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TOM TAT

Tén dé tai: Canh tay Robot 3DoF dan héi va thu thap dit liéu
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Nbi dung chinh ciia dé tai, theo md phong ctia nhom gom:

- Tim hiéu vé cu triic dan hoi trong Robot

- Nghién ctru dong luc hoc cua Robot

- Thiét ké, diéu khién chuyén dong cua canh tay Robot dan hoi.



DAI HOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HOC BACH KHOA
KHOA PIEN

Poc 1ap - Ty do - Hanh phtic

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién S6 thé SV Lép Nganh
Mai Xuén Diing | 105200296 20TDHI1 | K¥ thuat diéu khién va tu dong hoa
2 | Pham Vin Tién | 105200315 20TDH]1 | K¥ thuat diéu khién va ty dong hoa

1. Tén dé tai do an:

Cdnh tay Robot 3DoF ddan héi va thu thdp div liéu

2. Pé tai thuje dién: TAC6 ky két thoa thudn sé hitu tri tué doi véi két qua thuwc hién

3. Cac so liéu va dir liéu ban dau:

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

a. Phdn chung:

TT Ho tén sinh vién

Noi dung

2 Pham Vin Tién

1 Mai Xuan Diing - Poc tai li€u tham khao.

- Nghién ctru va 1ap ké hoach cho d6 4n.

- Tim hiéu v& Robot va tinh dan hdi trong Robot
- Kiém nghiém va danh gia két qua mo hinh.

b. Phan riéng

TT Ho tén sinh vién

Noi dung

- M6 phong Matlab.

1 Mai Xuan Diing - Nghién ctru dong luc hoc Robot.

- Thiét ké giao dién di€u khién

2 Pham Vin Tién - Thiét ké phan ctmg canh tay Robot
- Tinh toén, lya chon dong co.
- Thiét ké diéu khién chuyén dong canh tay Robot.

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




a. Phan chung:

TT Ho tén sinh vién Noi dung

Mai Xuan Diing | - Ban v& thiét ké mo hinh
2 Pham Vin Tién

b. Phan riéng

TT Ho tén sinh vién Noi dung

1 Mai Xuén Diing | - So do khéi cuia h¢ thong
- Luu d6 thuat toan giao dién diéu khién

2 Pham Vin Tién - V& so d6 mach diéu khién

- Luu dd thuét toan diéu khién

6. Ho tén nguoi hwéng dan: | Phan/ Néi dung:

TS. Nguyén Hoang Mai - Néu ra yéu cau cua duy an.

- Hudng dan tu van gidi phap, giao nhiém vu thyuc
hién.

- Pé xuat cic giai phap vé phan co khi, diéu khién.

- Hudng dén lam thuyét trinh bao cao du an.

- Theo dai tién do duy én.

7. Ngay giao nhiém vu dé dn: 17/2/2025
8. Ngay hoan thanh dé dan: 15/6/2025

Pa Nang, ngay 15 thang 6 nam 2025

Truéng bd mén tu dong hoa Ngwoi hwong dian

TS. Giap Quang Huy TS. Nguyén Hoang Mai
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CONG HOA XA HOI CHU NGHIA VIET NAM

Pon vi: Khoa dién PHBK BDHDN

. Khoi lwong GVHD
Tuan | Ngay i}
da thuce hién (%) tiep tuc thuce hién (%) ky tén
L 11702005 Nhan d¢ tai Néghlefl cuu 1y thuyét lién quan
den dé tai

> 12822005 Tim }‘11eu,3u'a chon vat li€u cho canh |Lua chon 16 xo lam thanh canh
tay dan hoi tay cho Robot
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gia cong
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LOI NOI PAU VA CAM ON

- Trong subt thoi gian hoc tp tai truong Pai hoc Bach Khoa — Pai Hoc Pa Nang,
Ban giam hi¢u nha truong, Khoa Dién va B mén Ty dong hoa da tao diéu kién cho
chung em hoc tap, thire hanh cung céc thay c6 da tan tinh giang day truyén dat kién thire
va kinh nghiém quy bau cho ching em. D¢ s& 1a nhirng kién thirc nén tang, nhimg hanh
trang vitng chic dé chung em tiép tuc hoc tdp va lam viéc. Chung em xin chén thanh
cam on quy thay, co.

- Sau mot qué trinh tim hiéu va lam dé tai, dudi sy huéng dan tir Thady Nguyén
Hoang Mai di gitp ching em hoan thanh d6 4n t6t nghiép nay. Chung em xin giri 10i
cam on chan thanh va sau sic dén Thay.

- Vé6i diéu kién thoi gian cling nhu kién thtrc van con han ché ctia minh, do an tét
nghiép nay khong thé tranh duoc nhimng thiéu s6t. Nhom em rat mong nhan duoc su chi
bao, dong gop ¥ kién cia cac thay c6 dé nhom em cé diéu kién bo sung, nang cao ¥ thirc
cua minh, phuc vy tdt hon trong cong viéc thuc té sau nay.

Ching em xin chan thanh cam on!
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LOI CAM DOAN LIEM CHINH HQC THUAT

- Chung t6i xin cam doan ring d6 4n tot nghiép véi dé tai “Céanh tay Robot 3DoF
dan hdi va thu thap dir liéu” 13 cong trinh nghién ctru ciia nhém dudi su hd tro, gitp do
ctia thay Nguyén Hoang Mai. Nhitng phan c6 st dung tai liéu tham khao trong d6 an da
duoc liét ké va néu rd rang tai phan tai liéu tham khao. Dong thoi nhitng sb liéu hay két
qua trinh bay trong d6 4n déu mang tinh chat trung thuc, khong sao chép.

- Néu nhu sai sot chung t61 xin chiu hoan toan trach nhi€ém va chiu tat ca cac ky
luat cia bd mon ciing nhu nha trudng dé ra.

Sinh vién thuc hién

Mai Xuan Diing Pham Vin Tién
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thap dit liéu

MO DAU

Tinh cin thiét cia dé tai

- Robot cong nghiép dang duoc tmg dung rat rong rii trong cac nganh san xudt
hién dai. V&i vu diém d6 chinh x4c cao, thao tic 1ap lai lién tuc, ti€u tdn it nang luong
va lam viéc trong nhitng moi truong khic nghiét. Cac qudc gia phat trién hang dau thé
gidi dd ra stre g dung robot vao cac nganh cong nghiép chu chdt nham dat t6i trinh d6
cong nghiép hda va tu dong hoa cao.

- Tuy nhién Robot thuong dung trong cong nghiép c6 khéi lwong rit 1én nhung tai
trong thi nho (vi du Robot tai trong dugc 10kg thi Robot phai ndng ~ 50kg), ti 1€ tai
trong mang duoc va khbi lugng Robot 1a rat thap. Viéc sir dung canh tay to va nang chi
phu hop vé6i nhung Robot dimg yén mdt chd nhu trong nha xudng, con nhitng Robot di
chuyén trén xe, may bay...dung canh tay ning s& khong phu hgp. Do d6 phai sir dung
nhitng canh tay nhe nhung chiu duoc tai trong cao va canh tay dan hoi 1a mot trong
nhitng hudng phat trién cé ing dung trién vong, khdi lugng canh tay nhe nhung c6 thé
chiu tai trong bién thién 16n.

- Su phét trién cua robot v6i co cau dan hoi trong nhitng ndm gan day da tao ra
nhiéu hudng tiép can moi trong thiét ké robot canh tay. Khong con gidi han trong céac
khép kim loai truyén théng, cac robot dan hoi str dung vat liéu va co cau c6 kha ning
bién dang linh hoat, ting kha ning tai trong.

- Do d0, viéc xay dung mot md hinh canh tay robot 3DoF dan hoi, két hop voi hé
thong thu thap dit liéu day du 13 hoan toan can thiét dé dap tmg cac yéu cau thyc tién va
nghién ctru chuyén sau trong linh vuc robot hoc hién dai.

Muc tiéu nghién ciru

- Nghién ctru tong quan vé cac cu trac dan hoi trong robot hoc.

- Thiét ké co khi va lira chon vat liéu dan hoi phu hop.

- Thiét ké mach diéu khién tich hop PID

- Phét trién phan mém thu thap va hién thi dir liéu (dwa trén Arduino)

- Thuc nghi€ém va phan tich s6 lidu: do chinh xac, sai sd, kha nang 1dp lai, phan hdi
theo tai.

Phwong phap nguyén ctiru

- Nguyén ctru thiét ké va 1ap rap co khi.
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+ Pam bao do6 linh hoat chuyén dong trong khong gian 3 chiéu véi ba khép
quay ddc lap.

+ Pu do cung viing va nhe.

+ Thiét ké don gian, d& ché tao, lp rap va bao tri, phi hop vé6i diéu kién thyc hién.

- Nguyén ctru dong lyc hoc robot 3 DoF.

- Nguyén ctru img dung cac phan mém diéu khién, va cac thiét bi str dung.

- Nguyén ctru bo diéu khién cho canh tay robot.

D kién két qua dat dwoc

- Hoan thién thiét ké va lap rap co khi canh tay robot.

- M6 phéng dong luc hoc canh tay robot.

- biéu khién canh tay robot.

- Phat trién hé théng thu thap dir liéu cam bién, bao gff)m doc va luu trir tin hiéu
encoder tur cac khép dé phuc vu cho viéc danh gia hi¢u suat va tinh chinh diéu khién.

Két ludn

- Pé tai "Cdnh tay robot 3DOF dan héi va thu thdp so liéu” 1a mot hudng tiép can
c6 tinh thuc tién cao, phu hop véi xu thé phat trién hién dai trong linh vuc robot hoc.
Viéc tich hop cau tric dan hoi khong chi gop phan nang cao do linh hoat va kha ning
thich nghi ctia canh tay robot, ma con gitp tang kha nang tai trong.

- Thong qua qua trinh thyc hién do an, ¢6 co hoi tiép can va ung dung kién thic
lién nganh gém: thiét ké co khi, md phong dong hoc — dong luc hoc, diéu khién dong
co, xir Iy tin hiéu encoder, va thu thap dit liéu cam bién. Pay 1a nén tang quan trong gitp
nang cao niang lyc chuyén mon, tu duy hé théng, va kha ning trién khai k¥ thuat vao
thuc té.

Caiu tric ciia do 4n tot nghiép

- Chuong 1: Tong quan dé tai

- Chuong 2: Xay dung md hinh toan hoc

- Chwong 3: Thiét ké va tinh chon hé thong diéu khién

- Chuong 4: M6 phong, thuc nghiém va danh gia
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Chuong 1: TONG QUAN PE TAI

1.1. Toéng quan

1.1.1. Tong quan vé robot cong nghiép

- Hién nay da c6 rat nhiéu nghién ctru ciing nhu tng dung cta Robot trong cudc
sdng va cac nganh cong nghiép, néng nghiép... C6 thé noéi Robot 1a tdp hop bao gdm
hai phan 1a phan cting va phan mém. Phan cing 13 toan bd cic co cau nhu 13 co cdu co
khi, co cdu truyén dong, vi mach diéu khién, cam bién...Phin mém 1a chuong trinh
diéu khién ctia Robot. Viéc két hop phan cimg va cac chuong trinh diéu khién di mang
lai kha nang tng dung rdng 16n cho Robot.

- Hién nay robot ngay cang phat trién dé dap tmg cho nhu cau thi trudng vé nganh
cong nghiép trong cic nha may. Robot khong chi thay thé con ngudi trong viée dap ung
cac nhu cau cua thao tac lién tuc va 1ap lai, ma con thyuc hién céc tdc vu thong minh nhu
mot con ngudi thuc sy. Boi s¢ hitu tdc d6 nhanh va tri thong minh nhan tao, robot cd
thé dé dang hoan thanh cac nhiém vu trong tham do, lam viéc tai nhitng noi nguy hiém,

ciru nguoi trong tai nan, hodc linh vyc chuan doan cua thudc.

Hinh 1.1: Robot trong cong nghiép
1.1.2. Khdi niém vé robot cong nghiép

- Robot cong nghiép co thé duoc dinh nghia theo mot sé tiéu chuan sau:
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+ Theo tiéu chuan AFNOR cua Phap: Robot cong nghiép 13 mot co cau chuyén
dong tu dong co thé 12p trinh, 13p lai cac chuong trinh, téng hop cac chuong trinh dit ra
trén cac truc toa dg, c6 kha nang dinh vi, dinh hudng, di chuyén cac ddi tuong vat chit
nhu chi tiét, dao cu, ga lép theo nhitng hanh trinh thay doi da duge chuong trinh hoa
nham thyc hién cac nhiém vu cong nghé khac nhau.

+ Theo tiéu chudn RIA ctia My (Robot Institute of America): Robot 1a mét tay may
van ning c6 thé 1ap lai cac chuong trinh, dugc thiét ké dé di chuyén vat liéu, chi tiét,
dung cu, hodc cac thiét bj chuyén dung théng qua cic chuong trinh chuyén dong co thé
thay ddi dé hoan thanh cac nhiém vu khac nhau.

+ Theo tiéu chuan TOCT 25686-85 ctia Nga: Robot cong nghiép 1a mot may tu
dong, duoc dat ¢ dinh hodc di dong duogc, lién két gitra mot tay may va mot hé théng
diéu khién theo chuong trinh, c6 thé lap di 1ap lai dé hoan thanh cac chirc ning van dong
va diéu khién trong qué trinh san xuét.

+ Do do, robot cong nghi¢p co thé duoc hiéu 1a nhirng thiét bi tu dong linh hoat,
thuc hién cic chirc ning lao dong cong nghiép ciia con ngudi dudi mot hé théng dicu
khién theo nhitng chuong trinh da duoc 1ap trinh sin.

+Véi dic diém c6 thé lap trinh lai dugc, robot cong nghiép la thiét bi tu dong hoa
va ngay cang trd thanh b phan khong thé thiéu dugc cia cac hé thong san xuat linh
hoat. Vi vay, robot cong nghiép tré thanh phuong tién hiru hiéu dé tu dong hoa, nang
cao ning suat lao dong va giam nhe cho con ngudi nhitng cong viéc ning nhoc, doc hai
dudi sy gidm sat cua con nguoi.

1.1.3. Lich sir phdt trién

- Thuat ngt Robota dojoc xuat hién nam 1921 trong mot tac phém van hoc cua nha
van nguoi Ba Lan — Karel Capek.

- Chinh thuat ngit “robota” nay da goi y cho con ngudi phat trién Robot va mot
cong ty & My - AMF (Americal Machine and Foundry Company) quang cdo md phong
mot thiét bi mang dang dip va c6 mot sb chirc ning nhu tay nguoi didu khién tu dong
thuc hién mét sb thao tac dé san xuat thiét bi c6 tén goi Versatran.

Qua trinh phat trién ctia Robot dugc tom tit nhu sau:

+ Tir nhitng nam 1950 & My d3 xuét hién san phdm c6 tén 13 Versatran ctia cong
ty AMF.

+ O Anh, nguoi ta bt diu nghién ctru va ché tao Robot theo ban quyén cua My tir
nhirng nam 1967.

+ O céc nude Tay Au khéc nhu: Puc, Phép, Y, Thuy Dién thi bit diu ché tao Robot

tur nhirng nam 1970.
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+ Chau A c6 Nhat Ban bat ¢au nghién ctru tng dung Robot tir nim 1968.
- Tuy My 1a nudc dau tién phat minh ra Robot nhung Nhat Ban 1a nuéc san xuét
ra nhiéu nhat.

