thai hoat dong
thong qua CoE.

Object Dictionary:

Céc thiét bi EtherCAT chira rat nhiéu muc dir liéu (d6i trong) c6 thé can truy cap dé cdu
hinh va trong qua trinh van hanh thong thudng. Nha san xuét thiét bi tao ra cac dbi tuong
nay. Cac d6i tuong thay doi tuy theo thiét bi va thuong c6 nhiéu diém chung gitra cac
thiét bi.

Object Dictionary 1a danh sach céac dit liéu (d6i tuong) cé thé truy cap trong mot thiét bi
EtherCAT. Object Dictionary cung cap céac kiéu dir liéu va kha nang truy cap cua cac
d6i tugng, chang han nhu chi doc (read-only), doc/ghi (read/write), dia chi (Index) va
Subindex giup dinh vi va truy cdp ting muc dit liéu, v.v. RMC hd tro giao thirc
CANopen over EtherCAT (CoE), dugc hau hét cac thiét bj EtherCAT hd trg. CoE dinh

nghia cach dinh dia chi (Index) va kiéu dit liéu cua cac dbi twong. Tuy nhién, RMC
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khong hd tro truc tiép SERCOS over EtherCAT (SoE), vi SoE str dung mot phuong

phap dinh dia chi khac.

Céu tric Object Dictionary:

Bang 2.1:

Phdn viing chi sé doi twong (Object Dictionary)

Object Index Range | Description

0x1000 — Ox1FFF

Khu vire giao tiép CoE (dwgc cdu hinh béi SDK)

0x2000 — Ox5FFF

Khu vuc cu thé ctia nha san xuat

0x6000 — 0x9FFF

Khu vuce ho so

a. Khu vuec giao tiép (0x1000 — 0x1FFF)

Nhirng d6i twong nay cung cip thong tin vé danh tinh thiét bi, phién ban phin mém va

phan ctng, phan bé SyncManager, cau hinh 4nh xa PDO cung véi cac cai dat khéc.

Nhitng doi tuong nay dugc tao tu dong bdi SDK st dung thong tin dugce cung cép béi

cac ham APL
Badng 2.2: Tir dién doi twong chi tiét
Index Tén Chtrc nang/API lién quan

0x1000 Loai thiét bi (Device Type) EC API SLV setDeviceType
0x1001 Thanh ghi 16i (Error Register) | EC_API SLV setErrorRegister
0x1008 Tén thiét bi (Device Name) | EC_API SLV setProductName
0x1009 Phién = ban  phan clng | g App g1V setHwVersion

(Hardware Version) - = -
0x100A Phien ~ ban  phan  mém | p spy g1y getSwVersion

(Software Version) - - -

A ia A, - .| Bao gdm Vendor ID, Product

0x1018 Nhgn dién thiét bi (Identity Code, Revision Number, Serial

Object)

Number

0x1600 Ao Tu dong tao dua trén cdu hinh
0x17FF RxPDO dau vao PDO
0x1A00 A Tu dong tao dua trén ciu hinh
0x1BFF TxPDO dau ra PDO
0x1C00 Loal quan 1y dong b6 (Sync | 1, i+ ¢ono bei SDK

Manager Types)
Ox1C10 Gan PDO cho Sync M Tao ty dong bi SDK
0x1C13 a cho Sync Manager | Tao tu dong bd
0x1C30 A A2 A iy
0x1C33 bong bo héa Sync Manager | Tao tu dong bdi SDK

b. Khu vuc cu thé ciia nha sian xuit (0x2000-0x5FFF)
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Céc d6i twong danh riéng nha san xuét (Vendor-specific objects). Nhitng dbi twong nay

duoc dinh nghia bdi nha san xuat thiét bi. Do do, ching s& khac nhau gitta cac thiét bi.
c. Khu vie ho so (0x6000-0xFFFF)

Nhitng ddi twong ndy duoc dinh nghia bdi mét hd so tng dung chudn. Néu thiét bi sir
dung mot hd so chuén, chéng han nhu CiA-402 cho bd diéu khién dong co, hoac CiA-
408 cho van, thi cac Index nay s€ duogc dién va sé tuong tu nhau gitra cac thiét bi loai

nay.

Bdng 2.3: Phdn viing chi sé dit liéu (PDO Mapping Ranges)

Index Tén
0x6000 — Ox6FFF Tx-mappable, read-only
0x7000 — Ox7FFF Rx-mappable, read-writeable
0x8000 — Ox8FFF Read-writeable, usually not mappable
0x9000 — 0x9FFF Read-only, usually not mappable
0xA000 — 0OXAFFF | Danh cho cac théng tin chan dodn thiét bi
0xF000 — OxFFFF Bao gé)m cac doi tuong dac thu cua thiét bi
Ung dung trong EtherCAT

— PDO Mapping:
+ PDO (Process Data Object): Lam cau ndi truyén dir liéu trong thoi gian thuc
giita cac thiét bi.
+ Object Dictionary duoc str dung dé chon cac d6i tuong can anh xa vao PDO
dé truyén dit liéu nhanh chong ma khong can giao tiép SDO.
— SDO Communication:

+ SDO (Service Data Object): Pugc sir dung dé doc hodc ghi cac ddi twong tir
Object Dictionary.

+ Phu hop cho cau hinh hodc cac yéu cau giao tiép khong thoi gian thuc.
— Giam sat thoi gian thuc: Cac gia tri trong Object Dictionary c6 thé duoc giam sat
qua EtherCAT Diagnostics, trong céc tab:
+ CoE Object Dictionary: Hién thi thong tin c4u hinh cua cac ddi tugng.
+ Process Data: Hién thi gia tri dir li€u thoi gian thuc.
Ethernet over EtherCAT (EoE):
Mot hd so giao tiép manh mé khac 1a Ethernet qua EtherCAT. V&i EoE, luu lugng di

lidu Ethernet c6 thé duoc truyén trong mang EtherCAT. Cac thiét bi switchport c6 thé

duogc sir dung trong phan doan EtherCAT dé két ndi véi cac thiét bi Ethernet nhu may
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tinh va b dinh tuyén. Thiét bi switchport chiu trach nhi¢m chén cac phan doan TCP/IP
vao ludng dit liéu EtherCAT. EoE thudng dugc sir dung dé truy cip may chi web cua
thiét bi slave nham c4u hinh va chin doan thiét bi. Theo cach nay, cac thiét bj xuét hién

nhu thé ching duoc két ndi truc tiép vo1 mot mang cuc bg khong phai EtherCAT.
File Access over EtherCAT (FoE):
Truy cép tép qua EtherCAT, hay FoE, 1a mét giao thirc hop thu phd bién khac duoc sir

dung trong giao tiép EtherCAT. FoE thuong dugc st dung dé cap nhat firmware cho
céc thiét bi trong mang EtherCAT.

2.3.5. Déng bp héa - Pong hé phan tin (DC)

Céc thiét bi phu can duoc dong bd hoa thoi gian dé thyc hién diéu khién chuyén dong
déng bd hoac cac hanh dong d@)ng b6 khac trong mang. Mt cach co thé thuc hién diéu
nay trong truong hop cta EtherCAT 14 sir dung dong ho phan tan.

EtherCAT EtherCAT: EtherCAT:

\ 4

ESC DC ESC DC ESC DC

Master
Slave Slave Slave

Reference
Clock

Hinh 2.12: Béng bé phdn tan

Y tuong co ban 1a sit dung mot dong hd tham chiéu va truyén thong tin qua khung
EtherCAT dé tat ca cac thiét bi slave trong mang biét chinh xac thoi gian trén dong hd
tham chiéu d6 va diéu chinh dong hd cuc bo ctia minh dé khop véi thoi gian tham chiéu.
Master truyén mot thong diép phat quang ba. Thoi gian dén cua khung thong diép nay
duoc ghi lai bai mdi thiét bi slave, mot 1an khi khung di tir master va mot 1an khi khung
quay lai master (EtherCAT la full duplex).

Thong tin di ghi lai sau d6 dugce doc boi master, do tré dén ting slave duoc tinh toan
tuong tmg va do tré nay dugc truyén trong cac khung EtherCAT ké tiép dé chi ra cho
ting slave cach diéu chinh déng hd cuc bd clia minh dé dong bo véi thoi gian tham
chiéu. Khung dic biét nay duoc giri dinh ky dé bu trir tréi hodc nhidu trong mang. Trong

Hinh 2.13, giai doan bu trir tréi dugc thé hién bang cac duong dao dong.
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Initial synchronzation Drift compensation

Hinh 2.13: Bong B¢ Héa va Bii Tréi Sai S6 trong Piéu Khién Thoi Gian Thiee
2.3.6. Diic diém noi bt ciia EtherCAT

EtherCAT s¢ hitu nhiéu vu diém n6i bat khién né trd thanh mot trong nhiing giao thirc

truyén thong cong nghiép pho bién nhat hién nay:

— Tbéc @6 truyén cuc nhanh: Str dung chuin Ethernet vat Iy 100BASE-TX (100
Mbps), nhung hi¢u suat thyc té dat duogc rat cao do co ché xur 1y dir li€u "on-the-
fly".

— Do tré cuc thép: EtherCAT c6 thé dat do tré dudi 100 us cho ca hé théng nhiéu
thiét bi — diéu cuc ky quan trong trong hé thong diéu khién thoi gian thyc.

— Pong bo thoi gian chinh xac: H trg co ché Distributed Clocks, gitp dong bo tat
ca cac slave trong hé thong véi sai s6 dudi 1 ps. Pay 13 yéu td then chét trong
viéc dong bo hoa tde dd va vi tri gitra nhiéu dong co.

— Chi phi phan ctng thap: Vi sit dung chuan Ethernet vat 1y thong thuong,
EtherCAT cho phép st dung cap RJ45 tiéu chuén, khong can thiét bi chuyén d6i
phire tap nhu mot s6 giao thice khac.