Béng 1.1: S6 lugng Robot cac nude cong nghiép phat trién

Nuéc sin xuat 1990 1998 2003 2006
Nhat 60.118 67.000 92.340 132.543
My 4.327 11.100 23.654 48.321
Durc 5.854 8.600 15.000 27.543
Anh 510 1.500 3.240 6.754
Phap 1.488 2.000 4.563 9.123
Han Qudc 1.000 3.000 6.721 12.432

1.1.4. Phan loai robot cong nghiép

- Ngay nay, robot cong nghiép di phat trién rat phong pht va da dang, vi viy phan
loai chiing khong don gian. C6 rat nhiéu quan diém khac nhau va mdi quan diém lai
phuc vu mdt muc dich riéng. Dudi day la cac cach phan loai chinh.

- Theo chung loai, mtrc do diéu khién, va nhan biét may da dugc san xuét trén thé
gidi co thé phan loai cac IR thanh cac thé hé sau thong tin cua tay may - ngudi.

+ Thé hé 1: Thé hé c6 kiéu diéu khién theo chu ky dang chuwong trinh ctmg khong
c¢6 kha nang nhan biét thong tin.

+ Thé hé 2: Thé hé co kiéu diéu khién theo chu ky dang chuwong trinh mém budc
dau da c6 kha ning nhan biét thong tin.

+ Thé hé 3: Thé hé c6 kiéu diéu khién thong minh, c6 kha ning nhan biét thong tin
va budc dau da c6 mot s6 chirc nang 1y tri ctia con ngudi.

- Phan loai theo két cau: theo két cAu clia tay may ngudi ta phan thanh robot kiéu
toa d6 Dé cac, kiéu toa do tru, kiéu toa do cau, kiéu toa do gbc, robot kiéu SCARA nhu
da trinh bay & trén.

- Phén loai theo mg dung: dua vao ng dung cila robot trong san xuit c6 robot
son, robot han, robot 1dp rap, robot chuyén phoi...

- Phan loai theo céach thirc va dic trung ctia phuong phap diéu khién: c6 robot diéu
khién hé (mach diéu khién khong cé cac quan hé phan hoi), robot diéu khién kin (hay
diéu khién servo): sir dung cam bién, mach phan hoi dé ting do chinh xac va mirc do
linh hoat khi diéu khién.

- Ngoai ra con c6 thé co cac cach phan loai khac tuy theo quan diém va muc dich
nghién curu.
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1.1.5. Ung dung robot cong nghiép

- Robot cong nghiép duoc ap dung trong cong nghiép dudi goc do thay thé con
nguoi, nho vay cac ddy chuyén san xuat dugc ting ning suat va hiéu qua.

+ Ung dung trong cong nghiép: Robot duoc sir dung trong cong nghé duic, han,

cit, son, phun phu, thao lép, van chuyén. ..

=
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\

Hinh 1.2: Robot han trong cong nghiép
+ Ung dung trong Y hoc: Robot dugc st dung trong linh vuc y té nhu noi soi, phau

thuat, ...
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Hinh 1.3: Robot phau thuat
+ Ung dung trong quan sy: Robot di chuyén hoic tu dong hoic dién khién tir xa,

duoc thiét ké cho cac ung dung quan su tir van chuyén, trinh sat, ctru hg, tan cong...
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+ Trong gido duc: Gilip phat trién k¥ ning, tu duy va sang tao trong thoi dai cong nghé
4.0.

Hinh 1.5: Robot ABB dung trong giang day Truong Dai hoc bach khoa Da Néng
1.1.6. Bdc tw do cua Robot
- Béc tu do 1a s6 kha ning chuyén dong cia mot co ciu (chuyén dong quay hoic

tinh tién). D& dich chuyén dugc mot vat thé trong khong gian, co cdu chip hanh cua
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robot phai dat dugc mdt s6 bac tu do. Noi chung co hé cua robot 1a mot co cu hé, do

d6 bac tu do ctia nod co thé tinh theo cong thtrc:

5

W:6n—2ipi (1.1)

i=1

- O day: n - S6 khau dong;

Pi- S6 khép loaii (i=1,2,...,5 : SO bac ty do bi han ché)

- Dbi véi cac co cu co cac khau duge ndi véi nhau bang khdp quay hodc tinh tién
(kh6p dong loai 5) thi sb bac tu do bang véi sé khau dong. Di vé6i co cau ho, sb bac
tir do bang téng sb bac tu do cua cac khép dong.

1.1.7. Cdc thanh phén chinh ciia Robot céng nghiép

a) Cdc thanh phan chinh

Cic cam

bién
y
B dié :
= ) diéu 2 ?
Thi€t bi o khidn va Nguon Canh tay
ay / B P ne luc DO
day hoc mdy tinh dong luc robot
4
Y
Céc chuong Dung cu
trinh thao tac

Hinh 1.6: Cac thanh phan chinh ciia hé thong Robot

b) Két cdu ciia tay mdy

- GOm 2 chuyén dong co ban:

+ Chuyén d6ng tinh tién (ki hiéu T)

+ Chuyén dong quay (ki hiéu R)

- Cac két cAu thuong gap cua Robot l1a: Robot kiéu toa do dé céc, toa dd try, toa do
cau, robot kiéu SCARA, hé toa do goc (phong sinh),...

+ Robot kiéu toa do Dé cac: 1a tay may c6 3 chuyén dong co ban tinh tién theo
phuong cua cac truc hé toa do gdc (cAu hinh T.T.T). Truong cong tac c6 dang khdi
chir nhat. Do két ciu don gian, loai tay mdy nay c6 do ctng viing cao, do chinh xac co
khi d& dam béo vi vy n6 thuong dung dé van chuyén phdi liéu, lip rap, han trong mit

phang.
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LAt
1 I
Hinh 1.7: Robot kiéu toa d6 Dé cac
+ Robot kiéu toa do tru: vung lam viéc cia Robot c6 dang hinh try rong. Thuong

khép thir nhit chuyén dong quay.
RT:T

@

<+

Hinh 1.8: Robot kiéu toa do tru
+ Robot kiéu toa do cau: vung lam viéc cua Robot c6 dang hinh cau. Thuong do

cling vitng ctia loai Robot nay thap hon so véi hai loai trén.

4

I
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Hinh 1.9: Robot kiéu toa d6 cau
+ Robot kiéu toa do goc (Hé toa do phong sinh): Pay 1a kiéu Robot duoc dung
nhiéu hon ca. Ba chuyén dong dau tién 1a cac chuyén dong quay, truc quay thir nhat
vudng goc véi hai truc kia. Cac chuyén dong dinh huéng khac ciing 1a cic chuyén
dong quay. Vung lam viéc cia tay may ndy gan giong mot phan khoi cau. Tét ca cac
khau déu nam trong mat phang thang ding nén cac tinh toan co ban 1a bai toan phang,
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wu diém ndi bat cia cac loai robot hoat dong theo hé toa do goc 1a gon nhe, tuc 1a co

vung lam viéc tuong ddi 16n so vai kich ¢& ciia ban than Robot, do linh hoat cao.

P

P
1h

Hinh 1.10: Robot hoat dong theo hé toa do goc
+ Robot kiéu SCARA: Robot SCARA ra d&i vao nam 1979 tai truong dai hoc

Yamanashi (Nhat Ban) 13 mot kiéu robot méi nham dap tng su da dang cta cac qua
trinh san xuat. Tén goi SCARA 1a viét tit ctia "Selective Compliant Articulated Robot

Arm": Tay may mém déo tuy y. Loai robot nay thudng dung trong coéng viéc lap rap
nén SCARA dbi khi duoc giai thich 1a tir viét tit cua "Selective Compliance Assembly
Robot Arm". Ba khép dau tién cua kiéu Robot nay c6 cau hinh R.R.T, cac truc khop
déu theo phuong thang dimng.

SR

—-

brera

Hinh 1.11: Robot kieu SCARA

1.2 Tim hiéu vé tinh dan hdi trong canh tay Robot

1.2.1. Pt vin dé

- Robot thuong dung trong cong nghiép cé khdi luong rat 16n nhung tai trong thi
nhd, ti I¢ tai trong mang dugc va khdi luong Robot l1a rat thép. Vi du:

+ ABB IRB 1600: Nang 250kg nhung tai trong t6i da chi khoang 36keg.

+ KUKA KR 100-2 PA: ning 1240 kg nhung tai trong t6i da chi khoang 100kg

- Do d6 viéc nguyén ciru sir dung canh tay nhe nhung chiu duoc tai trong 10n 1a rat
can thiét.

- Trong nhiing nghién ctru co hoc di chirng minh duoc sir dung canh tay dan hoi
c6 thé giam khdi lugng t6i da 1én dén 80%.

Sinh vién thyc hi¢n: Mai Xuén Diing Hudng dan: TS. Nguyén Hoang Mai 10
Pham Vin Tién



Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

1.2.2. Tay mdy c6 tinh dén dp dan héi

Pau tién, ta s& xem xét mot s6 khai niém vé bién d6i dic tinh co - 1y cta vat liéu
lam tay may trong thyc té. Vi da sd tay may duoc ché tao tir kim loai, nén ching c6 kha
nang bi bién dang dan hoi, ubn... khi c6 su chuyén dong. Ta sé& lan lugt xem xét nhu sau:

1.2.2.1. Ung suit

- Ung suat 1a dai luong biéu thi ndi luc trong vt thé do tac dong ciia cac nguyén

nhan bén ngoai. N6 co6 thé gay ra bién dang kéo, nén, hoac xodn trong vat licu.

o= (1.2)

- Trong do

+o: Ung suat (N/m? hoic Pa)

+ F: Lyc tac dung (N)

+A: Dién tich mat cit ngang (m?)

- Phan loai: Ung suét dugc chia thanh cac loai chinh dua trén hudng va cach luc
tac dung

+ Ung suat phap tuyén (Normal Stress): xay ra khi lyc tac dung vudng goc voi bé
mat. C6 2 dang:

Ung suét kéo: Luc kéo dan vat liéu (vi du: dy cap chiu kéo).

Ung suét nén: Luc nén ¢p vat liéu (vi du: cot bé tong chiu nén).

+ Ung suat cat: Xay ra khi luc tac dung song song vdi bé mit, gay trugt cac 16p
vat liéu (Vi du: Luc cat trong bu-16ng hoac trong vat liéu chiu xoén.)

+ Ung suat thé tich (Xay ra khi vat lidu chiu ap suat dong déu tir moi huéng (nhu
trong chét long hodc vat liéu chiu ap suét thuy tinh).

1.2.2.2. Bién dang

- Su dich chuyén twong ddi gitta cac chat diém, cac phan tir cua vat ran dudi tac
dung cta ngoai luc, nhiét d6 hodc ciia mot nguyén nhan nao d6 dan dén su thay doi vé
hinh dang va kich thuéc cua né dugce goi la bién dang.

- Vit li¢u dudi tac dung cua ngoai lyc déu thay ddi hinh dang va kich thudc ma
khong mat di sy lién két bén chat ctia nd. Kha nang cho phép thuc hién mot qua trinh
bién dang déo dugc coi la mot dac tinh quan trong ctia kim loai.

=§_l=% (1.3)

Trong d6: & 1a dudng cong tng suit- bién dang

- Co tinh cta vat liéu dugc xac dinh bing cac phuwong phap thir khac nhau, tiy
thudc vao ban chat tai (d6 16n, toc do...) va moi trudng dit tai (nhiét do, thoi gian...).

Thuec té khi hoat dong, chi tiét chiu tai trong phic tap v6i ing suit ba chiéu. Tuy nhién,
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phuong phap thur don gian va thong dung lai phan dnh dugc cac dac trung co tinh cta
vat li¢u l1a thur kéo. Trong do, mau thir duoc kéo mot chiéu, ding tam va&i tai trong tang
dan cho t6i khi bi dut.

- bé thu, nguoi ta tac dong 1én mau thir c6 tiét dién F, chiéu dai lo mot luc kéo P,
sau do 1ap quan h¢ gitra Iyc kéo P va d6 dan dai A/ =/—-1;). Ta dugc biéu dd kéo cb dang
H,, chung gdm ba giai doan ndi tiép nhau nhu sau:

- Ban dau, khi tai trong ting, 46 dan dai ting theo quy luat dudng thang va cham
(doan OA). Khi bo tai trong, kich thudc mau lai tré vé vi tri ban dau. Giai doan nay goi
1a bién dang dan hoi.

- Khi tai trong vuot qua gia tri nhat dinh (diém A), bién dang ting nhanh, néu bo
tai trong, kich thudc mau 1 dai hon tri s6 ban dau lo. Giai doan nay goi la bién dang déo
di kém bién dang dan hoi (vi du: diém K trén biéu do).

- Khi tai trong d3 gia tri 16n nhét (diém C), tién ving ndo d6 cia mau xuat hién
bién dang tam trung, tiét dién mau giam tai do bién xuit hién, tiép theo vat nut thanh

doan va huy. B¢ la giai doan pha huy.
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Hinh 1.12: Vit liéu bi bién dang

1.2.2.3. Uon

- Trang thai déo trong vt thé bién dang chu yéu dugc gay nén bai trong tai udn.

- Néu tai trong ting 1én khién tng suat trong mau vugt qué gisi han dan hoi thi vat
lidu bat ddu qua trinh bién dang uén. Trong ving nay, néu do bo tai trong ma mau khong
phuc héi dugc hinh dang nhu ban dau va van bi uén va dudng cong g suat bién dang
dugc thé hién bang mirc do bién dang du. Trong ky thuat:

Sinh vién thyc hién: Mai Xuan Ding Huéng dan: TS. Nguyén Hoang Mai 12
Pham Van Tién



Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

-

PIA

T
Hinh 1.13: Vit liéu bién dang uén
1.2.2.4. Pan héi
- Pan hdi 1a kha nang cua vat li¢u tr¢ lai hinh dang ban dau sau khi luc tac dung
duoc g& bo (néu chua vuot qua gidi han dan hoi).
- Mdi lién hé giita (mg suat va bién dang (strain) trong giéi han dan hoi duoc mo
ta béng dinh luat Hooke:
oc=E.c (1.4)
- Trong do
+ E: Modul dan héi, don vi Pa
+ &: Bién dang (khong c6 don vi, 1a ti s6)
-Voéi: ¢= AL
0
+ Trong d6: Az : Do dan hodc co dai
L,: Chiéu dai ban dau
+ Ti s6 Poisson: Khi vat kéo din theo chiéu doc, n6 co lai theo chiéu ngang. Ti 1€
giita bién dang ngang va bién dang doc
£

y = Zusns (1.5)

gdoc

- Phan Loai:

+ Bién dang kéo/nén: X4y ra khi vat li¢u bi kéo dan hodc nén doc theo mdt truc.

+ Bién dang cit: Xay ra khi céac 16p vat li¢u trugt tuong ddi v&i nhau, dugc mo ta
boi mo-dun cit (G).

+ Bién dang thé tich: Xay ra khi vat li€u chiu ap suét dé)ng déu, dugc mo ta boi
mo-dun thé tich (K).

- Vi du veé vét liéu va dic tinh dan hoi:

Bang 1.2: Bac tinh dan hoi cua vat liéu
Vit liéu E v
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Thép 200 0.3
Nhom 70 0.3
Cao su 0.1 0.49 (gan nhu khong nén dugc)

1.2.3. Thugn lgi va khé khén ciia Robot canh tay dan hoi
1.2.3.1. Thuan lgi
- Tang dg linh hoat cho Robot, ting kha ndng chiu lyc.
- Tiét kiém vat liéu ché tao.
- Khai thac hét kha ning co hoc ctia Robot.
- Pam bao d6 bén co hoc va tang tudi tho Robot.
- Giam chi phi bao tri, bao dudng, thay thé.
- Nang cao d6 chinh xac diéu khién khi Robot chuyén dong theo nhitng quy dao phirc
tap va bién doi lién tyc, c6 nhiéu diém ky di.
- Giam t6i wu hoa tinh kinh té khi san xuat va tmg dung Robot hang loat.
1.2.3.2. Kho khéin

- Tuy nhién, mt tay thao tac linh hoat doi hoi nhiéu cac thuat toan diéu khién phirc
tap cling nhu cac md hinh dong chinh xac hon dé co dugce d6 6n dinh va hiéu suét tot.
Nén viéc diéu khién chinh x4c 1a rat kho.