— Kha ning mé rong t6t: Mot mang EtherCAT c6 thé két ndi 1én dén 65.535 thiét
bi, v6i cdu triic dang chudi (line), vong (ring), sao (star), hodc két hop tiy nhu
cau,

— Tu dong phat hién va cAu hinh thiét bi: Nh& vao co ché hot-plug, cac thiét bi c6
thé dugc gan thém hodc thay thé ma khong can cau hinh lai toan bd hé thong.

— Tuong thich cao: Hé thong c6 thé tich hop dé dang véi phan mém diéu khién
cong nghiép nhu TwinCAT (Beckhoff), Codesys, hodc cic nén tang lap trinh
PLC khac.

2.3.7. Ung dung ciia EtherCAT trong cong nghiép

EtherCAT duogc img dung rong rai trong nhiéu linh vuc:
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—  Diéu khién chuyén doéng (motion control): Bic biét phu hop voi cac hé thong yéu

cau dong bo nhiéu truc dong co véi do chinh xac cao (robot, diy chuyén lip rap).

~  May CNC, in 3D, may déng goi: Noi can diéu khién nhiéu dong co servo va thiét

bi I/O trong thoi gian thyec.

~ O t6 & hang khéng: Ung dung trong hé thng test bench, hé théng mé phong
HIL (Hardware-in-the-loop).

—  Tu dong hdéa nha may thong minh: Trong céac giai phap SCADA, MES, va cac h¢
thong I1oT (Industrial IoT).

Trong dé tai nay, EtherCAT duoc lya chon 1am nén tang truyén thong chinh gilta may
tinh diéu khién trung tim (chay phan mém TwinCAT) va cac thiét bi slave sir dung chip
LANO9252. V&i kha nang truyén dir liéu nhanh, chinh x4c va dong bd hoa hiéu qua,
EtherCAT cho phép hé thong diéu khién va dong bo téc do hai dong co trong thoi gian
thuc, dap ung yéu cau k¥ thuat khét khe cua hé théng diéu khién hién dai.

2.4. Uu diém ciia EtherCAT so véi cac giao thurc khac (CAN, Modbus, v.v.)

Trén thi trudng hién nay ton tai nhiéu giao thirc truyén thong cong nghiép duge sir dung
trong cac hé théng diéu khién tu dong, bao gém Modbus, CAN, PROFIBUS,
PROFINET, EtherNet/IP, SERCOS, va cac bién thé khac nhau cua Ethernet cong
nghiép. Mbi giao thirc c6 uu diém riéng, phi hop véi timng méi trudng va ung dung cu
thé. Tuy nhién, trong bdi canh yéu cau ngly cang cao vé toc do, tinh xac dinh va kha
nang dong bo trong cac hé thong thoi gian thuc, EtherCAT da ching minh duogc nhiéu

loi thé vuot troi so voi cac giao thire truyén thong.

Dudi day 1a mot s6 uu diém noi bat ctuia EtherCAT khi so sanh véi cac giao thirc cong

nghiép phd bién khac:
2.4.1. Téc dp va dj tré

— EtherCAT:
Xtr 1y frame dit liéu theo co ché "on-the-fly", khong can luu va chd xir Iy tai timg
node. Piéu nay giup giam tdi da do tré trong toan mang. Mot chu ky diéu khién
c6 thé chi mat vai ps dén vai trim ps cho toan bo hé théng hang chuc dén hang
tram thiét bi.

— So sanh:
Céc giao thitc nhu Modbus RTU hay CANopen c6 toc do truyén thap (Modbus:
~115.2 kbps, CAN: ~1 Mbps) va truyén dit liéu tuan tu, din dén do tré 16n hon
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va kh6 mé rong hé théng. PROFIBUS va PROFINET c6 hiéu suit khé cao, tuy
nhién van khong dat duoc d tré thap nhu EtherCAT khi sb luong node ting.

2.4.2. Tinh xdc dinh va dong bé héa
— EtherCAT:
Hd tro co ché Distributed Clocks vé&i do 1éch thoi gian gitra cac slave chi con <1
us, cuc ky pht hop cho tng dung dong bd héa dong co nhiéu truc hoic diéu khién
robot.
— So sanh:
Mot s6 giao thitc nhu PROFINET IRT hay SERCOS 111 ciing hd tro dong bd hoa,
tuy nhién can phan ciig phtic tap va cau hinh phtic tap hon. Céc giao thtic thong
thudng nhu Modbus TCP hay EtherNet/IP khong c6 co ché dong hd phan tan, do
d6 khong phu hop cho tmg dung diéu khién real-time c6 dong b cao.
2.4.3. Bang thong va hiéu qua sw dung
— EtherCAT:
St dung bang thong hiéu qua gan nhu t6i da nho viéc goi tin duy nhat di qua tat
ca slave. Ngoai ra, EtherCAT cho phép truy cap I/O truc tiép tai muc bit, rat tiét
kiém dit liéu truyén va tai nguyén xir 1y.
— So sanh:
Cac giao thirc nhu Modbus TCP hoac EtherNet/IP sit dung mé hinh client-server,
yéu cau nhiéu goi tin va thao tac riéng 1é cho mdi thiét bi, din dén lang phi bing
thong khi s6 thiét bi ting 1én.
2.4.4. Don giin vé phin cirng va chi phi trién khai
— EtherCAT:
Co thé sir dung ha tang cap Ethernet tiéu chuan (RJ45/Cat5e), khong can switch
chuyén dung. Pac biét, chip EtherCAT slave co thé tich hop truc tiép vao hé
thdng nhiing, giam chi phi so v4i cac giai phap c6 phan cling trung gian.
— So sanh:
Céc giao thirc nhu PROFINET IRT hoic SERCOS yéu cau phan ctng diéu khién
riéng biét hoic FPGA dit tién. CAN hay PROFIBUS dung chuén vat 1y khac
biét, can thiét bi chuyén doi chuyén dung va ton chi phi hon trong bao tri.
2.4.5. Kha ning mé rong va tw dong phdt hién thiét bj
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EtherCAT:

Hb tro 1én dén 65.535 thiét bi trén mot mang duy nhét. C6 kha nang tu dong phat
hién thiét bi, hd tro hot - plug, thuan tién trong viéc nang cép hoac bao tri hé¢
théng ma khong can dirng toan bo hé thong.

So sanh:

Céc giao thirc nhu CANopen hodc Modbus c6 gi6i han s thiét bi thap (CAN:
~127 node), kha niang phat hién thiét bi va thay thé phan cting han ché.

2.4.6. Tinh mé va cong dong phdt trién
- EtherCAT:
Du duoc phat trién boi Beckhoff, EtherCAT 13 mot tiéu chuan mé (IEC 61158)
va duoc quan 1y bai to chic phi loi nhuan EtherCAT Technology Group (ETG).
Céc cong ty, to chirc, va ca nhan c6 thé ding ky sir dung, phat trién thiét bi twong
thich mot cach minh bach va dé dang.
- So sanh:
Mot s6 giao thire khac c6 thé yéu cau gidy phép riéng hoic thiéu cong dong hd
trg rong 16n nhu EtherCAT.
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CHUONG 3:  PHAN TiCH VA THIET KE HE THONG PONG BQ
TOC PQ PONG CO

3.1. Tong quan vé thiét ké hé thong EtherCAT

Trong cac hé théng diéu khién hién dai, dic biét la trong linh vuc tu dong hda va robot
cong nghiép, yéu cau vé viéc ddng bo hoa tde do va vi tri gitta nhiéu dong co 13 v6 cing
quan trong. Viéc nay khong chi gitip dam bao hiéu suit van hanh 6n dinh ma con 1am
tang d6 chinh xac trong cac mg dung nhu bing tai dong b, canh tay robot, hodc hé

thong truyén dong nhiéu tryc.

MASTER PC

STM32F4 STM32F4
N
SPI UART
1 BORT) ARM Cortex -
TWINCAT 3.1 RTOS 2« njour [ o ARM “c;m-
’7 UART
EtherCAT config
Memory

EtherCAT

=
3
5 STM32F4 STM32F4
7
SPI UART 1/0
ARM Cortex ARM Cortex -
ma ma
UART /o
Memory Memory

Hinh 3.1: Téng quan vé hé théng dong bé dong co

Dé tai nay huéng dén viéc xay dung mot hé théng diéu khién thoi gian thyc, trong d6
hai dong co dugc dong bo toc d6 va vi tri thong qua nén tang giao tiép EtherCAT.
EtherCAT la giao thirc truyén thong Ethernet cong nghiép thoi gian thyc, voi do tré thap,
kha nang mo rong cao va hi¢u suat truyén dir liéu vuot troi. HE théng st dung PC lam
EtherCAT Master, két ndi dén hai vi diéu khién STM32 déng vai tro EtherCAT Slave
thong qua module LAN9252, va thyc hién thuét toan FOC dé diéu khién hai dong co
BLDC.

Téng thé hé théng duge phan thanh ba 16p chinh:
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3.1.1. Lép diéu khién trung tam (PC - EtherCAT Master):

—  May tinh c4 nhan chay hé diéu hanh Windows cai phan mém TwinCAT 3 cua
hang Beckhoff.

—  TwinCAT déng vai tro EtherCAT Master, chiu trach nhiém tao chu ky truyén va
nhén dir liéu EtherCAT vdi tan sb cao (~1ms hodc nhé hon).

—  Trong chu ky hoat dong, TwinCAT giri tin hiéu diéu khién nhu téc do dat, vi tri
dit, ... dén cac thiét bi slave, dong thoi thu thap dir liéu phan hdi nhu toe do thuc
té, vi tri goc ctia dong co dé xur 1y va gidm sat.

- Cac thuat toan déng bo tde do va vi tri gifra hai dong co co thé duogc xir 1y mot
phan tai TwinCAT hoic tai slave tily vao cdu triic hé théng va yéu cau thoi gian
thue.

3.1.2. Lop EtherCAT Slave (LAN9252 + STM32F446):

- Str dung hai board EtherCAT Click tich hop chip LAN9252 — chip chuyén dung
cho giao tiép EtherCAT.