1.2.4. Mt s6 nghién ciru vé tay mdy cé tinh dén d¢ dan hoi

1.2.4.1. Trong nudéc

- Viéc diéu khién canh tay duoc dé xut boi TS. Nguyén Hoang Mai va Bui Tuan
Viét Linh (2017) [2] da dwa ra md hinh toan hoc xay dung phuong phap bu sai s6 do
bién dang dan hoi cta ciu tric dudi anh hudng ctia ngoai luc dua trén cong thic két hop
giita phuong trinh Lagrange-Euler véi phuong phéap gia dinh, sau d6 thiét ké bo diéu
khién PID mé dé diéu khién hé théng. Xay dung phuong trinh dong luc hoc ciia tay may
cong nghiép, cu thé 1a tay mdy hai bac tu do ¢ tinh dén dan hoi, tong hop bo diéu khién
PID mo cho tay may hai bac tu do.

- Piéu khién trugt cho tay mdy c6 tinh dén d6 dan hoi dugc dé xuat boi TS. Nguyén
Hoang Mai va Pham Minh Tuén [3] d4 nghién ctru vé xay dung phuong trinh dong luc
hoc ctia tay may cong nghiép, cu thé 13 tay may hai bac ti do c6 tinh dén dan hdi.

- Tac gia Duong Xuan Bién, Chu Anh My, Phan Bui Khéi (2017) [4] da dua ra mo
hinh dong luc hoc tong quat cho hé tay may c6 hai khau dan héi. Hé phuong trinh dong
luc hoc duoc xdy dung trén co s& phuong phap phan tir hitu han va cach tiép can

Lagrange trong dé c6 tinh dén yé€u t6 ma sat dan héi, mé men quan tinh cia cac dong
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co, tai trong giup dua moé hinh dong luc hoc sat vai thyuc té. Két qua md phdng thé hién
duogc ban chét ung xtr dong lyc hoc ctia tay may c6 khau dan hoi.

- Nghién ciru, tinh toan va diéu khién mé hinh duoc nghién ctru béi tac gia Tran
Ptrc Thuan, Tran Xuan Kién, Bui Hong Hué (2016) [5]d3 nghién ctru tay may thuong
lién két v6i nhau bang cac khép ndi va trong qua trinh hoat dong xuét hién su bién dang
ctia cac khau cung nhu su bién dang xodn cta cac truc. Hién tuong ndy xay ra lién két
dan hoi va tao ra cac tham sb bat dinh trong mé hinh chuyén dong.

1.2.4.2. Ngoai nudc

- Viéc diéu khién canh tay robot mém duogc dé xuit bdi Cannon va Schmiz vao
nam 1984 [6], ho da dua ra mo hinh toan hoc va thuc hién mot s6 thi nghiém dé giai
quyét van dé diéu khién cua robot mot khau. Vi tri ciia khau chap hanh cubi dugc diéu
khién b:;ing viéc do luong vi tri va st dung cac dai luong do nhu 1 don vi chuan cho
viéc tng dung diéu khién momen quay dén diém khéac cua canh tay robot. Vi vy, no
duoc trich dan trong nhiing cong trinh ctia Harashima va Ueshiba, Wang va
Vidyasagar, Sangveraphunsiri va nhiéu nhiing cong trinh khac. Trong tit ca nhiing
cong trinh trén canh tay robot mém duge moé hinh hoéa nhu mot khau ma sai 1éch duoc
biéu dién bang mot chudi ham riéng hitu han.

Cannon va Schmith (1984) trong céc nghién cu ké trén chi ra nhiing hé
thong robot mém nay c6 dao dong tat dan xung quanh mot vi tri cubi cing mong mudn
va dua ra mot luat phan hoi trong d6 bao gom cac bién dan hoi. Hé théng duoc bu cudi
cung di chuyén nhanh vé phia vi tri cudi cing nhung cic chuyén dong trung gian
khong phai 13 min, cac nghién ctru duoc tién hanh trong diéu kién cac khau c6 bién
dang va momen din dong 16n. Dé dat duoc chuyén dong min hon, di c6 dé xuét can sir
dung cac luat diéu khién phan hoi khac nhau va ludn tham chiéu t6i mot quy dao da
chon trong khi ¢ giang dé gitt cho robot dao dong it nhat

- Balas (1982) va Book (1989) [7] gidi thiéu nhiing cach tiép can khac nhau cho
bai todn bam quy dao cua robot mém. Bai toan co ban duoc rat nhidu tic gia nghién
ctru 13 vi tri ctia tAm ban kep trong co cdu tay may mém c6 mot lién két, day 1a co s&
dé ma rong két qua nghién ctru cho cac co hé phirc tap hon vé sau nay.

- Mot k§y thuat thay thé dé giai quyét viéc theo ddi quy dao diém cubi dua trén giai
phap cua bai toan dong luc hoc nguoc ddi véi cac robot mém (Lopez-Linares va cong
su, 1991). Bong lyc hoc nguogc tinh todn mémen dan dong tai khdp phai dugce ap dung
dé c6 duoc mot chuyén dong theo chi dinh.

- Giai phap dau tién cho bai toan dong luc hoc nguoc ddi véi méot robot mém mot

khau di dugc dua ra boi Bayo (1987) [8]. K§ thuat dwgc dé xuat 1a sir dung phuong
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phap phan tir hitu han dé roi rac hod bién dang dan hoi va phuwong phap mién tan sd dé
giai quyét bai toan sd. Bayo va cong sy (1989) mé rong cac bai toan dong luc hoc
ngugc & cac hé théng da khau, phing bang mot quy trinh lap di lip lai. Gan day
(Ledesma va cong sy, 1994; Ledesma va Bayo, 1993, 1994) phuong phap da dugc ap
dung cho cac h¢ théng mém ba chiéu, giflt cac dac diém mién tan sb va 1ap di 13p lai.

1.2.5. Ung dung thuc tién ciia Robot cdnh tay dan héi

- Nhitng Robot c6 dang canh tay dai phai dan hdi dé c6 thé dé dang 1am viéc hon.
Vi du nhu: can cau trong xay dung nha cao tang:

+ K&t cAu than, can linh hoat thuén tién cho viéc lép dat, thao do, van chuyén.

+ V6i két cdu cac module nhé gon cho nén viée thao lip can cu rat don gian,
nhanh gon va an toan.

+ Trong xay dung nguoi ta thuong sir dung can tryc thap co tai trong ning tir 3-

10 tan, tam v&i 25m, chiéu cao nang dén 50m

7T 20T ST AT 1 )

"
!
"
i
4
8
L]
!
.
o

Hinh 1.14: Cau tryc thAp GM/GRT66 — 57 H

- Robot di dong véi canh tay mém cua Festo (BionicSoftArm):

+ Festo, mot cong ty cong nghé Pirc, da phat trién BionicSoftArm, mot canh tay
robot mém sir dung cac khoang khi nén dé tao ra chuyén dong linh hoat. Canh tay nay
c6 thé duge gén trén mot nén tang di dong dé thuc hién cac nhiém vu trong moi trudong
cong nghi¢p hoac dich vu.

+ Cho du 1a cac chuyén dong tu do va linh hoat hay cac quy trinh x4c dinh - nho

c4u triic mo-dun, robot nhe khi nén c6 thé duoc sir dung cho nhiéu ing dung. Két hop
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v6i nhiéu bo kep thich tmg khac nhau, n6 c6 thé gap va xir Iy nhiéu loai d6 vat va hinh
dang khac nhau. Pong thoi, no vén cé tinh linh hoat cao va khong gay nguy hiém cho

nguoi st dung ngay ca trong truong hop va cham.

Hinh 1.15: BionicSoftArm vdi bay co cau chap hanh khi nén va nhiéu bac tu do

1.2.6. Y nghia khoa hoc va thuec tién

.Y nghia khoa hoc va thuc tién:

+ Khoa hoc:

Gop phan phat trién linh vuc robot mém va robot dan hoi, thong qua viéc nghién
ctru, md phong va trién khai cdu triic dan hoi trong canh tay robot 3 bac tu do.

Cung cép co s& dir liéu va mo hinh dong luc hoc phuc vu cho cac nghién ctru sau
hon vé diéu khién phi tuyén, diéu khién thich nghi hoic diéu khién du béo trong cac hé
co cau linh hoat.

Dong vai tro nhu mdt mo hinh thi nghiém tng dung trong dao tao va nghién cuu
khoa hoc vé co dién tir, tw dong hoa, dicu khién thong minh va cam bién tich hop.

+ Thuc tién: Hé thong c6 thé lam nén tang cho viéc phat trién cac robot ¢6 canh tay
dai nhu can cau ning ha nha cao tang, robot di dong, robot chira chay....

1.3 Két luan chwong 1

- Chuong 1 da trinh bay tong quat vé Robot cong nghiép tir lich st ra doi dén céc
giai doan phat trién, nhitng wu — nhuoc diém trong cac linh vuc nghién ctru va tng dung
ctia Robot. Tim hiéu cau triic chung ctia Robot va cac phuong phap diéu khién chuyén
dong ciia Robot dé Robot ngay cang linh hoat, thong minh dap Gng nhu cau sir dung ciia
con nguoi trong moi linh vuc: san xuat, cong nghiép, dich vu... Thong qua d6 con tim
hiéu thém vé tinh dan hoi trong Robot, nhitng wru- nhuge diém va cac cong trinh nghién

cliru trong va ngoai nudc vé canh tay Robot c6 xét dén tinh dan hoi.
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Chuong 2: XAY DUNG MO HINH TOAN HQC

2.1 CAu trac

Slgp
Lapto -
g BOK( Arduino) * + Driver L —+ M1
i T 3 D(
o Driver 2 —= Encoder —= M2

oc

« Driver 3 —+ Encoder s M3

Hinh 2.1: So d4 khéi cua hé thong

* Thanh phan hé thong:

- Laptop:

+ Két ndi voi Arduino

+ Dung dé guri 1énh diéu khién, giam sat, cap nhat /thu thap dit liéu.

- BbK:

+ Piéu khién toan bo hé thong.

+ Gri tin hi¢u diéu khién dén cac driver motor.

+ Nhan phan hoi tir encoder dé thyc hién diéu khién

- M1 — Stepper Motor (Pdng co budrc):

+ Driver 1 nhan tin hi¢u tir Arduino d¢ diéu khién M1.

+ M1 1a dong co bude dung cho dé xoay ctia robot, yéu cau do chinh xac cao.

- M2 & M3 — DC Motor v&i Encoder:

+ Driver 2 va Driver 3 diéu khién hai dong co DC M2 va M3.

+ Encoder gan lién v&i dong co dé phan héi vi tri/goc quay vé cho Arduino.

+ Arduino dung thong tin nay dé diéu chinh toc do/géc quay theo PID.

2.2 Nguyén ly hoat dong

- Canh tay robot 3 bac ty do (3DoF) dan hoi duoc thiét ké dé thuc hién cac chuyén
dong xoay va gap tai ba khop co ban, tuong ing véi ba truc tu do trong khong gian. Céc
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khau ndi gitta cac khép dugce tich hop ciu tric dan hoi nham ting do linh hoat va kha
ning thich nghi khi robot thao tac véi méi truong hodc tiép xtic véi vat thé.

- Truyén dong;

+ Canh tay robot str dung cac dong co dién (stepper motor cho truc dé, DC motor

cho céac khép con lai), va co cdu dan dong dé tao ra chuyén dong tai cac khop.

+ Cac khau dan hoi c6 kha ning bién dang trong pham vi cho phép, hap thu dao
dong hodc tai bat ngo, giup bao v¢ co cdu va tang do linh hoat.

- Po ludng va phan hoi:

+ Mbi khép duge gin encoder dé ghi nhén vi tri goc quay theo thoi gian thuye.

+ Dir liéu tir encoder duoc truyén vé vi diéu khién dé so sanh véi gia tri dat trudc
(setpoint).

- Diéu khién:

+ Vi diéu khién thyc hién thuat toan diéu khién (PID) dé hiéu chinh sai léch vi tri
va diéu khién dong co sao cho canh tay dat dugc chuyén dong chinh xac theo yéu cau.

+ Trong qua trinh hoat dong, hé thong c6 kha ning ty can bang dao dong phat sinh
do tinh dan hdi cta cac khau.

+ Thu thap dir li¢u: hé thé)ng thu thap dir li€u tir cac, luu trir hodc truyén vé may
tinh dé phuc vu cho viéc giam sat, phan tich va danh gia hiéu suét.

- Tac vu thyc hi¢n: canh tay co thé thuc hién cac tic vu don gian nhu gép —di
chuyén c6 khéi luong khoang 0.5kg.

2.3. Phuwong trinh dong luc hoc

Hinh 2.2: M6 hinh 2D canh tay robot 3 bac tu do
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2.3.1. Tinh todan dong hoc thudn

- Muc dich cta bai toan dong hoc thuan la xac dinh vi tri cia khau tac dong cuoi

clia tay may khi biét cac bién khop cua tay may.
Béang 2.1: Lap bang D-H (Denavit — Hartenberg).

1 a., a d, 6
1 0 0 0 6,
2 0 90 0 0,
3 L, 0 0 0,
4 L, 0 0 0

- Trong d6: 1 1a thtr tu khop cua robot; ai-1 1a khoang céch cua truc Zi va Zi-1; ai-

1 1a d6 xodn (dugc xac dinh béng d6 1éch cua 2 truc Zi va Zi-1); di 1a khoang céach cua

Xiva Xi-1 cung vudng gbc véi truc Zi; 01 1a goc khop (goce gitra 2 true Xi va Xi-1).

- L,,L,=L_(cb dinh) + AL (c6 thé ting hodc giam)

- Cong thirc tong quat ma tran bién d6i dong nhat tir hé truc {i} so véi {i-1} 1a:

co. —s0. 0
iy _ Seicai—l CH[ Ca,, —80;,
T =
sOsa,, cOsa,, ca,
0 0 0

- Trong do:

a;
-S ai—ldi
Y O[Hdi

1

cO. = cos(6)),s0, =sin(6)),sa, =sin(a,),ca, = cos(a,)

- Ta ¢6 ma trdn chuyén doi gifra 2 h¢é truc toa do lién tiép nhu sau:

Tu {0} sang {1}:

Tu {1} sang {2}:

Tu {2} sang {3}:
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1 0 0 L
01 0 O
Tu {3} sang {4}: 3T = 2.5
{3 sang (4] e @3)
0 0 0 1
_Cl Cr3 —CiSy S chlcz |
0 S1Cz T8Sy; TG Lzslcz
Tir {0} sang {3}: = 2.6
{0} sang {3} o e 0 Ls 2.6)
i 0 0 0 1 i
- Ma tran chuyén d6i tong quat tir hé thé 0 sang hé thir 4 nhu sau:
nohe Ky P
0 0 17 2703 hy Ty Ip Py
J=T17TTT= (2.7)
By o hy Ty P
i O 0 O 1 |
_Cl 023 _cls23 Sl Cl (L3CZ3 + LZCZ )_
o $1Cyy =88y ¢ 8Ly + Lycy) 2.8)
4 — .
Sy3 Co3 0 Lysy, + Lys,
i 0 0 0 1 |

- Toa dd vi tri co cau cudi:
P =c(Lycy; + Lyc,)
P, =s,(Lycyy + Lyc,) (2.9)
P =1L;s,;+ L,s,

2.3.2. Tinh toan dong hoc nghich

- Muc dich cua bai toan dong hoc nghich 1a tim cac bién khép cia tay may khi biét
vi tri khau tac déng cudi cia tay may. Co 2 phuong phap dé giai bai toan dong hoc
nghich 1a phuong phap hinh hoc va phuong phap dai s6. O diy nhom da ap dung phuong
phap dai sb dé giai. Cac bude thyc hién duoc trinh bay dudi day:

- Ttr phuong trinh (2.7), bién d6i twong duong ta duoc phuong trinh sau:

Fno hy By B
r, I, F, P
Y A e VY (2.10)
P
By 1y Iy I
0 0 0 1|
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_’”1101 +1y8) ol IS, hC s, P +Pysl_ Ciy =Sy 0 Ly, +chz_
DG — 1Sy G —1pSp 136 — 138y Pycl —Ps, _ 0 0 -1 0
£ ) I3 P, Syy €y 0 Lisy +Lys,
i 0 0 0 1 1 L0 0 0 1 ]
(2.11)

- Tinh thetal:
Can bang hai ma tran tir phuong trinh (2.11), phan tir hang 2 cot 4:

P —Ps =0 (2.12)
Tuong duong, ta co:
P -P
R A —— (2.13)
G Px _Px

Ta thu dugc 2 nghiém tinh goéc 6, :
6 =atan2(P,,F,) (2.14)
8] = atan2(—Py,—Px)
- Tinh theta3:
Can bang hai ma tran tir phuong trinh (2.11), phan tir hang 1 ¢t 4 va phan tir

hang 3 cot 4, ta duoc:

Lc,,+Lc, =Pc +Ps
3%23 3¥2 x1 1 (215)
Lysy; +Lys, =P,
Binh phuong 2 vé hé phuong trinh (2.15), roi cong vé theo vé, ta dugc:
L +L*+2L,Lc,=(Pc +Ps) +P’ (2.16)

Thuc hién chuyén vé ta rat duoc ¢, nhu sau:
(Rccl + ‘Dys1)2 + Pz2 B (L22 + L32)
C, =
’ 2L,L, (2.17)

Sy = iwll—cf

Ta thu dugc 2 nghiém cho goc Theta3:

0, = atan2(s;,c;)
(2.18)
0, = atan2(-s,,c,)
- Tinh theta2:
Ap dung cong thirc lvong giac, ta bién ddi phuong trinh (2.15) nhu sau:
{(Lscz +L))c, +(=Lys;)s, = Pe, + Ps, (2.19)
(Lysy)e, + (L, +Ly)s, =P, '
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bat: a, = Lic; + L, a, =—L;s;, ay = Lss;, dp = L3C3 +L2 ,a=Pc +Ps,,
b=P
Phuong trinh (2.19) twong duong:

a, ¢, +a,s, =a
112 122 (220)
a,,C, + a8, =b
Ap dung phuong phép Cramer giai phuong trinh (2.20):
¢, = _aa, —ba,, 2.21)
ay,ay, —ay 4y,
5, = _ab-aa (2.22)
ay Ay — Ay dy
Ta tinh dugc 1 nghi€ém cho goc 6, :
6, =atan2(s,,c,) (2.23)
2.3.3. Tinh todn dong luc hoc
- )
L3/ M3
qg\l
/|
VI m = — -
m2 |
|
L | I
g2
| |
\ | 1 —
x1 X2
Hinh 2.3: H¢ truc toa dd ctia tay may
4,,4,: Goc quay cua tung khau
l,, I,: Chiéu dai cta timg khau
m, , my: Khéi lugng toan bo ciia mdi khau
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a) Vitri

Khau 1: {xl =1 cosq; (2.24)
W =1,8ing,

x, =1, cosq, +1, cos(q, +q5)

v, =1,sing, +1; sin(q, + q;)

b) Vén toc

Van tdc cua Robot: V2 =% + j (2.26)

Khau 2: { (2.25)

YV, = X, =—l,sing,q,
Véi: , , (2.27)
Va="h= [, c0s 4,4,
Vi, = %2 =—1,sin %q‘z —15(g, +¢;)-sin %(q‘z +q‘3) (2.28)
v, =V, ==1,c08q,4, —1;c08q,(q, + 4;)(4, + g3)
Van toc khau 1: v =2+ 52 (2.29)
= V12 = (L,4, cos %)2 +(/,4, sin %)2
v’ =17G,"cos’ q, +1,°q,” sin’
12 22‘?22 2‘]2 2"]1 q, (2.30)
< v =1"¢, (cos” g, +sin” q,)
= V12 = 22%2
Van téc khau 2: v,? = 1,2 + 3, (2.31)

=v,” =[~1,sing,g, — (¢, +¢5)-sinq,(q, + q;)1’ +[ 1, c0s ¢,4, —L; cos q,(q, + q;)(g, + )T’
o v, =124, cos’ g, +1,°¢,” sin® g, + 17 (¢, + ;) cos’ (g, +q;) + 1 (¢, + ;) sin’(q, +q;) +
[20,4,,(q, +d5) cos , cos(q, +¢,)]+[24,4,L (4, + ;) sin g, sin(g, +¢,)]

v =574, +17(g, + ) +20h,1(g, +4,)cos(q, —q, +5)]

o2 =024," +17(4, +¢,)* +25¢,k (g, +¢;) cos g,

2 2.2 2, . . \2 s .. (232)
SV, =47q, +17(4, +q3)" +2L,1(4," + ¢4,) cos g,
c) Dong nang
1
K=-—m’ (2.33)
2
Khau 1: K, = %mzvf _ %mzz;q; (2.34)
A 1 1 . L P ..
Khau 2: K, = Em3V§ = Ems[lzz‘bz +17(q; +¢5)" +2L,15(d,” +¢54,) cos g ] (2.35)
Téng dong nang: > K =K, +K, (2.36)
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1 ) 1 ) ) ) .. ..
K= Emzlzz%z +Em3[122%2 +l32(% +Q3)2 +2[213(%2 +4,4,)c08q; ]
. . (2.37)
= K= E 22‘222(’"2 +m3)+5m313[13(‘22 +q‘3)2 +2lz(¢]22 +4,4,)c08q, ]

d) Thé ning

P=mgy (2.38)
Khau 1 B =m,gy, =m,gl,sing, (2.39)
Khau 2: P, =m,gy, =m,g[l,sing, +/,sin(q, +g;)] (2.40)
Téng thé ning: > P=R+P, (2.41)
P=m,gl, sing, + myg[l, sinq, +[;sin(q, +q,)] (2.42)
= P =gl, sing,(m, + my)+L,m,g sin(q, + q;)
- Ham lagrange:
L=>K->P (2.43)
1. 5. 1 } ) ) . .
L= Elzzqzz (m, +my)+ §m3l3[l3 (g, + 613)2 + 212(‘]22 +45q4,)cosq;]—
[gl, sin g, (m, +my) +L,m, g sin(g, +q;)] (2.44)
1. ,. 1 . . ) ..
L= 5122%2 (m, +my)+ 5”13132(% + %)2 +myll, (%2 +G54,)Cc08q;) —
(m, +my)gl, sinq, —m,gl, sin(q, +q,)
e) Phuwong trinh dong luc hoc tay may
_afoL)_ oL (2.45)
T dt 8q oq
Ta co
oL ) )
— =—(m, +my)gl, sinq, —mygsin(q, +q;)
66]2
oL
6_ = (m, +m3)lz q, +m31 (g, +¢5) +my,1(2q, +q,) cos g,
8"; (2.46)
y =-myl,l (c]2 +4,4;)sinq, —m,l,g cos(q, +q;)
3
oL
a_ = myl}* (¢, +q5) + msl,1q, cos g,
d oL
d_ 3_ =(m, +m3)lz q, +m3l (G, +G;) + mLL (24, +q5) cos gy —myL, (24,45 + ¢, )qus
(2.47)
d, oL e .. L
—*—=ml;" (g, +Gy) + mL, LG, cos g, —my,1ig,q, sing,
dr 0q,
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= F, =[(m, + ni, )122Q2 + m3l32 (g, + %) + m31213 (24, + Q3) COS g,
—myL,1, (24,4, + ¢, ) sin g, 1+ (m, + my )L, g cos g, + myl,g cos(q, +q;) (2.48)
= F =[(m, + my); + ml;> +2m,L1, cos q,1G, +[mly° + myll, cos g, ]G, —

my,1(2G,q; + ¢5>)sin g, + (m, +my)l,g cos q, + myl,g cos(q, +q;)

_d,0L oL
P odt oq, oq,
= F, =ml,’ (§, +G,) + mlLLg, cosq, —myl,1,G,q, sing, (2.49)

+myl,l, (q§ +4,45)sing, + myl,g cos(q, +q;)
= F, = [m3]32 +myl )l cos q;)]g, + m3l32q3 + 7”31213422 sing; +myl;g cos(q, +q;)

K
F={;}=M(Q)*Q+N(61)Q+G(CD (2.50)

2
- Trong do:
M: Ma tran c4p (nxn) dic trung cho quén tinh
N: Ma tran cap (nxn) dic trung cho lyc li tim va lyc Coriolit
G: Ma tran cap (nx1) luc trong truong
- Voi:

7, =[(m, +m, )122 + m3l32 +2myl[ cos q;]q, + [’”3132 +myl, [ cos q;1q;

L. (2.51)
—myl,1(24,9; +q;)sin g, + (m, + my)l,g cos q, + mylsg cos(q, +q;)
t, =[myl> + myLL, cos q))G, +mil, Gy +myllLg,” sinq, +myl,g cos(q, +q;) (2.52)
- Ta co:
P {Fl } _ {(m2 +my)L’ +ml” +2mlLl cosq, myl +mll cosq, || 4,
R ml> +mL1 cosq myl, q
2 i 3 3 3%2%3 3 3%3 3 (253)
n —myl,15(24,4; + ¢;")sin g, + |:(m2 +my)gl, cos g, +mygl; cos(q, + %)}
my,1.q," sing, m,gl, cos(q, +q;)
M(q) = |:mll mlz}
my My
my, = (m, +my)L,* +ml? +2ml, L cos g, (2.54)
my, =y, = myly? +myLl cos gy = my (" + 1,1, cos g;)
my, = 7”3132
Sinh vién thuc hién: Mai Xuan Diing Hudng dan: TS. Nguyén Hoang Mai 26

Pham Vian Tién



Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

ny Ny
N(g)q { }

2 My
ny, =-mLL (24,4, + ¢, )sin g,
n, =n,, =mllLq,> sing,
ny, =0

g(q,)
g(qg)}
g(q,) =(m, +m,)gl, cosq, + m,gl, cos(q, +q;)
8(q;) = mygl; cos(q, +q;)
Hg¢ phwong trinh trang thai:

G(q) {

Dit bién trang thai cho khép 1 va khép 2 nhu sau:
N
12 q,
il
X2 q,
NP u, 7,
Va tin hi€u vao U: U = =
u, 3}

Hé phuong trinh vi phéan trang thai ctia khép 1 va khép 2 duoc viét:

X :xlz
Khop 1: < . 2
X :al(X)+Zquj
=]
le :xzz
Khép 2: 4 | 2
Xy :az(X)+Zb2ju/.
=1

Khi d6 phuong trinh dugc viét lai:

|:Tl:|:|:hll hlz:|{%}+{nu n12:||:q‘1}+|:gl:|
7 h,  hy, |4, Ny Ny || 4, P
bat:

X =G5 X =q53%, =q55X =q35X) = (35X =q55U =T5U, =T,

:>|:ulj|=|:hll hu“?ﬁz}_i{nn nm}|i’ﬁz}4{gl}
u, My hy || X5 Ny Ny | X2 &>

Vay:
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by = hyuy + hyyny X + hyynp X, + hy g — hpny x, =y g,

12

h12h21 _h22h11 (2.63)
o= Iy = by + hyny x, + g x, + hy g = hyng xp —hy g,
2
hzzhn _hthZI

Nhu vay mo hinh tay may robot 1a mot h¢ mot dau vao mdt dau ra, dugc mo ta
béng hai hé nho, mdi hé tuong trng voi tung khédp 1 va 2, duge dac trung boi hai hé
phuong trinh vi phan trang thai.

2.3.4. Xdy dung mé hinh todn hoc cho cé xét dén dan hoi

- Khi c4c canh tay robot c6 kich thude 16n hoat dong (nhu may nang ha nhiéu bac
t do) thi d6 dan hoi vat lidu sé xuat hién va gay ra nhiing hi¢u ing phi tuyén manh, dan
dén kho diéu khién chinh xac vi tri néu ding cac phwong trinh mé ta canh tay may thong
thuong nhu phuong trinh Lagrange II cho tay mdy cing. Do d6 viéc xay dung mot
phuong phap tinh todn bu sai s6 diém cubi do bién dang dan hoi cua cdu trac dudi anh
huong cua ngoai lyc la rat can thiét.

- Hinh trinh bay so do hé théng robot dan hoi va sai 1éch vi tri khau cudi do anh
hudng cua bién dang dan hoi. Hai canh tay dan hoi dugc ndi v6i nhau bang cac khép

quay dugc gia dinh 1 trong ciing mat phang chuyén dong.

[

®,(x,.1)

Hinh 2.4: Hé robot dan hoi
*Xdc Pinh Bién Dang Pan Hoi Bang Phiong Phap Ché B Gid Dinh
- Phuong phap ché do gia dinh 1a mot phuong phap pho bién vi n6 han ché s6 bac
tu do cua do6i tuong tr v han dén hiru han v6i mot sb lugng tuong ddi nhé céc toa do
tong quat. Cac hinh thic gia dinh thuong dugc sir dung nhu 14 dung cac ham co sé dé
xap xi mot chuyén vi lién tuc. Cac bién dang dan hoi cta canh tay duoc dua ra boi sy

két hop tuyén tinh ctia cac ham co s& va toa do tong quat.
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

Nz'i
V(%) = DD, (x)8,(t) (2.64)
1

Vi:

- 5 1a toa do tong quat cta vecto bién dang dan hoi.

- D.(x;) 1a ham co s¢ thtr j cta khau 1.

- Géc quay thuc té cta timg khau xap xi v6i goc yi va duge mo ta boi (v6i 0i goc
quay trén 1y thuyét ctia khau i):

Y, =0, ivi(xi,t)

- Sir dung gia thiét (I), phuong trinh dong lyc cia lién két tai mot diém khong gian
ty ¥ x, doc theo lién két tai mot thoi diém t c6 thé duoc viét bang 1i thuyét Euler-Beam
trong tai li¢u [9] nhu sau:
a4vi (‘xi,t) + azvi (xi,t)

ET),
( )1 84xi ID atz

-0 (2.65)

Véi pla mat d6 khoi luong cua khau thi i.
Thay v,(x,,) tr phuong trinh (2.64) vao (2.65) ta duoc:
(ED), d'd,(x) _ 1 d's,(t) _ 2

. 2.66
pD,)  dd @ df (260
Véi o) la hang s, tir phuong trinh (2.66) ta suy ra:
d*(EN,(d*D,; / dx’)
x> - _a);pigg =0 (267)
Va:
d°5,(0)
dtjz +@;6,(1)=0 (2.68)
T phuong trinh (2.68) ta suy ra:
5,(t) = exp(@, (1)) (2.69)
Va tur phuong trinh (2.67) ta co:
D (x;) = N,[cos(B;x,) — cosh(B,x,) + y, sinh(B;x,) — cosh(,x;)] (2.70)
Vi y, dugc cho bai tai ligu [6]:
B sin ,BU. —sinh ﬂij +ME,~,3,-j (cos ,B,.j —cosh ﬂij) —MDEI.,BI.]‘2 (sin ,Bl.j +sinh ,Bl.j) 2.71)
Ty = cos B, +cosh B, — M, . (sin B, —sinh 8,) — M .. 3.* (cos B, —cosh f3,) '
Va g, duoc tinh béi phuong trinh sau, cho bai tai ligu [9]:
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1+cosh B,/ cos .1, =M . B, (sinh 3,1, —cosh 8,1, sin B,1,)~ I, 3’ (sinh 8,1, +cosh .1, sin §,],)

iji [/ i i

+M 1, p, (1-cosh B, sin 1)+ M. B, (1-cosh B sin f,1) - 2M . . sinh .1, = 0

ijti iiti i

(2.72)

- Trong d6: M., I,, lan lugt 1a khdi lwong hiéu dung, mé men quan tinh cta diém
cubi khau thir i, M,,, 1a khéi lugng céc thanh phan thudc cac khau sau. B;1a tham sO

di€u ki¢n bién cua khau i, Njj 1a hang s6 dugc cho bai:

i
N, = (19, ()T dx, = m, (2.73)
0
- Vay hﬁng sO a)j s€ dugc xac dinh boi cong thure sau, tai liéu [9]:
2
1) 2.74
=, ¢

- Ttr cac phuong trinh (2.68) dén (2.74) ta s& xac dinh dugc ham bién dang dan
hoi trong timg khau ctia robot.