— LAN9252 khéng ¢ bo xir Iy, do d6 can vi diéu khién hd trg dé tao thanh mot
thiét bi slave hoan chinh.

— Ca hai EtherCAT Click két nbi véi STM32F446 thong qua giao tiép SPI.

—  Hai vi diéu khién STM32 nay chiu trach nhiém:

+ Nhan dir liéu EtherCAT tir PC thong qua LAN9252.Trich xuat va xir Iy dir
liéu diéu khién nhu toc d¢ dat, vi tri dat.
Truyén 1énh diéu khién dén vi diéu khién diéu khién dong co.
Nhan phan hoi tir STM32F446 nhu tc d6 thuce té, vi tri goc, va truyén nguoc
lai vé cho PC.

+ Can dam bao viéc déng bo dit liéu trong qua trinh truyén dé duy tri tinh thoi
gian thuc.

3.1.3.  Lép diéu khién dpng co (STM32F446):

—  STM32F446 déng vai tro diéu khién truc tiép dong co BLDC théng qua thu vién
SimpleFOC.

— Nhan Iénh diéu khién TwinCAT thong qua EtherCAT Click nhu téc d6 muc tiéu,
vi tri, sau d6 xtr Iy va diéu khién dong co theo 1énh nay.
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Doc tin hi¢u phan hdi tir encoder tich hop trén dong co dé do toc dd va vi tri thue

te.

Thuc hién cac thuat toan diéu khién nhu PID, diéu ché PWM dé 6n dinh tc do

dong co.

Co6 thé thuc hién thuat toan dong bo hoa voi dong co con lai bang cach so sanh

tdc d6 va vi tri ctia hai dong co (tiiy cAu hinh hé thong).

Truyén lai dit liéu phan hdi vé STM32F446 dé giri vé PC.

Nguyén 1y hoat dong tong quat:

3.2

3.3.

TwinCAT (EtherCAT Master) trén may tinh guri di liéu diéu khién (téc d6 hoic

vi tri myc tiéu) dén céc thiét bi slave thong qua giao thic EtherCAT.

Chip LAN9252 trén cac EtherCAT Click nhén dit liéu va chuyén tiép dén vi diéu
khién STM32F446 qua giao tiép SPL

STM32F446 thuc hién diéu khién dong co (BLDC) bang thuét toan FOC, dong

thoi doc tin hiéu phan hoi tir encoder dé tinh toan toc do va vi tri.

Dir liéu phan hdi duoc truyén nguoc vé theo chidu: STM32F446 — LAN9252
— TwinCAT dé cap nhat va giam sat.

Viéc déng bo toe do gifra hai dong co dugc dam bao nho co ché diéu khién phéi
hop gitra master va cac vi diéu khién slave, dam bao hoat dong thoi gian thyc va

chinh xac.

Yéu ciu k§y thuit ciia hé thong:

Truyén dir liéu EtherCAT véi chu ky nho hon hoic bing 1ms.

DPong b tde do hai dong co BLDC véi sai s6 nho hon 5%.

Hé théng hoat dong 6n dinh trong thoi gian dai.

Téc d6 truyén SPI tbi thiéu 10MHz.

SPI giita STM32 va LAN9252 truyén dit liéu 6n dinh voi do tré thip (<1ms).
Encoder d6 phan giai cao (it nhat 1000 xung/vong).

Str dung thuat toan FOC hodc cac thuat toan diéu khién nang cao hon néu can
thiét.

Luwa chon thiét bi cho hé thong:
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3.3.1. Giao tiép EtherCAT — EtherCat Click

— Gidi thi¢u:
EtherCAT Click 12 mdt bo mach nhé gon tich hgp chip LAN9252 cua Microchip, cho
phép két ndi EtherCAT qua giao tiép SPI véi vi diéu khién. LAN9252 tich hop 2 cbng
Ethernet PHY hd tro téc d6 100Mbps va tinh ning HP Auto-MDIX, cho phép str dung
ca cap LAN thuong hoac cép chéo. Bo mach nay phu hop cho cac iing dung cong nghi¢p

nhu di€u khién tu dong, hé thong van, ngudn dién, v.v.

2X1 RJ4S Extension -
Connector *ma-‘asa-;san .
MU @ (03w
09 S Oiise 3 o
NOSVEEY o len ¢ 1 ' External Time Event
% Indicators/Interrupt
LANS252
+ RUN LED Indicat
I UN LED Indicator

Power LED Indicator.

Hinh 3.2: EtherCAT Click (LAN9252)
— Thong s6 k¥ thuit:
Bdng 3.1: Théng sé ky thudt ciia EtherCAT Click

Thong sd Mo ta

Chip diéu khién | LAN9252

Cong Ethernet 2 cong Ethernet 100BASE-TX full-duplex

Téc d6 truyén 100 Mbps

H6 tro  Auto- | C6 (cho phép sir dung cap LAN tryc tiép hodc chéo)
MDIX

Giao tiép véi MCU | SPI/SQI

— Chu hinh EtherCAT Click:

+ K&t ndi phan cirng:
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e Két nbi EtherCAT Click v6i mang EtherCAT qua cong RJ45.
e Két ndi chan SPI ciia EtherCAT Click v&i STM32:
e MISO (PA7): Dit liéu tir Click vé STM32.
e MOSI (PA6): Dit liéu tir STM32 dén Click.
e SCLK (PA5): Pong ho tir STM32.
e CS (Chip Select): Chon module EtherCAT Click dé giao tiép SPI.
e INT (PB8): Chan ngit
e 3.3V:Ngudn 3.3VGND: Chan GND
e Ngudn cdp: Cip ngudn cho EtherCAT Click (3.3V)
— So d0 ndi day:

STM32F446

GND 3V3 PC1 PC2 PB10 PB14 PB7 PBO

o ® 0 ¢ 0 ®O®

@ s so @
@ sck Nt @
@ spo
@ sDi
@ 3v3
O GND

EtherCAT Click

Hinh 3.3: So @6 két néi EtherCAT Click
3.3.2.  Vidiéu khién Nucleo-64 STM32F446RE

Vi diéu khién STM32F446 st dung 16i Arm® Cortex®-M4 32-bit RISC hi¢u ning cao,
hoat dong ¢ tan s6 tdi da 180 MHz. Loi Cortex-M4 ¢ b tinh toan ddu phay dong (FPU)
hd tro xtr Iy dit liéu don chinh x4c, tich hop tap 1énh DSP va don vi bao vé bd nhg (MPU)
tang cuong bao mat tmg dung. Céc chip ndy cé bo nhé nhiing téc dd cao (Flash tbi da
512 Kbytes, SRAM tdi da 128 Kbytes), SRAM du phong 4 Kbytes, va nhiéu I/O va
ngoai vi dugc két ndi qua cac bus APB, AHB va ma tran bus da AHB 32-bit. Pugc trang
bi ba ADC 12-bit, hai DAC, RTC tiét kiém ning luong, muoi hai timer 16-bit (bao gom
hai timer PWM diéu khién dong co), hai timer 32-bit, cling cac giao tiép chuan va nang

cao.
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, www.st.com/strm32nucieo

Hinh 3.4: Vi diéu khién STM32F446RE

— Thong s6 k¥ thuit:
Bdng 3.2: Théng sé ki thudt STM32F446

Thong sb MG ta
Bo xur 1y 161 ARM® Cortex®-M4
Kich thudc 16 L5i don 32-Bit
Toc do 180MHz
Két ndi CANbus, EBI/EMLI, Ethernet, 12C, IrDA, LINbus, SPI,

UART/USART, USB OTG
Thiét bi ngoai vi | Phat hién/Dit lai khi mat dién, DMA, 12S, LCD, POR, PWM,
WDT

Sb lugng 1/0 114

3.3.3. Simple FOC

SimpleFOC Shield 13 mot bo mach mo rong duoc thiét ké dé diéu khién dong co BLDC
(Brushless DC) hoic gimbal bang phuong phép Field-Oriented Control (FOC). Bo mach
nay duogc phat trién véi muc tiéu don gian hoa viéc diéu khién dong co mdt cach hiéu

qua, linh hoat va dé sir dung.
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Hinh 3.5: MKS SimpleFOC Shield V2.0.4

— Pic diém:
+ Kha nang diéu khién dong co:
e Piéu khién dong co BLDC hoic dong co gimbal.
e HO) trg diéu khién voi cam bién (encoder, hall sensor) hodc khong cam
bién.
+ Tuong thich phan ctng:
e Hoat dong v6i nhiéu loai vi diéu khién (STM32, Arduino, ESP32,
Raspberry P1).
e Tuong thich véi chuan chan Arduino Uno R3.
+ Dién &p va dong tai:
e Pién ap dau vao tir 12V dén 24V (c6 thé hon tiiy phién ban).
e Dong dién dau ra t6i da ~10A (tiiy thudc vao tan nhiét va dong co).
+ Tich hop linh kié¢n:
e Driver cau H (L6234).

e Khe cam cho cam bién Hall, encoder.

— Noi day cap nguon:
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+ Két ndi cuc duong (+) cua ngudn dién véi terminal duong (c6 ky hiéu "V"
hodc "+") ¢ phia trai dudi cua board.
+ Két ndi cuc 4m (-) ciia ngudn dién véi terminal 4m (c6 ky hiéu "GND" hoic
"),
+ Pam bao ngudn cung cap dién ap trong khoang 8V-12V, phi hop véi yéu cau
cua board.
— N&i diu ra véi déng co BLDC:
+ Céc daura dong co nam & khu vuc bén phai, g@)m 3 chan ky hicu U, V, W:
+ Noi day cua cac pha dong co BLDC véi cac chan twong tmg U, V, W.
+ Néu dong co khong quay dung hudng hoic khong hoat dong on dinh, ban co
thé thtr hoan d6i hai day bat ky trong ba pha.
3.3.4. Cdam bién vi tri AS5147U
AS5047U 1a cam bién tir Hall CMOS do goc tir truong, xir 1y tin hiéu qua AFE, ADC
va CORDIC d¢é tinh toan goc va tu dong diéu chinh hé s6 khuéch dai (AGC). Thiét bi
c6 do phan giai 14-bit ndi bo (SPI) va dau ra ABI 1ap trinh tir 10 dén 14-bit. AS5047U
hd trg bu goc dong béng thuét toan dy doan dé giam sai sb tré, tich hop bo loc gidm
nhidu & tdc d6 thap, va hoat dong on dinh dén 28.000 vong/phit. Cam bién cung cap
dAu ra linh hoat qua SPI, ABI, UVW hoac PWM, véi céac thiét 12p duoc 1ap trinh qua
SPI va luu trit khong thay d6i sau khi cip ngudn.