2.4. Tong quan vé bd diéu khién PID

2.4.1. Céu triic chung ciia BPK

um e [ X(t) y(®)
f o{ ) W TBPK H - DTHK - .
*
Z(t)
TBDL
CPTH

Hinh 2.5: Cau tric hé thong diéu khién

- Trong do:

+ DTDT: Bdi tuong diéu khién

+ TBDK: Thiét bi diéu khién

+ TBPL — CDTH: Thiét bi do ludng va chuyén dbi tin hiéu.

+ U(t): La tin hi€u vao cua hé théng —con goi 1a tin hiéu dat hay dai luong chu dao
dé xéac dinh diém 1am viéc cta hé théng.

+ y(t): Tin hiéu dau ra cta hé thong. Pay chinh 14 dai lvong dwgc diéu chinh.

+ x(t): La tin hiéu diéu khién tac dong 1én ddi tuong.

+ Z(t): La tin hiéu phan hoi.
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- Thiét bi diéu khién 14 thanh phan quan trong nhat duy tri ché d6 1am viéc cho ca hé
thong diéu khién.

2.4.2. Phwong phdp xdc dinh tham sé6 PID

- Tén goi PID 1 chit viét tat cia ba thanh phan co ban c6 trong bo diéu khién gdm
khau khuéch dai (P), khau tich phan (I), va khau vi phan (D).

Up
l Y e | & y
€ o . u ® u_ | Daéitugng
— k > — g —
P T,s u’ﬁ?_’ ——| HD diéu khién
a) b)

Hinh 2.6: B diéu khién PID
- B diéu khién PID duoc sir dung kha rong rii dé diéu khién d6i twong SISO theo
nguyén 1y hoi tiép. Bo PID dugc sir dung rong rdi nhd tinh don gian ctia nd ca vé cau
truc va nguyén ly lam viéc. B PID c6 nhiém vu dua sau léch e(t) cua hé théng vé 0
sao cho qua trinh qua d6 théa mén cac yéu cau co ban vé chat luong.
- Céc thanh phan cua bd PID
a) Khau ti l¢

15

- v T T . 3

:
—— reforence signal |
J

05

0 2 4 B 8 10 12 14 16 18 2

Hinh 2.7: D6 thi dap tng theo thoi gian véi Kp thay doi
- Khau ty 1€ (d6i khi con dugc goi 1a d6 lgi) lam thay doi gia tri dau ra, ty 1€ voi
gia tri sai s6 hién tai. Pap Gng ty 1& c6 thé dugc diéu chinh bang cach nhan sai s6 d6
v6i mot hang s6 Kp, duoc goi 1a d6 1oi ty 18.
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- Khau ty 1€ dugc cho boi:
P, =K, .et) (2.75)

Trong do:

P, : thir sb ty 1é ctia dau ra

Kp: D6 loi ty 18, thong sb diéu chinh

e: sai s6

t: thoi gian hay thoi gian tie thoi (hién tai)

- Néu do loi cua khau ty 1€ qua cao, h¢ théng s¢ khong 6n dinh. Nguoc lai, do loi
nho va 1am cho bo diéu khién kém nhay, hoic dap ing cham, khong dap tng véi cac

nhi€u cua h¢ thong.

b) Khau tich phdn
1.5 T T T T
/\X\M =2

A 7 N —
— o —

5| Kp=1K=1Ki=1
Ki=05

0 .':‘ ' =I\. B 1] ':" I-I E I::t 21

Hinh 2.8: D6 thi dap Gng theo thdi gian voi Ki thay doi
- Phan phdi ctia khau tich phan (d6i khi con goi 13 reset) ty 1& thuan véi ca bién do
sai s6 1an khoang thoi gian x4y ra sai s6. Bién d6 phan phdi cua khau tich phan trén tat
ca cac dong diéu chinh duoc xac dinh bai d6 loi tich phan, Ki.
- Thira sd tich phan duoc cho bai:

1,, =K [e(x)dr (2.76)
0

- Trong do:

Iy thira sb tich phan cia dau ra.

Ki: d6 loi tich phan.

e: sai sd.

t: thoi gian hoac thoi gian tue thoi (hién tai).

7: mot bién tich phan trung gian.

- Khau tich phan (khi cong thém khau ty 18) lam ting toc d6 dap ung. Tuy nhién,

vi khau tich phén 1a dap tng cta sai s6 tich lity trong qua khir, néu KpKp 16n => vot 16.
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c¢) Khéu vi phan

=1 kKd=1

Hinh 2.9: D6 thi dap Gng theo thoi gian voi Kd thay doi
- Khéu vi phan xé4c dinh toc do thay ddi cua sai so.

- Thira s6 vi phan duoc cho bai:
d
D =K, —el(t
out d dt ( )

- Trong do:

Dout: thira s6 vi phan cua dau ra.

Kd: Do o1 vi phan, mQt thong s6 diéu chinh.
e: Sai sd.

t: thoi gian hodc thoi gian tue thot (hién tai).

(2.77)

- Khéau vi phan lam cham toc dg thay doi cua dau ra bo di€u khién -> gidm bién do

vot 16 duoc tao ra boi thanh phan tich phin va ting cuong d6 6n dinh cta bo diéu khién

hop 1y.
d) Tom tdt

- Diéu khién ti 1¢ (KP) c6 anh huéng 1am giam thoi gian 1én va s& 1am giam nhung

khong loai bo sai s6 xac 1ap. Piéu khién tich phan (KI) sé& loai bo sai sb xac 14p nhung

c6 thé 1am dap tmg quéa d6 x4u di. Diéu khién vi phan (KD) c6 tac dung lam ting su 6n

dinh ctia hé théng, giam vot 16 va cai thién dap tmg qua do. Anh hudng ctia mdi bd

diéu khién KP, KI va KD 1én hé thng vong kin duoc tom tit & bang bén dudi:

Bang 2.2: Anh huong cua mdi bd diéu khién Kp, Ki, Kd

Dbép tng vong kin Thoi gian 1én | Lot vo | Thoi gian xac lap Sai s6 xac 1ap
Kp Giam Tang Thay d6i nho Giam
Ki Giam Tang Tang Loai bo
Kd Thay d6inho | Giam Giam Thay d6i nho
- B6 diéu khién PID duoc mo ta bang mé hinh vao ra:
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de(t)

u(t) =k, [e(t) + (2.78)

j.e(t)d +T,

N —

- Trong d6 e(t) 1a tin hiéu dau vao, u(t) 1a tin hiéu dau ra, ke duoc goi 1a hé sb
khuéch dai, Ti1a hing sb tich phan, Tp 1a hang s vi phan.

- Ttr mo hinh vao ra trén ta c6 duoc ham truyén dat cta bo diéu khién PID:

R(s) :kp(l—l—L+TDs) (2.79)
Ts

1

- Chét luong hé thé)ng phu thudc vao cac tham s6 ke, Ti, Tp.

2.4.3. Phwong phap Ziegler-Nichols

- Phuong phép Ziegler-Nichols 1a phap thuc nghiém dé xac dinh tham sé bo diéu
khién P, PL, hoidc PID bang cach du vao dap ung qua do cua ddi tugng diéu khién. Tuy
theo dic diém ciia ting dbi twong, Ziegler va Nichols dua ra hai phuwong phap lwa chon
tham s ctia bo diéu khién:

- Phuong phap Ziegler-Nichols thit nhat: Phuong phap nay ap dung cho cac ddi
tugng c6 dap tng d6i véi tin hiéu vao 1a ham nic c6 dang chit S (hinh 1.9) nhu nhiét

do 10 nhiét, téc do dong co...

>
>

T T2 t

Hinh 2.10: Pap tng nac cua hé hé ¢ dang S
Bang 2.3: Céc tham sb PID theo phuong phéap Ziegler-Nichols thir nhat

Kr Ti To
P T2/(k.T1) - -
PI 0.9T2/(k.T1) T1/0.3 -
PID 1.2T2/(k.T1) 2T 0.5T

- Phuong phép Ziegler-Nichols thir hai: Phuong phép niy ap dung cho dbi tuong
c6 khau tich phan 1y tudéng nhu myc chét long trong bon chira, vi tri hé truyén dong
ding dong co... Pap tmg qua do ciia hé ho cua d6i tugng ting dén vo cung. Phuong

phép nay dugc thuc hién nhu sau:
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(1)

() e(t) xit)
—{ f K PTBK

M
-

Z(t)

Hinh 2.11: Xac dinh héng s6 khuéch dai t&i han
- Thay bo diéu khién PID trong hé kin bﬁng b6 khuéch dai.
- Tang hé s6 khuéch dai t6i gid tri t6i han kth dé hé kin & ché do bién gidi on dinh,
tire 14 h(t) c6 dang dao dong diéu hoa.
- Xéc dinh chu ky Tth cua dao dong:
h(t)
1006

80

I IVAVAVAVAVA
20 CTw
1 k

0 5 10 15 20 25 30 35 ¢t

Hinh 2.12: Pap ung nac cia hé kin khi k = kth
Bang 2.4: Céac tham sb PID theo phuong phap Ziegler-Nichols tht 2

Kr Ti To
P 0.5kth - -
PI 0.45kth 0.85 Tth -
PID 0.6 kith 0.5T 0.125 Tt

2.4.4. Diéu khién PID sé

Dé str dung bo diéu khién PID trong vi diéu khién hodc trén may tinh, can chuyén
d6i tir mo hinh lién tuc sang roi rac bang cach xap xi phwong trinh lién tyc thanh dang
roi rac.

Roi rac hoa thanh phan dao ham:
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

% = (e(k)—e(k—1))/ h (2.80)
Trong d6 e(k) 1a gia tri hién tai cia e, e(k—1) 12 gia tri ctia e trong lan 1dy miu trudc

d6 va h 1a khoang thoi gian 1dy mau (h 13 hang sb).
e A

e(k-1)

e(k)

Hinh 2.13: Xép xi dao ham cua bién sai s6 e
- Roi rac hoa thanh phan tich phan:

k

je.dtzZe(k)*h (2.81)

Hinh 2.14: Xap xi tich phan cta bién sai sd e

- Tong hop cac xap xi, cong thirc ctia bo diéu khién PID sb dugc trinh bay:
_ _ k
U(t) = Kp.e+w+2e(k)*h (2.82)
0
- Trong d6 U(f) 1a dai luong output ctia bd diéu khién. Dé don gian hoa viéc tinh

thanh phan tich phan, chung ta nén dung phuong phap “cong don” (hay dé quy):
I(k)y=1(k—-1)+e(k)*h (2.83)
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

- V6i I(k) 14 thanh phan tich phan hién tai, /(k—1) 13 thanh phan tich phén trudc do.
Céc cong thirc trén rat dé dang dé thuc hién bang vi xir 1y. Do d6, dén budc nay ching
ta dd c6 thé dua bo PID sb vao chip xir 1.

2.4.5. So' do ciu triic HTPK Robot sir dung PID

8, e u g
PID ROBOT

v

h 4

Hinh 2.15: So d6 khéi hé thong diéu khién Robot st dung PID
- Trong do:
0, la vecto goc quay dat cua bién khép.
6 1a vecto goc dap tmg cua bién khép.
- Cau tric b diéu khién PID gom cac luat diéu khién ty 1é - dao ham - tich phan

nhu sau:

T=er+KDe+KJe(t)a’T (2.84)
0

- Trong do:
+ K ,-ma tran duong chéo cac h¢ s6 khuéch dai cua 2 khép dong:

K, =diag(K K ,) (2.85)

oo
+ K, -ma tran duong chéo ctia hé s6 dao ham cta 2 khép dong:
K, =diag(K,,,K,,) (2.86)
+ Ki - ma tran dudng chéo cua hé sb tich phan cua 2 khép dong:
K, =diag(K,.K,,) (2.87)
e - sai sO vi tri cia khép dong: e=0, -0
¢ - sai sO tbe do: ¢=6, -6
- Bé diéu chinh bo diéu khién PID c6 thé sir dung phuwong phéap xap xi tuyén tinh,
phuong phéap diéu khién tach kénh. Ngoai ra ciing c6 thé sir dung phuwong phap chinh
dinh thong s6 qua mo phong trén Matlab — Simulink.
2.5. Pé xuit cho hé thong

2.5.1. Phan cirng
- Dung 10 x06 1am khop canh tay.
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

- Dung hop sé dé ting momen quay cho dong co.

- Duing dong co DC giam tdc két hop voi encoder dé diéu khién chuyén dong cac
khép canh tay.

- Duing dong co step két hop v6i banh ring 1am co cdu chuyén dong cho phan dé
X0ay.

- Dung Arduino dé 1am bg diéu khién cho hé théng.

2.5.2. Phin mém

- Solidworks: dé thiét ké mé hinh 3D cho canh tay robot.

- AutoCAD: dung dé v& céc chi tiét 2D, str dung dé cit CNC lam san pham co khi.

- Matlab: dung dé mé phong dong luc hoc cua canh tay.

- Visual Studio Code: Viét giao dién diéu khién va hién thi dit liéu.

- Arduino IDE: dé viét chuong trinh diéu khién.

2.6. Két luan chwong 2

O chuong nay ta nghién ciru phuong trinh dong luc hoc cia tay may 3 bac tu do
cling nhu ham bién dang dan hoi téng quat cua mot khau. Dé tir d6 xac dinh duoc luc
ctia khau thu i, day 1a thanh phan déng vai trd quan trong khi xay dung so dd khoi dé
thiét 1ap ham diéu khién cho tay may 2 bac tu do. Tim hiéu vé bd diéu khién PID va dé

xuat phan mém, phan cting cho hé thong.
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

Chuong 3: THIET KE VA TINH CHON HE THONG PIEU KHIEN

3.1. Tinh toan va lwa chon thiét bj

1. Bong co DC

- Tinh chon ddng co:

+ Ta c6 khéi luong tai: 0,5kg

+ Khoéi luong khau 3: 1kg, chiéu dai 13: 30cm

+ Khoéi luong khau 2: 2kg, chiéu dai 12: 35cm

+ Hop sb str dung cho dong co DC loai tua vit c¢6 ty sb truyén 1:20
- Tinh md-men xodn tai tig khép

=(m+m,).g.L, =(1+0,5).9,81.0,3=4,41Nm

' (3.1)
T, =m,.g.L,+(m,+m,).g.(L,+L,)=29,81.0,35+(1+0,5).9,81.(0,3+0,35) =16,43Nm
- Momen xoén khi dung hop sd, hiéu suat hop s6 13 90%
R S ' S N
20.0,9 20.0,9
> 20T6 9 21(?’(?39 =0.91Am
0 2'5’ ; (3.2)
T,=—=2=0,42Nm
0,6
7, =% 1 sonm
0,6

- Do luc ma sat gitta cac co cau va dam bao an toan, nén luc chon dong co co

momen xoan 1én hon 30-40% so v&i tinh todn nén momen xoan can chon cho tirng dong

CO.
T, = 06265 =0,42Nm
0 ’91 (3.3)
T,=—"-=1,52Nm
0,6

- Chon dong co JGB37-545 24V 110rpm c¢6 momen xoan dinh muc 1,8Nm va
JGB37-545 24V 320rpm c6 momen xoan dinh muc 0,7Nm.