5U 3V3 NC CSn CLK MOSI MISO GND

B A I/PUM TEST NC W/PUM VY U M

Jpl » ] L

BU,3V3

RI
paaaEn R2

vl
02.08. 2014

Ulle
L
‘ AS5147-TS_EK_AB

Hinh 3.6: Encoder AS5147U
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So d6 ndi day:
MCU
88 wuds
me
N Y ¥V A
F—)i e o
'YX xrxxrx

00000000

A2 <

D D
Hinh 3.7: So @6 két néi AS5047U

— Nguén:
+ Chan VDD cta mach diéu khién duogc ndi truc tiép v61 VDD cua nguén (3-
3.6V).
+ GND cua mach diéu khién va MCU déu ndi chung v6i GND ctia ngudn.
— Giao tiép SPI:
+ Céc chan SPI ctia MCU dugc nbi tuong ting véi cac chan SPI ciia mach diéu
khién:
e SS — Chan lya chon slave.
e SCK — Tin hi€u clock.
e MOSI — Tin hiéu dit liéu tir MCU dén mach diéu khién.
e MISO — Tin hiéu dit liéu tir mach diéu khién dén MCU.
— Cac tin hiéu PWM: Mach diéu khién sir dung cac tin hiéu PWM (Pulse Width
Modulation) tir MCU dé diéu khién téc do va hudéng cta dong co BLDC.
3.3.5. Dong co gimbal BLDC
DPong co st dung trong dé tai 13 loai dong co khong chéi than ba pha (BLDC) chuyén
dung cho hé thong 6n dinh gimbal, ¢6 tén goi THREE PHASE BRUSHLESS GIMBAL

STA BLDC Motor, v6i cac dic diém ndi bat phu hop cho didu khién chinh xé4c theo
phuong phap FOC.

— Théng sb ki thuat:
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Bdng 3.3: Thong sé ki thudt déng co gimbal BLDC

Thong sb Gia tri
bién &p dinh mirc 7.4V
Téc d6 khong tai 2500 rpm
Dong khong tai 120 mA
Tbc d6 dinh muc 1934 rpm
Mé-men xodn dinh mirc 7.47 mN-m
Dong dinh murc 0410 A
Cong suat dinh mirc L5 W
Moé-men xoan khi ding yén 33.0 mN'm
Dong khi ding yén 1.4 A
Cong suit dau ra téi da (ly thuyét) 22 W
Hiéu suét tbi da 49.9 %

— Dac tinh co — dién:

Bang 3.4: Ddc tinh co dién cua dong co BLDC

Thong sd Gia tri
Dién tré pha-pha 529 Q
Céam 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
Hang s6 thoi gian co hoc 26.24 ms
Quan tinh rotor 33.0 g-cm?

— Nguyén ly hoat dong:
Pong co BLDC gimbal 14 loai dong co dién diéu khién theo tin hiéu xoay chiéu ba pha,
khong str dung choi than ma ding cam bién tir tinh (trong dé tai sir dung AS5147U) dé

xac dinh vi tri rotor. Trong qué trinh van hanh:
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+ Rotor gidn nam cham vinh ctru quay quanh tryc.

+ Stator chita cac cudn ddy ba pha dugc diéu khién bang song dién 4p sin (hoic
trapezoid).

+ Viéc thay doi pha dong dién dugc diéu chinh theo vi tri rotor (do tir encoder)
nham tao luc dién tur quay lién tuc.

3.4. Trién khai Slave

Slave EtherCAT bao gdom hai thanh phan chinh linh kién phan ctng:

— B diéu khién phu EtherCAT (ESC) xtr Iy giao tiép EtherCAT.

— Khbi xay dung chuyén dong xtr Iy ESC va thong tin ma can phai dugc trao doi.
Céc thanh phan phan mém duoc trién khai trong phan mém phu bao gom:

— Phan mém EtherCAT slave véi dong ho phan tan.

— Giao dién ngoai vi ndi tiép (SPI) dugc str dung lam giao tiép giita STM32 véi

ESC.

3.4.1. Giao dién ngoai vi noi tiép (SPI)
SPI 1a mot giao thuc truyén thong ndi tiép. Giao thirc ndy c6 tinh chat dong bo va duge
sir dung chii yéu trong cac hé thong nhung cho viéc truyén thong toc do cao & khoang
cach ngan. Trong du 4n nay, SPI dugc sir dung 1am giao dién truyén thong gitta bo diéu
khién EtherCAT Slave Control (ESC) va STM32.
SPI 1a mot giao thie truyén thong full duplex véi bdn day va sir dung hé théng master-
slave. Trong du 4n nay, master 1a bo mach STM32, va slave 1a ESC. Déi vai ca viee doc
va ghi, bén khoi tao qua trinh truyén thong ludn 1a master.

Bdng 3.5: Két néi giao tiép SPI

LK Xung nhip xuat ra tir master.
MOSI Master Out Slave In - Dit liéu xuét ra tir master tGi slave.
MISO Master In Slave Out - Dir li¢u nhap vao master tur slave.

EN(CS) Day kich hoat (hodc Slave Select) tir master dé kich hoat va duy tri lién

lac.

Thiét ké phén mém cia giao dién SPI duogc thé hién trong Hinh 3.8. SPI dugc khoi tao
& trang thai IDLE. Moi twong tac giita STM32 va ESC déu dua SPI vao ché do ghi hodc

ché dg doc va cac by dém tuong ung ctia n6 dugc xu ly dé€ tao ra giao ti€p thanh cong.
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Déi véi giao tiép SPI, STM32 1a SPI master va ESC 1a SPI slave. Nhu dé chi ra trong

thiét ké, thiét bi ngoai vi SPI duoc khai tao (cing véi cac chan GPIO dugc st dung cho
giao tiép SPI) va duogc giit o trang thai Init. T ddy, thiét bi ngoai vi SPI duoc goi, dé
ghi hoac doc dir li¢u vao/ra ESC.

SPI_Init

(Initialization

)

SPI WriteBlock (with Address

Length and Data) Transmitting Buffer not
Reset buffer SPIData empty

after complete write

Reset SPI ReadBlock

buffers (with Address,
after read Length and

finish Destination,

Receiving SPI Data

Data to be read
Hinh 3.8: Trang thai ghi/doc SPI.

DPong bo hoa dong hd phan tan ching t6i sir dung ddng hd phan tan dé dong bo hoa tat
ca cac dong ho trong mang, do d6 cho phép chung t6i thuc hién cac tic vu hodc hanh
dong duoc déng bo hoa. Str dung cAu hinh, ching t61 ghi cac thiét 1ap DC vao ESC. Mot
tin hiéu "SYNC” tudn hoan dugc tao ra phi hop voi cac thiét 1ap. Tin hiéu nay ngat DSP
va tac vu ing dung can thiét duoc thuc hién. Trong du an cia chung t61, ching t61 su
dung tin hiéu nay dé doc/ghi dit liéu tir/vao ESC.

3.4.2.  Pham mém EtherCAT SDK

Chung ta thay ring slave bao gém hai thanh phan phan ctng - ESC va STM32. Chiing
ta s& xem so qua phin mém nao dugc st dung trong ESC.

Phan mém ESC ma chiing t6i str dung trong thiét 1ap cta chung toi 1a EtherCAT SDK
tir Cong ty RT Lab , Thuy Dién. N6 1a cong cu tro gitp chung ta tao ra cac file mo ta
cho slave nham 1ap trinh cho STM32 ciing nhu str dung trong phdm mém TwinCAT.

& RT-LABS

Hinh 3.9: Cong ty RT-LABS
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Beckhoff cung cip cac hudng dan chi tiét mo ta cach chang t6i ¢6 thé ciu hinh ESC dé
phan hoi theo mot cach nhét dinh va ciing mo ta cach chung t6i c6 thé twong tac véi

ESC. Chung t6i st dung EtherCAT dé twong tac véi ESC nhu minh hoa trong Hinh 3.10.

SLAVE
MASTER

LAN
PC E‘ I EtherCAT Click h* ARM'&ZHEX'

(TwinCAT) LAN

Hinh 3.10: Thiét bi Master va STM32 truy cdp ESC théng qua EtherCAT va SPI

Phan mém Slave EtherCAT dugc viét bang C. C6 nhiéu nha cung cip cung cap khudn
kho cho phan mém Slave. Chung toi di chon phan mém EtherCAT Simple Open lam
khuon kho vi n6 1a ma ngudn mé va c6 thé duge sir dung lai ma khong gip ric rdi vé
cap phép.

Y tudng cot 16i 1a khi khoi dong phan mém nay trude tién khdi tao cac thiét bi ngoai vi
can thiét dé tuong tac véi1 ESC va sau do khai tao ESC thanh trang thai "INIT". Sau do,
theo chu ky, trang thai ctia ESC (mady trang thai EtherCAT) dugc giam sat va néu c6 bat
ky su kién nao dang chd xir Iy, hanh dong twong tng s& dugc thuc hién. So d6 ludng
duogc hién thi trong Hinh 3.11.

Hardware
Initialization

l

Software
Initialization

v
Check ESC state
and pending event
request

l

Application Task

Cyeclic Interrupt

©

Hinh 3.11: Qua trinh khoi tao va van hanh cua hé théng
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Céc chuc nang khac nhau dugc phan loai thanh cac tép khac nhau dugc thém vao trong
STM32CubelDE:

Bdng 3.6: Tép ma nguon lién quan dén viéc trién khai EtherCAT

Tén tép Churc nang

Objectlist.c Mot danh sach céc cdu triic bao gdm mé ta ESC

MAIN.c Tép chinh cua dy 4n, ciing bao gdm cac ham phuc vu ngit bo dém
thoi gian

esc.c Céac ham xur 1y lién két dir liéu va giao tiép hop thu.

esc.h Tép tiéu dé cho cac ham trong esc.c, bao gom cac ham dong goi

va m¢ goi dir 1iéu

€SC.Coe.C Module CoE
esc.coe.h Tép tiéu dé cho cac ham trong esc.coe.c.
esc.foe.c Module FoE
esc.foe.h Tép tiéu dé cho cac ham trong esc.foe.c.

ecat_options.h | Tép tiéu dé chira cac dinh nghia macro vé kich thudc SM va hop
thu.

utypes.h Chtra cic cAu trac dau vao/dau ra giir mot ban sao trong STM32,

ctia dit liéu dau vao/dau ra tai ESC.

middleSOES.c | Cac ham hd trg m& géi thii cong dit lidu duogce truyén tir ESC dén
STM32

Tin hiéu déng bo déng ho ¢6 thé tan dung d@)ng ho chinh x4c cua ESC dé tao ra cac tin
hiéu tuan hoan cho STM32. Nhiing tin hiéu nay dugc phat sinh tir hé thong DC trong
ESC. Trudc khi tao tin hiéu, ddng hd can duoc dong bd hoa véi tham chiéu dé dam bao
d6 chinh xac. Nhu da dé cap trong chuong thiét ké, qua trinh dong bo héa DC dién ra
trong trang thai SAFE-OP. Sau khi chuyén sang trang thai OP, c4c tin hiéu dong bo s&
duoc tao ra tudn hoan.

SM-Synchronous: Ung dung dugc dong bd hoa véi sy kién SM2 (SM3), duoc tao ra khi
dwr liéu quy trinh dugc ghi vao SM2 (doc tor SM3). Su kién dugc anh xa tdi IRQ toan
cuc hodc dugc tham do tir reg0x0220. Phan tir ESI Device: DC khong kha dung néu chi
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hd trg SM-Synchronous. Néu ca SM-Synchronous va DC-Synchronous déu dugc hd tro,
thi n6 duoc chi dinh trong ESI bang Dc:AssignActivate = "#x0000"

DC-Synchronous: Ung dung dugc déng bd hoa béng tin hiéu ngét dua trén DC (SYNCO,
SYNCI; ns-accuracy), dugc tao ra boi don vi SYNC/LATCH. Trong sb6 nhiéu ché do
DC khéc, hai ché d6 sau day hién thi cac khai niém co ban:SYNCO: kich hoat qua trinh
xtr 1y hoan chinh chu ky cuc bd (xem Thoi gian chu ky t6i thiéu) SM2 va SYNCO (do
chinh xac déng b6 hoa tham chi cao hon cua sy kién dau ra): su kién SM2 kich hoat viéc
doc dit liéu dau ra tir SM2, xtr 1y, ghi gia tri vao trinh diéu khién phan ctng; sau dé su
kién SYNCO dugc str dung dé kich hoat trinh diéu khién dau ra. Phan ti ESI
Dc:AssignActivate = "#x0300" dé tao su kién SYNCO

Frame jitter

=l S

SYNCO SYNCO
Free Run Application Application Application Application
SM Synchronous L -
Application Application
Q
=
DC - Synchronous with SYNCO -
Application Application
DC - Synchronous with SM2 and
SYNCO Application Application

| |
Hinh 3.11: Ché d¢ dong b héa thoi gian trong EtherCAT

C6 hai tin hiéu chinh c6 thé sir dung tir ESC 1a SYNCO0 va SYNC1. Tuy thudc vao huéng

truyén tin hiéu, chung duoc goi 1a SYNCO/SYNCl (ESC dén STM32) hoic

LATCHO/LATCH1 (STM32 dén ESC).Trong dir 4n nay, chiing toi str dung mot tin hiéu

SYNCO nhu thé hién trong Hinh 3.13. Ngit ndy 1 duogc sir dung dé kich hoat tac vu tmg

dung.
SLAVE
"""""""" EtherCAT-Slave €ontroHer----- oo
(ESC) STM32F4
SYNCO
SYNC/LATCH unit > Exeternal Interrupt
DC Unit
< EtherCA; LAN DC Control ‘ ‘ System Time > ARM Cortex-M4
EtherCAT Click SPI

Process

LAN Data 4

Interface |
(PDI)

Hinh 3.12: Tin hiéu SYNC tuan hodn tir ESC dén STM32. Tin hiéu SYNC dwoc tao ra
bang cach suw dung dong ho DC chinh xac cua ESC.
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3.4.3. Tép mé ti EST

ESC xir 1y cac khung EtherCAT khi dang chay trong phan cimg va trién khai cac chirc
ning cua 16p lién két dir liéu (DLL). Cac chtc ning nay bao gébm SyncManagers
(SM),Fieldbus Memory Management Units (FMMU) va DC unit. Thong thuong,
EtherCAT SubDevices trién khai cac chirc nang cua 16p ung dung (AL) nhu ESM, xir
1y tham s6 va xtr 1y dit liéu quy trinh trén pC — cac SubDevice nhu vay dugc goi 1a “thiét
bi phtrc hop”. Chi danh cho céc thiét bi /O rat don gian khong c6 tham s va khong can
xtr 1y 16i AL, trinh diéu khién phan ctmg /O méi duoc két nbi tryc tiép voi giao dién
I/O k¥ thuat sb ctia ESC — cac SubDevice nhu vay duoc goi la “thiét bi don gian”. So
dd khdi két hop cac thanh phan cua ciu tric phan cimg ctia SubDevice, cac thuc thé

chtrc ndng ctia ESC, cau triic phan mém va cac thanh phan giao thuec.

CoE AoE EoE FoE SoE CoE
0x03 0x01 0x02 0x04 0x05 0x03
nC Mailbox Service (read, write)

!

PDI (Physical Device Interface)]

SYNCx LATCH]

ESC Configuration
Configured Station Alias
CRC

Identity
Vendor ID
Preoduct Code
Revision Number
Serial Number

Hardware Delays

Bootstrap MBX SM

Configuration
andard MBX

@
8
=
a
0
g
S
E

__EtherCAT Processing Unit (EPU)

Strings
General
‘= FMMU
SM
& RxPDO
TxPDO
DC

Hinh 3.13: Kién triic ciia EtherCAT Slave Controller (ESC)

Nhu d3 néu, phan mém dé viét tép mo ta ESI duoc phat trién boi cong ty Beckhoff va
ma ngudn khong thé truy cap. Ciing di dé cap rang master giao tiép v6i ESC thong qua
EtherCAT, trong khi STM32 giao tiép véi ESC qua SPI. Diéu nay cho thdy ESC déng
vai tro 1a diém giao tiép giita master va STM32. Bé dam bao su twong tic an toan va
théng nhit giita ca ba thanh phan phan cing, chung ta can mot mo ta théng nhat vé ESC
¢ master, STM32 va trong chinh ESC. Cu thé, mé ta ESC dugc chtra trong master, mot

ban sao ctia md ta ndy s& duoc truyén dén ESC qua EtherCAT (mic du c6 nhitng phuong
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thirc khac nhung khong duoc ban dén & ddy), va mot mo ta twong tng s& duoc viét trong
STM32, phai khép v6i mo ta trong master va ESC. Diéu nay duoc thé hién trong Hinh
3.14. Néu khong c6 mot mo ta théng nhat giira cac thiét bi, ESC s& khong thé hoat dong

chinh xac.

ESC SOES
XML parser Description . Conlfi ion
(.xml) Tool

EtherCAT
Master

TWINCAT 3.1

Config data
during
intialization
(EtherCAT)
EEPROM

EtherCAT Slave
Controller

Description
Files (.c and .h)

ARM Cortex-M4

STM32F4

Hinh 3.14: Cdc,tép mo ta ESC (xmlva .c) dwaq ldp trinh cho tl’u'é’t bi ghl'nh, ESC va
thiet bi phu dé co kha nang giao tiép EtherCAT thong nhat.

Dé tranh rac r6i khi phai viét tép cau hinh cho master va sao chép lai mi C trong STM32,
ching t61 st dung cong cu cu hinh SOES, nhu dugc minh hoa trong Hinh 3.15. Trinh
bay cac tiy chon cu hinh va tir dién d6i tuong, mot phuong phap mé ta theo chuan
CoE. Tép mo ta danh cho master dugc dinh dang béng XML.

® ety & o

Conliguratier ua

Y Yive Mauga
v AR Detaty

s v Cwiry Y W Detaen

Vaar Wi O tane

e et ey e

v Czwgerane TDVDN. Agsscmmon Onpect Desorery

Hinh 3.15: Cong cu cau hinh SOES dwgc sir dung dé tao tép mo ta ESC.
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Hinh 3.16: Cong cu cdu hinh SOES hién thi cdc thiét lap co thé cau hinh va cdch mé
ta tw dién doi twong cua CANopen.
Sau khi c4u hinh trong phan mém SDK EtherCat thi chiing t6i s& thu duoc file XML
mo ta Slave dugc st dung dé eeprom vao master va céc file .c va .h 13 danh sach céc

c4u tric chira thong tin gidng nhu XML.
3.5. Trién khai Master

Trong du 4n nay, ching t6i di sit dung mot may tinh thong dung chay hé diéu hanh
Windows lam bo diéu khién chinh. TwinCAT 3.1 13 mot phén mém dic thu cia
Beckhoff, bién bat ky may tinh chay Windows nao thanh hé thong diéu khién thoi gian
thuc (Real-Time Control PC). Cac rang budc thoi gian thuc ciing (Hard Real-Time)
hodc mém (Soft Real-Time) phu thudc vao kha ning twong thich cta thé mang (NIC -
Network Interface Card).