- Ly do chon:

+ Kha ning chay qué tai: Pong co DC c6 thé chiu duoc tinh trang qua tai trong
thoi gian ngan (150% dén 200% cong suat dinh mirc) ma khong hong hoc ngay 1ap tuc,

phu hop cho cac mg dung canh tay robot can lyc manh trong thoi gian ngén.
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

+ Diéu khién linh hoat: Pong co DC dé diéu chinh toc d6 va md-men xoan thong

qua dién ap hoic dong dién, phi hop cho cic chuyén dong mugt ma cia canh tay robot.

+ Chi phi thap: Pong co DC thudng ré hon so v6i dong co budc va servo, dic biét

trong cac mg dung khong yéu cau do chinh xéac cao, gitip giam chi phi tong thé cho hé

thdng robot.
2. Nguon dién

- Tinh chon nguodn dién:

Bang 3.1: Thong s6 céc thiét bi

Thiét bi Pién | SH Dong moéi thiét | Tong | Cong
ap(V) | lugng | bi(A) dong(A) | suat(W)

bong co DC 24 2 4(chay qua tai) 8 192

JGB37

Dong co budce 24 1 4 4 96

57HS

Servo MG90 5 1 1 1 5

Encoder Omron 5 2 0.1 0.2 1

Arduino mega 5 1 0.5 0.5 2,5

2560

Drive TBS7960 2 0.05 0.1 0,5

Drive TB6600 0,05 0,05 0,25

Tong 13,85 |297,25

a) Khi hé thong hoat dong & ché do cho

- Lac nay, chi ¢c6 Arduino Mega, 2 encoder, va cac driver di€u khién dong co hoat

dong. Nén dong tiéu thu vao khoang: [ =0,5+2x0,14+0,05x3=0,854

- Cong suat tiéu thu twong tng: P=5x0,85=4,25l

b) Khi hé thdng hoat dong binh thuong

(3.4)

(3.5)

- Cac dong co DC, STEP va servo hoat dong, dong di¢n ti€u thu luc nay vao

khoang:

[=0,854+2x2+4+1=9,854

- Cong suat tiéu thu twong ung: P=5x(0,85+1)+24x8=20125W

¢) Khi h¢ thong hoat dong qué tai

Sinh vién thuc hién: Mai Xuan Diing
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

- Khi dong co bat ddu khoi dong, hoic hoat dong trong qua trinh qua tai thi dong
dién tiéu thy luc & mirc cao nhat:

1=0,85+2x4+4+1=13,854 (3.8)
P=5x(0,85+1)+24x13=297,25W (3.9)

- Chon ngudn t6 ong 24V-25A (du 40% so v6i nhu cau thyc té gitp hé thong on
dinh, khong bi sut 4p va Tang tudi tho nguén).

3.2. Thiét ké phan cirng hé thong

- Robot dugc thiét ké gdm 3 khdp xoay, sir dung co cAu banh rang cho dé quay va

str dung hop sb cho khép 2 va 3 dé ting momen quay ctia dong co.

- Chiéu rong dé 150mm, chiéu dai 350mm, chiéu cao 150mm

- Chiéu dai link 2 khoang 300mm, rong 50mm

- Chiéu dai link 3 khoang 350mm, rong 50mm
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

Hinh 3.1: M6 hinh canh tay Robot 3DoF dan hoi
3.3. So @6 va thuit toan diéu khién

3.3.1. So dé nguyén li mach diéu khién

Hinh 3.2: So d6 nguyén li mach diéu khién
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

- Ngudn cap dau vao 1a ngudn to ong 24VDC-25A cung cip dién cho toan bo hé
thdng, st dung module giam ap LM2596 dé bién d6i dién 4p dau vao cung cip cho
Encoder Omron va BTS7960.

- Thir ty ndi chan:

+Chan PUL+ va chan DIR+ cta TB6600 dugc ndi lan lugt vao chan 6, 7 cua
arduino.

+ Chan Len, Ren BTS7960 cho dong co DC khép 2 dugc kich mirc cao dugc ndi
vao chan 8,9 cua arduino; cac chan diéu khién huéng quay Lpwm va Rpwm dugc ndi
vao chan 10, 11 cua arduino. Encoder duoc ndi vao chan 2,4 cua arduino.

+ Chan Len, Ren BTS7960 cho dong co DC khop 3 dugc kich mure cao dugc ndi
vao chan 12,13; cac chan diéu khién huéng quay Lpwm va Rpwm duoc ndi vao chéan 3,
5 ctia arduino. Encoder dugc ndi vao chan 20, 21 cua arduino.

3.3.2. Luu do thudt todn

Bitdin

'

Khdi tz0 cdc chin
Thiét 13p Serial

=]

Thue hign qua trinh
homing, cip nhip gid tri
goe s2u khi homing

Kiém tra ¢ serial
co dir idu

Tinh pwm cho déng co
pid, va bude cho dong co
step

1 ne

Hinh 3.3: Luu do thuat toan diéu khién
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

- Khi bat dau chay, Arduino dugc két ndi v6i may tinh, thiét 1ap cac chan diéu
khién cho dong co va cam bién do gbc. Tu do, Arduino lién tyc doc gia tri tr cam bién
dé tinh goc quay hién tai ctia dong co va giri théng tin nay cho mdy tinh déu din sau
moi 100 mili gidy.

- Trong khi do, Arduino cho doi 1€nh ttr may tinh. Néu chua nhan duoc 1énh gi, no
tiép tuc giri dir liéu. Khi c6 1énh giri dén, Arduino s& kiém tra noi dung 1énh. Néu 1a 1énh
“HOME?”, Arduino thyc hién homing bang cach di chuyén timg dong co dén vi tri gdc
dwra trén cong tic gidi han, sau d6 di chuyén dén vi tri mac dinh (0°, 60°, -45°). Néu 1énh
yéu cau dong co quay t6i mot goc cu thé, Arduino s& tinh toan hudng va khoang cach
can quay, sau d6 diéu khién dong co bang tin hiéu PWM (cho dong co DC) hoic tin hiéu
budc (cho stepper) dé quay dén dung vi tri.

- Trong subt qua trinh quay, Arduino lién tuc kiém tra xem dong co da dat dén goc
mong mudn chua. Néu chua, né tiép tuc diéu chinh; khi da khép goc, Arduino sé ty dong
dung dong co. Qua trinh nay dugc 1ap di 1ap lai cho dén khi Arduino bi tat.

A

thiét I3p cdc buston
vade thi

Cho phep nhip goc, tinh
dong hoe thuin, i gid
tr1 zoc to1 Arduino

Cho phép nhip vitr

(x.,2), tinh dong hoe

nghich, g gid tri goe
a1 Arduino

Ché d5 nghich

Nhap ham thee thon
gian, tinh todn vactor,
£ 513 i1 vecter tal
arduino

Cha d3 vector

l yes

G lanh home, cip
nhip gée lén giao
dién khi hommg xonz

.

Chon ché 43

v

A

.

C3p nhip zid tri ddt v zid
tn thue té theta 2 va
theta3 1an biu dd

|

Két thie

Hinh 3.4: Luu do thuat toan cho giao di¢n diéu khién
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

- Khi giao di¢n bat dau chay, kiém tra xem c6 két ndi Serial giltta may tinh va
Arduino hay khong. Néu khong co két ndi, hé théng s& chd va yéu cau kiém tra lai phan
ctng. Néu két ndi thanh cong, cac chirc ning giao dién s& duoc bat 1én.

- Sau khi giao dién dugc bat 1én, Nhan "Home" gui 1énh "HOME" qua Serial, cho
phan hoi thong bao qua trinh homing hoan tat. Sau d6 ngudi dung c6 thé chon giita ba
ché d6: ché d6 thuan, ché do nghich hoac chay theo vector. Trong ché @6 thuén, nguoi
ding s& nhap vao céc gia tri goc thetal, theta2 va theta3 roi guri cac gia tri d6 dén Arduino
dé diéu khién truc tiép. Nguoc lai, trong ché do nghich, nguoi dung s€ nhap toa do dich
(toa d6 diém can di chuyén dén), hé thdng s& tinh toan cac goc twrong ung théng qua
thuat toan dong hoc nghich va sau doé guri Xuéng Arduino dé thuc hién. Con & ché do
vector, nguoi dung nhap ham theo thoi gian cho ting khdp, sau dé giao dién s€ tinh toan
ra chudi vector(co thé thay doi gia tri trong vector theo thoi gian 1dy mau trén giao dién).

- Sau khi dir liéu da dugc nhap vao va gui di, giao di€n s¢€ kiém tra nat Start bat
chua dé bat dau qua trinh diéu khién. Néu nat chua dugc nhan, giao dién sé tiép tuc cho.
Khi nguoi dung nhén nut Start, giao di¢n s€ tién hanh cap nhat cac gia tri thuc té tur
Arduino va hién thi goc dat va goc do thyc té tir encoder cho cac goc theta 2 va theta 3
1én biéu do (thoi gian cap nhap mdi lan 1a 100ms). Néu start chua duge nhan hodc nhan
nut stop giao dién s€ dung viéc hién thi biéu d6 va khong cap nhat dir 1i€u méi.

3.4. Thiét ké giao dién diéu khién

- Str dung Python va QT Design dé thiét ké giao dién nguoi dung, két ndi voi

may tinh.
o Bos . " a0 0
P1 o« N,
. = 450 bd
Tormmd “w » STOR
"
Hinh 3.5: Giao dién diéu khién
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

3.5. Chi phi diu tw
- Chi phi dau tu:
Bang 3.2: Chi phi dau tu
o S6 | Pongia | Thanh tién
STT Tén thiét bi
luong | (VND) (VND)
1 Arduino Mega
1 450k/set 450.00
2560
Dong co DC jgb37 2 150.000 300.000
3 Dong co Step 57hs 500.000 500.00
4 Dong co servo
1 80.000 80.000
mg995
3 Encoder omron
2 900.000 1.800.000
2000 xung
4 Hop so giam tdc
2 520.000 1.040.000
tua vit (1:20)
Tay gip 90.000 90.000
Driver TBS7960 2 85.000 170.000
Driver TB6600 1 100.000 100.000
Ngudn to ong 24 V-
1 500.000 500.000
25A
LM5596 1 18.000 18.000
Béanh rang 1:1 1 40.000 40.000
Lo xo 2 50.000 100.000
Vong chan truc+ndi
120.000
truc(6mm-8mm)
10 Cat laeser 1.000.000
11 bc vit 30.000
12 Day rudt ga(5m) 1 10.000
13 Day dién 30.000
Téng cong (VND) 6.378.000

3.6. Két luan chwong 3

O chuong 3 di trinh bay qua4 trinh thiét ké va lya chon hé théng diéu khién cho
canh tay 3DoF dan hoi. Thong qua viéc phan tich, lua chon thiét bi, xdy dung so do

diéu khién, thiét ké phan cimg va tinh toan chi phi cho hé thong.
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

Chuong 4: MO PHONG, THU'C NGHIEM VA PANH GIA

4.1. M6 phong dong luc hoc canh tay robot

- Hé phuong trinh dong luc hoc Lagrange cia canh tay dugc viét dudi dang ma

tran sau:

|

7y

7

}:{hn }Hz}|:%}+|:nn n12}|:q'1}+{g1}
by hy, |G, ny Ny |4, &>

- Trong d6 7, va 7, 1a cdc momen di€u khién tac dong 1én khau 1 va khau 2. Cac

thanh phan ctia ma tran duoc tinh theo cac biéu thirc dudi day:
by =Jy+mll +my (5 + 12, + 2LLC) + T, + J, +m (15 +12, +2L1Cy)

h, =h, =m, (lzf2 +2LLC)+J +J, +ml;

. 2
h,, = mzlg2 +J,

8 = nglgICZ +myg(l,C, + lg2C23) +m,g(l,C, +1,Cy,)

&= m3glg2C23 +m,gl,C,,

ny, =-my1 (24,4, + ‘?32)Sin q;

_ _ .2 .
=n,, =myl,134," sing,

n,, =0

* Vi cac thong so:

- Chiéu dai khop 1: [, =0.35m
- Chiéu dai khop 2: [, =0.3 m
- Khoi lugng khép 1: m, =2 kg

- Khéi luong khop 2: m, =1 kg

- Momen quén tinh khop 1: J, = 0,05 kgm2

- Momen quéan tinh khop 2: J,= 0,05 kgm2

- Chiéu dai tir truc quay dén trong tdm khop 1: l, =0,0175m

- Chiéu dai tir truc quay dén trong tdm khép 2: [ 2= 0,0I15m

- Khoi lugng tai: m,= 1 kg

- Momen quén tinh tai: J, = 0.1 kgm2

- Gia tdc trong truong: g = 9,81 m/s2
- Hé s6 bién dang dan hoi: (EI)1 = (E)2= INm?
*Tién hanh thiét 1ap khéi phuong trinh trén mé phong:
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

| > u(2) i 1)
tetal
1
L f - -
. (u) P : » 2 )
tetad_dot
2
1 —
(4 — e = A
u(4) e »{ 3 )
teta2
D i ;
) - »
taut flu) 5 '\D
teta2 dot
D—
tau2

Hinh 4.1: Khéi phuong trinh
- Véi:
+ taul, tau2 la 2 gid tri ngd vao 7, va r,
+ 2 khéi f(u) chinh 1a fi va £
+ Céc khdi integrator tir trén xudng lan luot 13 gid tri cua tetal, tetal dot, teta2 va
teta2 dot twong trng véi cac ngo ra.
+ Sau d, ta tién hanh mé phong khdi PID cho 7, va r,

ol

tau1
—’ +
Aun ’b
E
Hinh 4.2: Khéi PID cho
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

O—— ! 2 b

tau2
—
Au
Hinh 4.3: Khéi PID cho ,
* So d6 mé phong HTPK Robot sir dung bo PID nhu sau:
et —]
pi2 —O@P——’D—&I taul taut Jefal
tin higy Gt teta? e teia1_dol —{]
teta2 . » D
0 »Q DD b w2 e teta?
teta2 dot » D

khdi phisong trinh todn hoc

tin higu dat {eta2 khdi PID2

Hinh 4.4: So d6 mo6 phong HTPK Robot sir dung bo PID

- V6i tham sb PID nhu sau:

+ Tham sb bd PID1: Kp1 = 47.5; Kii =4; Kp1=27.66
+ Tham sb bd PID2: Kp1 = 30; Kit=1.5 ; Kpi=3.61
- Két qua mo phong:
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

m)
»
[

4 tetal

Hie Toox Yiew mulatic Help .

Rmarks Swnrde fovent  Tw 108 0

Hinh 4.5: Két qua mo phong
- Nhén xét: nhin vao két qua hién thi trén scope ta c6 thé thay rang sau 1 khoang
tx gan bang 20s thi hé thong cia chung ta ciing 6n dinh. Gia tri xac 1ap cling gan bang
véi gia tri dat.
4.2. M0 hinh thwe nghiém

Hinh 4.6: M6 hinh thuc nghiém
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

* Qua trinh thuc hién:

- Trong qua trinh hoat dong, khi dong co quay gan toi goc dat hoic quay goc nho
thi dién 4p cung cap nhoé 1am momen dong co khong da quay tai, dan dén dong co chay
nhung canh tay khong hoat dong.

=>> Giai phap: Gi6i han xung PWM tdi thiéu diéu khién cho dong co.

- Tuy b6 diéu khién d3 st dung thuat toan PID nhitng do co ciu canh tay 10 xo,
canh tay van con giao dong manh, ddc biét khi chénh 1éch gitra goc dat va goc thuc té
cang l6n dao dong cang manh.

=>> Giai phap: Tang thoi gian dap tmg, va tim ra bd sé Kp, Ki, Kd phu hop trong
thuc nghiém

4.3. Két qua thue hi¢n

4.3.1. Piéu khién theo géc dit

® | MainWindow

BACH KHOA || 32.9 x 309
N COM3 j
z | 79.2 y 20.0
G
B 637 7 40.0
Connect Disconnect
Forward j START STOP Home

tn

0 = s00 = 500

il o
500 = tinh START

500 =

Reset Plot

Hinh 4.7: D6 thi két qua diéu khién theo goc dit
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

- Nhan xét: Nhin vao két qua do thi ta thdy véi goc dit (32.9; 79,2; -63,7) canh
tay ddp ung dugc goc dat, thoi gian dap tng khoang 1,5 gidy. Nhin chung THETA2 va
THETAS3 dép tmg tuwong dbi tdt, tuy nhién van con giao dong nhé do quan tinh cta canh
tay va sy dan hdi cua 10 xo.

4.3.2. Diéu khién theo vi tri

B | MainWindow

B}
BACH KHOA

13.7 X 40.9
X 10.0
A 71.6 Y

722 500
onnect Disconnect

Inverse ;I START STOP Home

tn
0 ~=~{BN500 {500 |
4||]H ;_j “Hl‘ ‘YIA[I’
() "i

Reset Plot

Hinh 4.8: D6 thi két qua diéu khién theo vi tri
-Nhan xét: Nhin vao két qua d6 thi ta thay vai vi tri dau cudi (40,9; 10; 30) canh
tay ddp ung duoc goc dit, thoi gian dap ung khoang 1,5 gidy. Nhin chung THETA?2 va
THETAS3 dép tmg twong dbi tdt, tuy nhién van con giao dong nhé do quan tinh cta canh
tay va sy dan hoi cua 16 xo.
4.3.3. Diéu khién theo Vector
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Tén dé tai: Canh tay Robot 3DoF ddan héi va thu thdp dir liéu

. ’
BATM KMOA Fin 2 9 BADH 004 1 w0 M 469
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.0 g o Z M0 7 360
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funcion | S1ART 1O Mome Fusction  * TART sToe =
" "
1 ] 0 0 18021 0°t B X 15040 2 0160,20.0,24.026
7 0y 0'kn 1t e o 58,0 7
0%t 200 m 1.0,02.0,60.0,58 8,%6.0 ART €0+ 411°t . tiat o 0, A
4-1 20 3% 0,- Y5, U.-42.1L-43.0 ase13% = 0.-30.0,-27 0,-24

Hinh 4.9: D6 thi két qua diéu khién theo vecto diéu khién theo vector
- Nhan xét: Nhin vao két qua dd thi, v6i vector dit mong mudn, THETA2 va
THETAS3 dap tng tuong dbi vdi goc dat thay doi lién tuc(1,5s). THETA2 va THETA3
van con dao dong, goc thuc té THETA2 thé hién rd sy bién thién do khéi luong dat 1én
THETA?2 twong ddi 16n(toan bo khdi lwong canh tay) cong v6i goc quay thay doi lién
tuc cung voi su dan hoi 16 xo. Nhin chung hé théng diéu khién van dam bao dugc do
chinh x4c trong toan bd qué trinh chuyén dong.
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Tén dé tai: Canh tay Robot 3DoF dan hoi va thu thdp dit lidu

KET LUAN

1. Két qua dat duge

- Hoan thanh viéc thiét ké va ché tao canh tay robot 3DoF dan hdi dua trén co sé
mo phong va 1y thuyét.

- Giai quyét dugc cac phuong trinh dong hoc, dong luc hoc. Xay dung dugc thuat
toan diéu khién robot trén Matlab.

- Pi diéu khién duoc canh tay theo goc dat va vi tri

2. Cac han ché con giip phai

- Viéc mo phong va tinh toan trén Matlab da dap ting dugc nhiém vu ctua dé tai.
Tuy nhién, khi gia cong thuc té s& ton tai nhiéu sai s6 dan dén két cu cta robot khong
6n dinh.

- Lap trinh diéu khién chua t6i vu.

- Do két cau canh tay Robot 13 10 xo nén qua trinh hoat dong gip nhiéu dao dong,
khong 6n dinh.

3. Huéng phat trién dé tai

- T6i uu hoa phan diéu khién.

- Sir dung thém Loadcell dé xac dinh duoc khdi lugng tai.

- Sir dung cong tac hanh trinh quang t6i wu d6 chinh x4c va mo rong pham vi hoat
dong cua canh tay
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1. Lwa chon thiét bi

PHU LUC

STT

Tén Thiét
bi

Hinh anh

Théng sb chinh

1

Arduino
Mega
2560

(TSI

- Vi diéu khién chinh:
ATmega2560

- Ngudén nudi mach:
5VDC tir cong USB

- S6 chan Digital I/O: 54
(15 PWM)

- S6 chan Analog Input:
16

- Flash Memory: 256 KB
trong d6 8 KB su dung
cho bootloader.

- SRAM: 8 KB

- EEPROM: 4 KB

dong co
JGB37-
545

- Ti s6 truyén 110:1

- Dong khong tai: 200mA
- Dong chiu dyng téi da
khi c6 tai: 4A

- Tbéc dd khong tai:
110RPM

- Luc 1é0 Moment tdi da:
20KG.CM

- Chiéu dai hop sb6 L:
26.5mm

bong co
step

Phu luc

- Puong kinh truc dong
co: 8mm

- Go6c budce dong co: 1.8
do.

- Dong dién: 4.0V.

- bién 4dp dong co:
24VDC.

-Mo6-men xoén: 1.8Nm




Encoder
Omron
E6B2 -
CWZzZ6C

- Puong kinh truc: 6mm

|- Duong kinh than:
'| 40mm

- bién 4p hoat dong:
5..24VDC

|- Do phan giai: 2000

xung/vong

-Phadiura: A,BvaZ

- Tan s6 dap tng: 100
KHz

Hop so

- Vat li¢u gia cong: Thép
carbon, dong

- Vat liéu khung vo: Hop
kim nhom

- D& truc: Bac dan

- Buong kinh truc: 08mm
- Ti sb truyén: 1:20

- Khoang cach tam:
18mm

- Toéng khéi lugng:
0.25kg

BTS7960

- Nguon cap: 6 ~27VDC
- Dong dién tai
mach: 43A

- Tin hiéu logic diéu
khién: 3.3 ~ 5VDC.

- Ty dong shutdown khi
dién ap thip: dé tranh
diéu khién dong co ¢
mirc dién ap thap thiét bi
s& tu shutdown. Néu dién
ap <5.5VDC, driver sé tu
ngét dién va s€é mo lai sau
khi dién ap > 5.5VDC.

- Bao vé qua nhiét:
BTS7960 bao vé chdng
qua nhiét bang cam bién
nhiét tich hop bén trong.
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Dau ra s& bi ngat khi c6
hién tugng qua nhiét.

- Kich thuédc: 40 x 50
x12mm.

TB6600

- Ngudn dau vao 1a 9V —
42V.

- Dong cép t6i da 1a 4A.

- Ngd vao co6 cach ly
quang, toc do cao.

- Co tich hop do qua dong
qua ap.

Thanh truc 8mm, dai
170mm

Nguén t6
ong 24V-
25A

Béanh
rang 1:1

- Dién ap dau vao:
110/220VAC, 50Hz
- Pién 4p dau ra: 24VDC
- Dong dién dau ra: 0 -
25A

- Cong suat dau ra: 600W
- Kich thudce (Dai x Rong
x Cao): 238 x 124 x 65
mm
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10

Vong
chan truc

11

Lo xo

Dai 150mm, rong 5S0mm
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2. Code diéu khién Arduino

#define STEP_PULSE 6

#define STEP_DIR 7

#define R_EN1 8

#define L EN1 9

#define RPWMI1 10

#define LPWMI 11

#define R_EN2 12

#define L EN2 13

#define RPWM2 3

#define LPWM2 5

#define ENC A1 2

#define ENC BI 4

#define ENC_A2 20

#define ENC B2 21

#define LIMIT SWITCHI 26

#define LIMIT SWITCH2 27

#define LIMIT SWITCH3 28

#define LIMIT _SWITCH4 29

#define LIMIT _SWITCHS 30

#define LIMIT SWITCH6 31

#define LIMIT ACTIVE _LOW true
volatile long encoderCountl = 0;
volatile long encoderCount2 = 0;

long stepCount = 0;

const float PULSES PER REV_ DC = 4000.0;
const float DEG_PER PULSE DC =360.0 / PULSES PER REV DC;
const float STEPS PER REV = 3200.0;
const float DEG_PER STEP =360.0 / STEPS PER REV;
float currentAnglel = 0.0;

float currentAngle2 = 0.0;

float currentAngle3 = 0.0;
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float targetAnglel =-90.0;

float targetAngle2 = 90.0;

float targetAngle3 = 0.0;

bool isRunning1 = false;

bool isRunning?2 = false;

bool isRunning3 = false;

const float Kp =4.0;

const float Ki = 0.001;

const float Kd = 0.5;

const float Kp3 = 7.0;

const float Ki3 = 0.02;

const float Kd3 = 0.4;

float errorSum?2 = 0.0, errorSum3 = 0.0;

float lastError2 = 0.0, lastError3 = 0.0;

const unsigned long MIN PULSE DELAY = 1500;

const unsigned long MAX PULSE DELAY =4000;

const int ACCEL_STEPS = 150;

const int MAX PWM DC = 255;

const int MIN PWM_DC = 150;

const int MIN PWM THETA2 POS = 160;

const int MIN PWM THETA3 POS = 120;

const int MIN PWM THETA3 NEG = 120;

const int PWM_ACCEL STEP =2;

int currentPwm?2 = 0;

int currentPwm3 = 0;

const float DEACCEL_ DISTANCE = 10.0;

void setup() {
Serial.begin(9600);
pinMode(STEP_PULSE, OUTPUT);
pinMode(STEP_DIR, OUTPUT);
digitalWrite(STEP_PULSE, LOW);
digitalWrite(STEP_DIR, LOW);
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pinMode(R_EN1, OUTPUT);

pinMode(L_EN1, OUTPUT);
pinMode(RPWMI1, OUTPUT);
pinMode(LPWM1, OUTPUT);
digitalWrite(R_EN1, HIGH);
digitalWrite(L_EN1, HIGH);
analogWrite(RPWM1, 0);

analogWrite(LPWM1, 0);

pinMode(R_EN2, OUTPUT);

pinMode(L_EN2, OUTPUT);
pinMode(RPWM?2, OUTPUT);
pinMode(LPWM2, OUTPUT);

digital Write(R_EN2, HIGH);

digitalWrite(L _EN2, HIGH);
analogWrite(RPWM2, 0);

analogWrite(LPWM2, 0);

pinMode(ENC A1, INPUT PULLUP);
pinMode(ENC _B1, INPUT PULLUP);
pinMode(ENC_A2, INPUT _PULLUP);
pinMode(ENC_B2, INPUT PULLUP);
attachInterrupt(digitalPinToInterrupt(ENC A1), readEncoderl, CHANGE);
attachInterrupt(digitalPinToInterrupt(ENC_A?2), readEncoder2, CHANGE);
pinMode(LIMIT_SWITCHI, INPUT PULLUP);
pinMode(LIMIT_SWITCH2, INPUT PULLUP);
pinMode(LIMIT_SWITCH3, INPUT_PULLUP);
pinMode(LIMIT_SWITCH4, INPUT _PULLUP);
pinMode(LIMIT_SWITCHS, INPUT_PULLUP);
pinMode(LIMIT_SWITCH6, INPUT PULLUP);

void homeMotors() {
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const unsigned long HOMING TIMEOUT = 60000;
const unsigned long MOVE TIMEOUT = 15000;

// Homing THETA1

unsigned long startTime = millis();
digitalWrite(STEP_DIR, LOW);

while (LIMIT_ACTIVE LOW ? digitalRead(LIMIT SWITCH1) == HIGH :
digitalRead(LIMIT SWITCH1) == LOW) && millis() - startTime < HOMING TIMEOUT)

{
digitalWrite(STEP_PULSE, HIGH);

delayMicroseconds(2500);
digitalWrite(STEP_PULSE, LOW);
delayMicroseconds(2500);

}

if (LIMIT_ACTIVE_LOW ? digitalRead(LIMIT SWITCH1) == HIGH :
digitalRead(LIMIT SWITCH1) == LOW) {

} else {
stepCount = (-90.0 / DEG_PER_STEP);
currentAnglel =-90.0;
targetAnglel =-90.0;
}
// Homing THETA2
startTime = millis();
analogWrite(RPWM1, 160);
analogWrite(LPWM1, 0);

while (LIMIT_ACTIVE_LOW ? digitalRead(LIMIT SWITCH2) == HIGH :
digitalRead(LIMIT SWITCH2) == LOW) && millis() - startTime < HOMING TIMEOUT)

{
delay(10);
}
analogWrite(RPWM1, 0);

if (LIMIT_ACTIVE_LOW ? digitalRead(LIMIT SWITCH2) == HIGH :
digitalRead(LIMIT SWITCH2) == LOW) {

} else {

nolnterrupts();
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encoderCountl = (90.0 / DEG_PER PULSE DC);
currentAngle2 = 90.0;
targetAngle2 = 90.0;
interrupts();
}
// Homing THETA3
startTime = millis();
analogWrite(RPWM?2, 0);
analogWrite(LPWM2, 120);

while (LIMIT _ACTIVE _LOW ? digitalRead(LIMIT SWITCH6) == HIGH :
digitalRead(LIMIT _SWITCH6) == LOW) && millis() - startTime < HOMING TIMEOUT)

{
delay(10);
}
analogWrite(LPWM2, 0);

if (LIMIT _ACTIVE _LOW ? digitalRead(LIMIT SWITCH6) == HIGH :
digitalRead(LIMIT SWITCH6) == LOW) {

} else {

nolnterrupts();

encoderCount2 = (-90.0 / DEG_PER PULSE DC); // bBat -90° tai LIMIT SWITCH6

currentAngle3 = -90.0;

targetAngle3 = -90.0;

interrupts();
}
isRunningl = isRunning?2 = isRunning3 = false;
digitalWrite(STEP_PULSE, LOW);
analogWrite(RPWM1, 0);
analogWrite(LPWM1, 0);
analogWrite(RPWM2, 0);
analogWrite(LPWM2, 0);
currentPwm?2 = 0;

currentPwm3 = 0;
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// Poi 1 gidy dé 6n dinh
delay(1000);
// Di chuyén dén (0, 60, -45)
targetAnglel = 0.0;
isRunningl = true;
startTime = millis();
while (isRunningl && millis() - startTime < MOVE TIMEOUT) {
float error = targetAnglel - currentAnglel;
if (abs(error) > 0.05) {
digitalWrite(STEP_DIR, error > 0 ? HIGH : LOW);
int stepsToMove = abs(error) / DEG_PER_STEP;
unsigned long adjustedMinPulseDelay = MIN PULSE DELAY;
if (abs(error) <= 10.0) {
adjustedMinPulseDelay = map(abs(error), 0, 10, 4000, MIN PULSE DELAY);
}
for (int i = 0; i < stepsToMove; i++) {

unsigned long pulseDelay = (i < ACCEL_STEPS) ? map(i, 0, ACCEL_STEPS - 1,
MAX PULSE DELAY, adjustedMinPulseDelay) :

(1>= stepsToMove - ACCEL_STEPS) ? map(i, stepsToMove -
ACCEL_STEPS, stepsToMove - 1, adjustedMinPulseDelay, MAX PULSE DELAY):
adjustedMinPulseDelay;

digitalWrite(STEP_PULSE, HIGH);
delayMicroseconds(pulseDelay);
digitalWrite(STEP_PULSE, LOW);
delayMicroseconds(pulseDelay);
stepCount += (error >0 ? 1 : -1);
currentAnglel = stepCount * DEG_PER _STEP;
}