3.5.1. Céu hinh

Lam thé ndo dé mot master nhan ra mot slave? Ddi voi diéu nay, chung ta can cung cip
EtherCAT Slave va thong tin tlly chon trong tép céu hinh. Diéu ndy duoc cung cap cho
TwinCAT trong mot so d6 XML nhu da dé cap phia trén d¢ TwinCAT phan tich cua
phap. Thong tin d phan tich ¢t phap sau d6 duoc luu trit trong chi va duoc sir dung dé
xac dinh slave trong mang trong qua trinh khoi tao. Thong tin (ESI) cho may chu (trong
treong hop nay 1a TwinCAT)
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—>{ Vendor %—b Comment
Group Type

EtherCATInfo.xsd

Description
Devices

Hinh 3.17: Thong tin EtherCAT Slave chira thong tin bt bugc va tuy chon dwoc chi
dinh vé slave. Thong tin nay dwoc dwa vao TwinCAT dé phdn tich cu phap.

Trude tién, hdy tao mdt du 4&n mdi thong qua 2 (hoac trong

"File"—"New"— "Project..."). Trong hdp thoai sau, thuc hién cac muc twong ung theo

yéu cau
od » o
v v. " .p : 3 s . ’ TATSNS Miew *B
: ; [ —— -
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Sau d6, du 4n mdi co san trong trinh kham pha thu muc du an:

2 Solution ‘Example_Project’ (1 project)
4 ni Example_Project
a @l SYSTEM
¥ License
@ Real-Time
Tasks
sf= Routes
TcCOM Objects
k& MOTION
PLC|
3 SAFETY
[ c++
s« [@vo
%% Devices
&', Mappings

Noi chung, TwinCAT cé thé dugc st dung & ché d6 cuc bd hodc tir xa. Khi hé théng
TwinCAT bao gdom giao dién ngudi ding (tiéu chuan) dugc cai dit trén PLC tuong tmg,
TwinCAT c6 thé dugc st dung ¢ ché d6 cuc bd va do d6 bude tiép theo 1a "Chén thiét
bi".

Néu muc dich 12 giai quyét moi truong thoi gian chay TwinCAT duogc cai dit trén PLC
lam moi truong phat trién tir xa tir mot hé théng khac, hé théng muc tiéu phai dugc biét
trudc. Thong qua biéu tugng trén thanh menu:

Lg

©0 Example_Project - Microsoft Visual Studio (Administrator)

File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help
PSS A & 2B 9 - L5 b [Release -} | TwinCAT RT (x64) -
BB Qe B BENE ® 7| <o Tesli | -

ISqution Explorer v X _ Choose Target System -

mo cua sO sau:

hoon Taget System

0 cloced 1234567.8810) 0
Carces
[ Seach Etemnst)
Se a0 Dalout
Conecion Teeod 15t 5
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Str dung "Tim kiém (Ethernet)..." dé vao hé thong muc tiéu. Do d6, mot hop thoai tiép
theo s€ mo ra:

e nhép tén may tinh da biét sau "Nhap tén may chi / IP:" (nhu mau do)

e thuc hién "Tim kiém phat song" (néu khong biét tén may tinh chinh xéc)

e nhip IP may tinh d3 biét hoic AmsNetID.

Add Route Dialog [&
l Enter Host Name / IF; ] Rafrazh Status ] l Broadcas! Search ]
e e ConmeCTEd e TG MHatld TwinCAaT 05 Yersion Commert

Enter destination computer name
& activate "Enter Host Name / IP"

Rowute Marme [T arget): Raute Mams [Remate]: M-FC
Amzhetd: Target Hobe Remate Folite
Trarsport Type; [1CRaR - © Projeat © Mora

@ Static @ Static
Address Infe: ) Tmmparary ) Temparary

@ Host Mame 0 |P Address
Connection Timsout [z): g o
Add Route [ Cloge ]

Khi hé théng muyc tiéu da dugc nhap, nd co sin dé lya chon nhu sau (co thé phai nhap

mat khau):

-- B --Local- (147.99.12.34.1.1)
1 remote-PLC (123.4567.89.1.1)

Sau khi xac nhan voi "OK", hé théng muc tiéu c6 thé duoc truy cip théng qua Visual
Studio shell.

Thém thiét bi

Trong trinh kham pha thu muc dy an cua giao dién nguoi dung Visual Studio shell &

bén trai, chon "Thiét bi" trong phan tt "I / O", sau d6 nhap chudt phai dé md menu ngi

canh va chon "Quét" hoic bat dau hanh dong thong qua "\ thanh menu. Trudc tién,
Trinh quan 1y hé thong TwinCAT cé thé phai duoc dat thanh "Ché do cau hinh" thong

qua & hoic thong qua menu "TwinCAT" — "Khdi dong lai TwinCAT (Ché do céu
hinh)".

« @Yo

Devices 4 Add New e Chle Shit+ A
3" Magpes
® P —2  Add Dsnting hem Wit Ak A

N Son
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Chon "Quét"

X4c nhan thong bao canh bao sau d6 va chon "EtherCAT" trong hdp thoai:

B | 1 new I/O devices found

X

_Device 2 [EtherCAT)  [Ethemet 2 (Realtek PCle GBE Family Controller £2)]

oK

Cancel

Select All

Unselact All

X4c nhan thong bao "Tim hop maoi", dé€ xac dinh cac thiét b1 dau cudi dugc két noi voi

thiét bi. "Free Run" cho phép thao tac cac gia tri ddu vao va dau ra trong "Ché d6 ciu

hinh" va ciling can dugc xac nhan.

Dua trén cau hinh mau dugc mo ta & dau phan nay, két qua nhu sau:

4 =10
4 = Devices
4 =% Device 3 (EtherCAT)

h & T OF W

*® Image
*® Image-Info
2 SyncUnits

Inputs
B Outputs
3 InfoData
# Box 1 (slave)
4 input
¥ gocthuc
=¥ van toc thuc
4 W output
™~ goc dat
™~ van toc dat
b WcState
p @ InfoData
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Vi thiét bi Slave dugc sir dung trong hé théng ta can thuc hién thém bude la eeprom
dé TwinCat c6 thé nhan biét ddu vao dau ra cua Slave.

W AT Bopet! - Teeetted
= Yeu Mol MO ey TaakaT  Seedary AL e Guspe s Mazze e

b1 Gy R
BV NP AT Coom MrCAT BT b A e ’ FAT=

g 42434 st S EBIBEKE R el e Lol & Unazeal .
AEs o ple Ul Adm ERCAT O Cof Ot
- i e e
M ° N Bom 7 ipbeen r
i voom .
o oo
+ @Aw
o " e
@ Doven L Epwecar
1% o
1 e
8 st
ryat
v B D
@ vl
® roc! - . - :
’ ' e !
-
s Bn
Pt~ e ——T]
L LS
B 1T - Dterer ) Wy | ) Venegn ¢
L 2
’ x
' B
r S ws
« B

Lap trinh chwong trinh PLC
TwinCAT PLC Control 12 méi trudng phat trién dé tao bo diéu khién trong cac moi
truong 1ap trinh khac nhau. TwinCAT PLC Control hd tro tit ca cac ngdn ngit dugc
mo ta trong tiéu chudn IEC 61131-3. C6 hai ngdn ngir dang vin ban va ba ngdn ngi
dang dd hoa.
Cac ngon ngir dang van ban

o Instruction List (IL)

o Structured Text (ST)
Cic ngon ngir dang do hoa

o Function Block Diagram (FBD)

o Ladder Diagram (LD)

o Continuous Function Chart Editor (CFC)

o Sequential Function Chart (SFC)
Phén sau day s& dé cap dén Structured Text (ST).
Pé tao mot méi truong lap trinh, mot du 4n con PLC dugc thém vao dy an mau thong
qua menu ngit canh cia muc "PLC" trong trinh kham phé thu muc du 4n bang cach chon
“Add New Item....”.
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Solution Explorer v 3 X

4 Solution 'Example_Project’ (1 project)
4 ] Example_Project
4 [ SYSTEM
! License
@ Real-Time
B Tasks
sfe Routes
TcCOM Objects
MOTION
PLC
i) SAFETY
e c++
4 —E /0
L Devices
:‘J Mappings

B MU HHIUIN
Right-click on "PLC" to
insert a PLC Project

@ sAFl

EUO‘ 4 Paste
|

e EPLC L AddNewitem..

E Cdl i Add Existing Item...

Paste with Links
i
' Hide PLC Configuration

Ctrl+Shift+A
R Shift+Alt+A

Ctri+V

Trong hop thoai md& ra, hdy chon
“EtherCAT_BLDC” lam tén du an.