}

isRunningl = false;

digitalWrite(STEP_PULSE, LOW);

}
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targetAngle2 = 60.0;
isRunning? = true;
startTime = millis();
while (isRunning? && millis() - startTime < MOVE_TIMEOUT) {
nolnterrupts();
currentAngle2 = (encoderCountl * DEG _PER PULSE DC);
interrupts();
float error = targetAngle2 - currentAngle2;
if (abs(error) > 0.1) {
if (error < 0 && currentAngle2 > targetAngle2 + 0.5) {
errorSum2 = 0.0;
} else if (error > 0 && currentAngle2 < targetAngle2 - 0.5) {
errorSum2 = 0.0;
}
errorSum?2 += error;
float errorDiff = error - lastError2;
float pidOutput = Kp * error + Ki * errorSum2 + Kd * errorDiff;
int minPwm = (pidOutput > 0) ? MIN PWM_THETA2 POS : MIN PWM DC;
int desiredPwm = constrain(abs(pidOutput), minPwm, MAX PWM DC);
if (error < 0 && (currentAngle?2 - targetAngle2) > DEACCEL DISTANCE) {
desiredPwm = MIN PWM THETA2 POS;
} else if (error > 0 && (targetAngle2 - currentAngle2) > DEACCEL DISTANCE) {
desiredPwm = MIN_PWM_DC;
}
currentPwm?2 = desiredPwm;
if (p1dOutput > 0) {
analogWrite(RPWM1, currentPwm?2);
analogWrite(LPWM1, 0);
} else {
analogWrite(RPWM1, 0);
analogWrite(LPWM1, currentPwm?2);
h
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lastError2 = error;

} else {
isRunning? = false;
analogWrite(RPWM1, 0);
analogWrite(LPWM1, 0);
currentPwm?2 = 0;
nolnterrupts();
encoderCountl = (60.0 / DEG_PER PULSE DC);
currentAngle2 = 60.0;
interrupts();

}

}
targetAngle3 = -45.0;

isRunning3 = true;
startTime = millis();
while (isRunning3 && millis() - startTime < MOVE_TIMEOUT) {
nolnterrupts();
currentAngle3 = (encoderCount2 * DEG_PER PULSE DC);
interrupts();
float error = targetAngle3 - currentAngle3;
if (abs(error) > 0.1) {
if (error < 0 && currentAngle3 > targetAngle3 + 0.5) {
errorSum3 = 0.0;
} else if (error > 0 && currentAngle3 < targetAngle3 - 0.5) {
errorSum3 = 0.0;
}
errorSum3 += error;
float errorDiff = error - lastError3;
float pidOutput = Kp3 * error + Ki3 * errorSum3 + Kd3 * errorDiff;

int minPwm = (pidOutput > 0) ? MIN_ PWM _THETA3 POS:
MIN PWM_THETA3 NEG;

int desiredPwm = constrain(abs(pidOutput), minPwm, MAX PWM_DC);
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if (error < 0 && (currentAngle3 - targetAngle3) > DEACCEL DISTANCE) {
desiredPwm = MIN_ PWM THETA3 POS;

} else if (error > 0 && (targetAngle3 - currentAngle3) > DEACCEL DISTANCE) {
desiredPwm = MIN PWM THETA3 NEG;

}

currentPwm?3 = desiredPwm;

if (pidOutput > 0) {
analogWrite(RPWM2, currentPwm3);
analogWrite(LPWM2, 0);

} else {
analogWrite(RPWM2, 0);
analogWrite(LPWM2, currentPwm3);

}

lastError3 = error;

} else {

isRunning3 = false;

analogWrite(RPWM2, 0);

analogWrite(LPWM2, 0);

currentPwm3 = 0;

nolnterrupts();

encoderCount2 = (-45.0 / DEG_PER PULSE DC);

currentAngle3 = -45.0;

interrupts();

}
}
Serial.println("Homing da xong");

}

void loop() {

static bool initialMove = true;

nolnterrupts();
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currentAnglel = (stepCount * DEG_PER STEP);

long encoderValuel = encoderCountl;

long encoderValue2 = encoderCount2;

currentAngle2 = (encoderValuel * DEG_PER PULSE DC);
currentAngle3 = (encoderValue2 * DEG_PER PULSE DC);

interrupts();

if (!initialMove) {

if (currentAnglel > 90.0) {
stepCount = 90.0 / DEG_PER _STEP;
currentAnglel = 90.0;
isRunning1 = false;

} else if (currentAnglel <-90.0) {
stepCount =-90.0 / DEG_PER_STEP;
currentAnglel =-90.0;
isRunningl = false;

}

if (currentAngle2 > 90.0) {
encoderValuel =90.0 / DEG_PER PULSE DC;
currentAngle2 = 90.0;
isRunning? = false;

} else if (currentAngle2 < 30.0) {
encoderValuel =30.0 / DEG_PER _PULSE DC;
currentAngle2 = 30.0;
isRunning? = false;

}

if (currentAngle3 > 0.0) {

encoderValue2 = 0.0 / DEG_PER PULSE DC; //LIMIT SWITCH3 = 0°

currentAngle3 = 0.0;
isRunning3 = false;

} else if (currentAngle3 <-90.0) {

encoderValue2 =-90.0 / DEG_PER PULSE DC; // LIMIT _SWITCH®6 = -90°
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currentAngle3 = -90.0;
isRunning3 = false;
}
}

static unsigned long lastSendTime = 0;

if (millis() - lastSendTime >= 100) {
Serial.print("THETAT1:");
Serial.print(currentAnglel, 1);
Serial.print(",THETA2:");
Serial.print(currentAngle2, 1);
Serial.print(",THETA3:");
Serial.println(currentAngle3, 1);
lastSendTime = millis();

}
if (Serial.available() > 0) {

String command = Serial.readStringUntil("\n');

command.trim();

if (command.startsWith("ANGLE1:")) {

int idx1 = command.indexOf{',");

int idx2 = command.indexOf(',", idx1 + 1);

if (idx1 1= -1 && idx2 1= -1) {

String angleStr]1 = command.substring(7, idx1);
String angleStr2 = command.substring(idx1 + 1, idx2);
String angleStr3 = command.substring(idx2 + 1);

float angles[] = {angleStr1.toFloat(), angleStr2.toFloat(), angleStr3.toFloat()}

bool isValid[] = {true, true, true};

for (int1=0;1<3;1++) {

String& str = (1==0) ? angleStr1 : (1==1) ? angleStr2 : angleStr3;
for (unsigned int j = (str[0] =="-' 7 1 : 0); j < str.length(); j++) {
if (lisDigit(str[j]) && str[j] !=".") isValid[i] = false;

§
if (isValid[i]) {
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float& target = (1 == 0) ? targetAnglel : (i==1) ? targetAngle2 : targetAngle3;

bool& running = (i == 0) ? isRunning1 : (i==1) ? isRunning?2 : isRunning3;

target = constrain(angles[i], 1==0?-90.0: i==1?30.0:-90.0)), i==0?90.0: (i

==1290.0: 0.0)));

running = true;

if 1==1) { errorSum2 = 0.0; lastError2 = 0.0; }
if (i==2) { errorSum3 = 0.0; lastError3 = 0.0; }

}
}
initialMove = false;
}

} else if (command == "STOP") {
isRunningl = isRunning?2 = isRunning3 = false;
digitalWrite(STEP_PULSE, LOW);
analogWrite(RPWM1, 0);
analogWrite(LPWM1, 0);
analogWrite(RPWM2, 0);
analogWrite(LPWM2, 0);
currentPwm?2 = 0;
currentPwm3 = 0;
initialMove = false;
Serial.println("Stopped");

} else if (command == "HOME") {
mitialMove = true;
homeMotors();

}

}

if (isRunning1 || isRunning? || isRunning3) {

unsigned long currentTime = millis();

if (isRunningl) {
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float error = targetAnglel - currentAnglel;

bool limitTriggered] = (LIMIT ACTIVE_LOW ? digitalRead(LIMIT SWITCH1) =
LOW : digitalRead(LIMIT SWITCHI) == HIGH);

bool limitTriggered2 = (LIMIT ACTIVE_LOW ? digitalRead(LIMIT SWITCH4) =
LOW : digitalRead(LIMIT SWITCH4) == HIGH);

if (limitTriggered1 || limitTriggered2) {
isRunningl = false;
digitalWrite(STEP_PULSE, LOW);
if (limitTriggered1) {

stepCount =-90.0 / DEG_PER STEP;

currentAnglel =-90.0;

targetAnglel = -90.0;

Serial.println("Hit limit switch THETA1 at -90°");
} else if (limitTriggered2) {

stepCount = 90.0 / DEG_PER STEP;

currentAnglel = 90.0;

targetAnglel = 90.0;

Serial.println("Hit limit switch THETAT1 at 90°");
}

} else if (abs(error) > 0.05) {
digitalWrite(STEP_DIR, error > 0 ? HIGH : LOW);
int stepsToMove = abs(error) / DEG_PER _STEP;
unsigned long adjustedMinPulseDelay = MIN PULSE DELAY;

if ((error < 0 && (currentAnglel - targetAnglel) > DEACCEL DISTANCE) || (error > 0
&& (targetAnglel - currentAnglel) > DEACCEL DISTANCE)) {

adjustedMinPulseDelay = MAX PULSE DELAY;
} else if (abs(error) <= 10.0) {

adjustedMinPulseDelay = map(abs(error), 0, 10, MAX PULSE DELAY,
MIN PULSE DELAY);

b
for (int 1 = 0; 1 < stepsToMove; i++) {

unsigned long pulseDelay = (1 < ACCEL_STEPS) ? map(i, 0, ACCEL_STEPS -1,
MAX PULSE DELAY, adjustedMinPulseDelay) :
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(1>= stepsToMove - ACCEL_STEPS) ? map(i, stepsToMove -
ACCEL_STEPS, stepsToMove - 1, adjustedMinPulseDelay, MAX PULSE DELAY):
adjustedMinPulseDelay;

digitalWrite(STEP_PULSE, HIGH);
delayMicroseconds(pulseDelay);
digitalWrite(STEP_PULSE, LOW);
delayMicroseconds(pulseDelay);
stepCount += (error >0 ? 1 : -1);
currentAnglel = stepCount * DEG_PER STEP;
}
} else {
isRunningl = false;
digitalWrite(STEP_PULSE, LOW);
}
}
if (isRunning?) {
float error = targetAngle2 - currentAngle2;

bool limitTriggeredl = (LIMIT ACTIVE LOW ? digitalRead(LIMIT SWITCH2) ==
LOW : digitalRead(LIMIT _SWITCH2) == HIGH);

bool limitTriggered2 = (LIMIT _ACTIVE LOW ? digitalRead(LIMIT SWITCHS) ==
LOW : digitalRead(LIMIT_SWITCHS) == HIGH);

if (limitTriggered1 || limitTriggered2) {
isRunning? = false;
analogWrite(RPWM1, 0);
analogWrite(LPWMI, 0);
currentPwm?2 = 0;
if (limitTriggeredl) {
encoderCountl = 90.0 / DEG_PER_PULSE DC;
currentAngle2 = 90.0;
targetAngle2 = 90.0;
Serial.println("Hit limit switch THETA2 at 90°");
} else if (limitTriggered2) {
encoderCountl =30.0 / DEG_PER _PULSE DC;
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currentAngle2 = 30.0;
targetAngle2 = 30.0;
Serial.println("Hit limit switch THETA2 at 30°");
}
} else if (abs(error) > 0.1) {
if (error < 0 && currentAngle2 > targetAngle2 + 0.5) {
errorSum2 = 0.0;
} else if (error > 0 && currentAngle2 < targetAngle2 - 0.5) {
errorSum2 = 0.0;
}
errorSum?2 += error;
float errorDiff = error - lastError2;
float pidOutput = Kp * error + Ki * errorSum2 + Kd * errorDiff;
int minPwm = (pidOutput > 0) ? MIN_ PWM_THETA2 POS : MIN PWM _DC;
int desiredPwm = constrain(abs(pidOutput), minPwm, MAX PWM DC);
if (error < 0 && (currentAngle? - targetAngle2) > DEACCEL DISTANCE) {
desiredPwm = MIN PWM THETA2 POS;
} else if (error > 0 && (targetAngle2 - currentAngle2) > DEACCEL DISTANCE) {
desiredPwm = MIN_ PWM _DC;
}
currentPwm?2 = desiredPwm;
if (p1dOutput > 0) {
analogWrite(RPWM1, currentPwm?2);
analogWrite(LPWMI, 0);
} else {
analogWrite(RPWM1, 0);
analogWrite(LPWMI1, currentPwm?2);
b
lastError2 = error;
} else {
isRunning? = false;

analogWrite(RPWM1, 0);
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analogWrite(LPWMI1, 0);

currentPwm2 = 0;

}
}
if (isRunning3) {
float error = targetAngle3 - currentAngle3;

bool limitTriggered1 = (LIMIT_ACTIVE_LOW ? digitalRead(LIMIT SWITCH3) ==
LOW : digitalRead(LIMIT _SWITCH3) == HIGH); // 0°

bool limitTriggered2 = (LIMIT_ACTIVE_LOW ? digitalRead(LIMIT SWITCH6) ==
LOW : digitalRead(LIMIT SWITCH6) == HIGH); // -90°

if (limitTriggered1 || limitTriggered2) {

isRunning3 = false;

analogWrite(RPWM2, 0);

analogWrite(LPWM2, 0);

currentPwm3 = 0;

if (limitTriggeredl) {
encoderCount2 = 0.0 / DEG_PER PULSE DC;
currentAngle3 = 0.0;
targetAngle3 = 0.0;
Serial.println("Hit limit switch THETA3 at 0°");

} else if (limitTriggered2) {
encoderCount2 =-90.0 / DEG_PER PULSE DC;
currentAngle3 = -90.0;
targetAngle3 = -90.0;
Serial.println("Hit limit switch THETA3 at -90°");

}

} else if (abs(error) > 0.1) {

if (error < 0 && currentAngle3 > targetAngle3 + 0.5) {
errorSum3 = 0.0;

} else if (error > 0 && currentAngle3 < targetAngle3 - 0.5) {
errorSum3 = 0.0;

}

errorSum3 += error;
Phu luc



float errorDiff = error - lastError3;
float pidOutput = Kp3 * error + Ki3 * errorSum3 + Kd3 * errorDiff;

int minPwm = (pidOutput > 0) ? MIN PWM THETA3 POS:
MIN PWM_THETA3 NEG;

int desiredPwm = constrain(abs(pidOutput), minPwm, MAX PWM_DC);

if (error < 0 && (currentAngle3 - targetAngle3) > DEACCEL DISTANCE) {
desiredPwm = MIN PWM THETA3 POS;

} else if (error > 0 && (targetAngle3 - currentAngle3) > DEACCEL DISTANCE) {
desiredPwm = MIN PWM THETA3 NEG;

}

currentPwm3 = desiredPwm;

if (pidOutput > 0) {
analogWrite(RPWM2, currentPwm3);
analogWrite(LPWM2, 0);

} else {
analogWrite(RPWM2, 0);
analogWrite(LPWM2, currentPwm3);

}

lastError3 = error;

} else {

isRunning3 = false;

analogWrite(RPWM2, 0);

analogWrite(LPWM2, 0);

currentPwm3 = 0;

}
}
h
h

void readEncoder1() {
if (digitalRead(ENC_A1) == digitalRead(ENC_B1)) {
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encoderCountl--;
} else {

encoderCountl++;

}

¥
void readEncoder2() {

if (digitalRead(ENC A2) == digitalRead(ENC B2)) {
encoderCount2--;
} else {
encoderCount2++;
}
}
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