Add New Bem - TwnCAT Progect2

4 Instajied Sort by: | Default -| -5 :—_‘-
P Tompltes ﬂ Standarst PLC Project Pic Templates
m Empay PLC Proget Pic Templates
Location. CAlsersiAdmint Documentsy Ic)_(.:_qﬁhem TwinCAT Project TwinCAT P}ro)_:c_t»“\

“Standard PLC project”

\ h/\
va nhap
7 X
earch (Ciried
Type: P Temnplates
Croates & now TwinCAT PLC project
contaming 3 task and a program
Hrowse
Aca Cances

Chuong trinh "MAIN", d3 ton tai bang cach chon "Standard PLC project”, c6 thé duoc
m& bang cach nhap dup vao "EtherCAT BLDC_project" trong "POU". Giao dién nguoi

dung sau day duoc hién thi cho mét du 4n ban dau:
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AN - n
o i
I
4‘]7‘;”' e, -

Dé viét tiép chuong trinh bang ngon ngir LD ta chon vao POUs va luya chon “Add” va
tiép theo chon vao POU.

beitiatei - LA RIEE g,n'i IR T o Tl lewven = "

(=

28 3 A TAL R

Qtvem | | mwwg 0 Nemags X s

Trong POU chung ta thuc hién khai bao cac bién dau vao va dau ra theo cii phap “ Tén
bién AT %I* : “Kiéu dit liéu”. va viét code LD & bén dudi.

iZ ATNIC:
i3 ATSIC:
14 ATSI;

=T .

| 1% ATST4
I L€ ATSIY
| L7 ATSI4,
1 ol ATRQ*:
: ol ATSQ*:
o3 ATNG*:
o8 ATSO*
| Inll ATSIY ) REAL,
in12 ATSIY: REAL;
im21 ATer*: RRAL;
| in22 ATAI“: KEBAL;:
| Simer: TINE; e @R -

{1 ™ N0 =N N0

R4 100% &R v
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Chuong trinh diéu khién bay gio dugc tao dudi dang thu muc dy an, tiép theo 1a qua
trinh bién dich:

Build
£#4  Build Solution Ctrle Shift+B
Rebuild Solution %
Clean Solution
51 Build Example_Project
Rebuild Exemnple Project
Cledn Selection
Batch Busld...
Configuration Manager...

G4n bién

Thong qua menu ctia mot phién béan - cac bién trong ngit canh "PLC", sir dung "Modify
Link..." tily chon dé mé cira s6 dé chon d6i twong quy trinh (PDO) phu hop dé lién két
va thyc hién link cac bién phu hop véi yéu cau ciia chuong trinhg PLC.

Souion Ligiover

wHE 9

A Atach Vieabre Target dnput) g
L i «  Show\Veoives
= -.'.Iuwllvu\-'l
PLC Esxthude dnatied
Lntiad! B Exclsde oty Deacmn

Unect Irstanca = B Eschadn sama insge
* SOUD > IBIESN20 FEAL O] -
| * POUM > 1B IS0IGN REAL [€0] W Stow Tookps
| San by 2dduse
|| Show Varabile Gooups
D Cotagrue bast Lnw|
Show Vanabie Types
|_IMaxhing Tygw
B vochng Sz
| A3 Typus

Oaute
) Coskruous

1 5how Dalog

Venskide Nama | Comrrert
im0l

Carced OF
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3.6. Trién khai code trén STM32CubelDE

3.6.1. Luwu do thudt todn

Hinh 3.18: Luu dé thudt todn truyén nhan dir liéu cua hé théng

Khoi tao hé thong

Y

State = OP?

Y

»
Ll
A

cam bién

Poc gia tri do duoc tur

A

State = INT?

A 4

thdng

Poc thoi gian va sy
kién thay doi trong hé

ESC_mbxprocess=1?

Gan cdu hinh PDO
dau ra/dau vao vé
mac dinh

xtr ly CoE nhu doc
ghi SDO

Nhan dir liéu bang
PDO

Truyén dit liéu bang
PDO

<
<
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Nhan dit liéu bang
PDO
N
address >= 0x1000 ¢
v Ghi dia chi, do dai Yé 1én}3 doc
vao thanh ghi diéu khién
. . ESC_CSR_CMD_REG
Huy bat ky 1énh doc

nao dang thyc thi

A

<
<
4

ESC_CSR _BUSY=1

PRAM READ BUSY=0?

Thiét 14p dia chi va sb
byte can doc

v

PRAM READ BUSY=1

Doc dir li¢u tir thanh ghi
dir liéu
ESC_CSR DATA REG

|«
<

IS PRAM_SPACE AVBL MASK=1?

A

Sao chép dir liéu vao
ReadBuffer

Poc 4 byte dau cua
FIFO

A

Reset chan CS

DPoc cac byte con lai
cua FIFO (burst
mode)

©

Hinh 3.19: Luu dé thudt todn nhdn dir liéu PDO
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Truyén dit liéu bing
PDO
N
address >= 0x1000
v
Y RS |
Sao chép ting byte tir
Huy bét ky 1énh ghi WriteBuffer vao
nao dang thuc thi ESC _CSR DATA REG
v !
N Ghi dia chi, d6 dai va 1énh ghi vao

PRAM_WRITE BUSY=0? thanh ghi diéu khién

ESC_CSR_CMD_REG

Thiét 1ap dia chi va s6
byte can ghi

A 4

v ESC CSR BUSY=1

PRAM_WRITE BUSY=1

[P
<

A

IS PRAM_SPACE_AVBL_MASK=1?

ESC_CSR_BUSY=1?

Ghi 4 byte dau cia
FIFO

A

Reset chan CS

!

Ghi céc byte con lai
cua FIFO (burst
mode)

!

Set chan CS

<
<

A

v
<

Hinh 3.20: Luu d6 truyén dir liéu PDO
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3.6.2. Céu hinh Timer 7 (TIM?)

Trong du 4n, Timer 7 (TIM7) cta vi diéu khién STM32F446 dugc sir dung nhur mot bo
dinh thoi chu ky (periodic timer) nham dam bao viée cap nhat dir li¢u do duoc tir cam
bién/mach do vé trang thai dong co mét cach dinh ky va chinh xéac thoi gian. Di liéu
nay sau d6 dugc dua vao Object Dictionary dudi dang PDO (Process Data Object) dé
truyén 1én phan mém diéu khién trung tam TwinCAT thong qua giao thirc EtherCAT.

TIM7 Mode and Configurabon

Mode

Counter Settings
Prescaler (PSC - 16 bits value)
Counter Mode Ut

Counter Penod (AutoReload Register - 16 bits valu, 100-1
auto.reload preload Disable
« Trigger Oulput (TRGO) Parameters
nager Event Selection Reset (UG bit from TIMx._EGR)

Hinh 3.21: Cdu hinh Timer 7

Trong hé thong diéu khién str dung vi diéu khién STM32, Timer 7 (TIM7) duoc cau
hinh dé tao ngat dinh ky nham phuc vu cho cac tac vu kiém tra va cap nhat dir liéu do
ludng. TIM7 thudc bus APB1, va trong cau hinh hé thong hién tai, tan s clock cta
APBI 13 45 MHz. Do b6 chia APB1 duoc dit 16n hon 1 (cu thé 13 4), tin s cdp cho cac
timer thuéc APB1 (bao gdm TIM7) dugc nhan doi, tirc 12 90 MHz.

Thong s6 cau hinh cu thé ctia Timer 7 nhu sau:

- Prescaler: 1800 — 1 — Tin hi€u clock noi bd sau chia la: 90 MHz / 1800 = 50
kHz

— Auto-reload register (ARR): 100 — 1 — Timer s& dém tir 0 dén 99, tirc 12 100 chu
ky

—  Thoi gian tran (ngdt): 100 / 50,000 = 2 ms
Chirc nang chinh:

Timer 7 tao ra mot ngat dinh ky, va trong ham xur ly ngat, chuong trinh s& goi ham xur
ly dir lidu trung gian dé cap nhat dit liéu nhur toc do, goc quay vao céu tric dir lidu, cau
trac nay sau do6 s& dugc cap nhat vao PDO va truyén di qua EtherCAT dén TwinCAT

Viée str dung Timer 7 gitp hé thong tach biét 1 rang gilia logic xur ly va thoi gian lay
mau, dam béo tinh on dinh, dinh ky chinh x4c trong hé théng diéu khién thoi gian thuyec.
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3.6.3. Ciu hinh SPI — Giao tiép v6i EtherCAT Click

— Chirc nang:
CAu ndi truyén thong chinh giita EtherCAT Click va STM32, gitp dam bao dit liéu diéu
khién va trang thai hoat dong dugc trao ddi nhanh chéng, chinh xac, déng thoi hd tro
ddng bo hoa thoi gian thue trong hé thng.
Cau hinh SPI
SPI Mode: Mode 1 (CPOL =0, CPHA =1)

Tdc dd baudrate: ciu 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 va chan giao tiép: SPIx_ MOSI, MISO, SCK, va chan CS diéu khién
riéng bang GPIO.

Basc Parameters

Frama Format
Data Size
First B

Clock Paramsters

Prescaier {lor Baud Rate)

Chock Potanty (CPOL)

Clock Phasa (CPHA) Eaige
Advanced Pacametess

CRC Calcdabon Nisabled

NSS Sgnal 1ype

Hinh 3.22: Cau hinh SPI2
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CHUONG 4:  TRIEN KHAI HE THONG VA PANH GIA KET QUA

4.1. Thi cong h¢ thong

4.1.1. Ldp ddt va bé tri thiét bi

—  Muc tiéu: BDam bao céac thiét bi duoc bd tri khoa hoc, tdi wu khong gian va thuan

tién trong qua trinh van hanh va kiém tra.

— Thiét bi chinh trong h¢ thong:

_l_

EtherCAT Click: Dat & vi tri trung tam dé t6i wu két ndi SPI voi cac vi diéu
khién STM32.

Cac STM32F446: Duoc lép dat trong hop nhua cach dién véi khoang cach
hop 1y nham giam chiéu dai day két ndi SPI.

Driver SimpleFOC: Pit lap dat trén STM32F446 gan dong co BLDC dé t6i
thiéu hoa ton hao niang luong trong mach dong.

Nguon cap: Str dung ngudn 8V dé cap dién cho cac bo diéu khién va dong co
BLDC.

Nguyén tic bd tri thiét bi:

e Thiét bi duoc ¢ dinh chéic chin dé tranh rung trong qua trinh van hanh.

e Day tin hiéu duoc boc chong nhiéu va di riéng biét vdi diy nguon.

4.1.2. Két néi mach dong lwe va diéu khién

~  K&ét noéi mach dong luc:

+

+

_l_

Day ngudn tir ngudn 8V dugce ndi tryc tiép dén cac driver SimpleFOC.

Céc cong PWM tir driver SimpleFOC dugc ndi voi cac cudn diy cua dong co
BLDC.

Str dung cau chi bao v¢ dé€ ddm bdo an toan khi van hanh.

- Ket noi mach dieéu khién:

_l_

_l_

Giao tiép SPI: EtherCAT Click dwgc ndi véi cac vi diéu khién STM32F446
thong qua SPI.

Encoder: Cac tin hiéu tir encoder ciia dong co BLDC duoc nbi truc tiép dén
STM32F446 dé doc dit liéu vé toc do va vi tri.
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4.1.3.

4.2.

4.3.
4.3.1.

Cai diit cdc thong sé ban dau
Trén TwinCAT:

+ Tao cau hinh PDO (Process Data Objects) dé truyén dir liéu diéu khién tir
TwinCAT xudng EtherCAT Click.

+ Céhu hinh EEPROM cho EtherCAT Click dé x4c dinh cac tham s6 SPI va ché
do hoat dong.

+ Tai xubng chuong trinh cho hoat dong demo cua hé thong.
Trén SimpleFOC:
+ Thiét 1ap PID cho vong diéu khién téc do va vi tri ctia dong co BLDC.
+ CAu hinh dong dién tdi da dé bao vé dong co.
Trén STM32:
+ St dung CubeMX dé cau hinh SPI va céc giao tiép can thiét.
+ Téi vu str dung DMA dé giam tai cho CPU.
Thi cong md hinh do an
Lip rap mé hinh:
+ Hai dong co BLDC duoc gin trén gia d& dam bao chic chén.
+ Su dung miii tén dé kiém tra kha nang dong bd hoa vi tri giita hai dong co.
+ Céc cam bién encoder duoc gén chinh x4c vao truc dong co dé thu thap dir
lidu vi tri va toc do.
Kiém tra ban dau:
+ Kiém tra tinh 6n dinh cua nguén cép va hoat dong cua cac driver dong co.
+ Kiém tra phan hoi encoder xac minh hoat dong chinh xéc.
+ Kiém tra két ndi tin hiéu SPI va EtherCAT.
Van hanh hé théng va danh gia két qua
Két qud mé phéong
Truong hop truyén tin hiéu tir master xudng 2 slave:

+ Nhan xét:

Hinh anh chup tir oscillo cho thay hai tin hi¢u phan hoi tir hai slave (mau xanh - Slave
1, mau vang - Slave 2) khi nhan dit liéu diéu khién tir TwinCAT thong qua EtherCAT.

C6 thé quan sat rang tin hiéu mau vang (Slave 2) mot khoang thoi gian ngan.
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Hinh 4.1: Do léech khi truyén dir liéu tur TwinCat xuéng 2 slave

Dua trén thang do thoi gian 10 ps/div, d6 tré udc tinh giira hai tin hiéu la khoang 23
us. Vi do tré chi vai micro gidy gitta hai slave, hé théng van dam bao tinh dong b hoa
cao, hoan toan phu hop cho cac tng dung diéu khién thoi gian thuc yéu cau chinh xéac
vé thoi gian nhu diéu khién dong co dong bd.

— Trudng hop truyén tin hi¢u tir slave niy sang slave kia:

Hinh 4.2: B¢ léch khi truyén dit liéu tir slave nay sang slave kia
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+ Nhan xét:

Hinh anh tir may hién séng cho thay hai tin hi¢u phan hoi tir hai slave (xanh - Slave 1,
vang - Slave 2) khi slave 2 truyén dir liéu dén slave 1 thong qua hé thong EtherCAT
n6i bo. Tin hidu mau vang (Slave 2) thay doi trang thai trude tin hiéu mau xanh (Slave
1), voi do tré uée tinh khoang 1ms, dya trén thang do thoi gian 5 ms/div. Piéu nay cho
thdy qua trinh truyén dit liéu tir Slave 2 sang Slave 1 van dién ra twong d6i nhanh, tuy
nhién c6 d6 tré nhét dinh do lién quan dén co ché xur 1y ndi bo hodc ddng bo dit lidu
giita cac slave thong qua SPI va stack SOES. Mtic tré ndy van nam trong gidi han chap
nhén duoc cho nhiéu ung dung diéu khién thoi gian thyec.

— Danh gia chung:

Thong qua cac anh chyp tir may hién song, hé thong di duoc kiém tra do tré trong hai
tinh hubng truyén dit liéu dic trung:

1. Truong hop 1 — TwinCAT truyén dir liéu dong thoi dén hai slave:
Tin hiéu phan hoi tir hai slave (xanh — Slave 1, vang — Slave 2) cho thay do tré
giita hai phan hoi gan nhu khong dang ké, chi vao khoang 2-3 ps. Diéu niy phan
anh tinh chat hoat dong song song, dong bd cao cua giao thic EtherCAT trong
viéc phan phdi dir liéu tir master dén cac slave. Pay 1a mot dic diém quan trong
ctia EtherCAT, cho phép diéu khién da truc hoidc cac hé théng phan tan hoat dong
dong thoi va tirc thoi.

2. Truong hop 2 — Mot slave truyén dif lieu sang slave con lai:
Tin hiéu phan hdi ghi nhan d¢ tré khoang 1 ms, cho thiy c6 su tré ddng ké hon
khi truyén dit liéu giita cac slave. Nguyén nhan c6 thé dén tir quy trinh xir 1y noi
bo tai slave, thoi gian xtr 1y SPI, hoac thtr ty cdp nhét dir li€u trong chu trinh
EtherCAT (process data exchange). Mic du vy, do tré ndy van & mirc chdp nhan
dugc d6i voi phan 16n cac hé thong diéu khién khong yéu cau tdc do phan hoi
dudi millisecond.

— Téng két:

Heé thdng truyén thong EtherCAT thé hién kha ning truyén dit liéu dong thoi, do tré cuc
thip tir master dén cac slave, phu hop véi yéu cau thoi gian thuc cao. Truyén dit liéu
giita cac slave co do tré cao hon, nhung van dam bao tinh 6n dinh va dang tin cdy trong
hé théng. Vi thiét ké va cdu hinh hién tai, hé thong du didu kién tmg dung vao cac bai

todn dicu khién toc do, vi tri dong co yéu cau dong bo va phan hoi nhanh.

4.3.2. Phan tich va dinh gid két qua
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- Uu diém:
+ Hé thong dam bao thoi gian thuc voi do tré thap va do chinh xac cao.
+ Dong co hoat dong 6n dinh ngay ca khi thay doi tai dot ngot.
+ Giao tiép SPI giira cac STM32 va EtherCAT Click hoat d6ng mugt ma.
— Han ché:
+ Tbc @6 xtr 1y c6 thé bi giéi han khi hé thdng phai xtr 1y thém nhiéu dong co
hon.
+ Hiéu suat PID chua téi wu khi dong co hoat dong & ché do tai 1on.
4.3.3.  Kinh nghiém dat dwoc va hwong phdt trién
-~ Kinh nghiém dat dwoc:
+ Hiéu rd quy trinh thiét 1ap va van hanh giao thirc EtherCAT.
+ Nam viing k¥ thuat diéu khién dong co BLDC bang SimpleFOC va STM32.
+ Thanh thao viéc tich hop cac thanh phan phin cing va phan mém trong hé
thong diéu khién thoi gian thuc.
— Huwéng phat trién:
+ Tang sb luong dong co duoc diéu khién dong bo hoa.
+ Tich hop céac thuét toan diéu khién tién tién, nhu diéu khién du doan hodc Al,
d¢ cai thién hiéu suat.
+ Toi uu giao tiép dé giam do tré hon nita va nang cao kha ning mo rong hé
théng.
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KET LUAN

Nhirng két qua dat dwoc:
— Hoan thanh yéu ciu thiét ké:

+ Nhom d3 hoan thién thiét ké va trién khai hé thong diéu khién dong bd hoa
tbc do dong co bang cong nghé truyén thong EtherCAT, dap tng yéu cau ki
thuat ban dau.

+ Hé thong d3 dam bao tinh thoi gian thue véoi do tré thdp va do chinh xac cao,
dac bi¢t trong viéc d@)ng bo hoa toc dd va vj tri gifra hai dong co BLDC.

— Tich hop phin mém va phan cirng:

+ Thanh cong cau hinh va tich hop TwinCAT, EtherCAT Click, va cac vi diéu

khién STM32 dé tao thanh hé théng hoat dong mugt ma.

+ Chuong trinh diéu khién duoc xdy dyung trén STM32 di diéu khién chinh xéac
dong co thong qua driver SimpleFOC.
— Thir nghiém va danh gia:
+ MO hinh di dugc kiém nghiém thanh cong, dép Gmg dung cac nguyén tic diéu
khién va dam bao kha nang déng bo hoa trong diéu kién van hanh thyc té.
Han ché trong dé tai:

— Hé théng hién chi hd trg ddng bo hoa hai dong co va chua duoc mo rong dé diéu
khién nhiéu dong co hon.

— Thuét toan diéu khién hién tai chua toi vu khi dong co hoat dong ¢ tai 16mn hodc
moi trudng thay ddi phire tap.

Huwéng dé xuat phat trién:
— Mé rong hé thong:
+ Nang cip hé théng dé diéu khién dong bo hoa nhidu dong co hon.

+ Tich hop thém cac cam bién khac nhu cam bién dong dién, nhiét do dé giam

sat toan dién hon.
— Cai tién thuit toan diéu khién:
+ Ap dung thuat toan bu PID hodc Al dé tang hi¢u suét va giam do tré.

— Canh bao va xir 1y 16i:
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+ Tich hop chtrc ning phan tich dit liéu dé phat hién va du bao 15i trong hé
théng.
+ Phat trién tinh ning thong bao qua email hodc tng dung di dong dé ngudi
quan 1y nhan canh bao va bao céo tuc thoi.
— Nang cap phin mém:
+ Tao giao dién giam sat thoi gian thyc truc quan hon trén TwinCAT hoac
Website diéu khién.

+ Tang cuong kha nang cau hinh hé théng truc tiép tir phan mém diéu khién.
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