LOI CAM DOAN

Chung t6i xin cam doan dé tai nghién ctru khoa hoc nay nay 1a cong trinh nghién
clru cuia ching ti. Cac két qua nghién ctru do chu nhiém dé tai va nhitng ngudi tham
gia thuc hién.

Chung t6i xin cam doan rang cac thong tin trich dan trong dé tai nay déu duoc
chi rd ngudn géc.

Chung t61 xin chiu trdch nhiém vé€ nghién clru cua minh.

Hai Phong, ngay 17 thang 01 nam 2013

Chii nhiém deé tai

Ng6 Quang Vi



DANH MUC CAC CHU VIET TAT

Chir viét tit Giai thich

RBCN Robot cong nghiép

TDH Tu dong héa




MUC LUC

Trang

MO DAU s 1
CHUONG 1: CAC KHAI NIEM CO BAN VA

PHAN LOATI ROBOT .........cccooovieiiseeeeeee e, 3
1.1,  Cackhai ni€m coDAN...........c.ooiiiiiii 3
1.1.1. RODOt V& RODOTICS ... 3
1.1.2. Robot cong nghiép (RBCN) ...........ccccooooeiiiiiiiiiieiii i 5
1.2.  Cau triic co ban ciia RBCN..........ccoooovvirivereeieeeenese s 6
1.2.0. K8t CAU CRURG ... 6
1.2.2. K&t CAU ClA LAY MY ... 8
1.3, Phanloai robot ...............ccoooiiiiiiii 11
1.3.1. Phan 1ogi theo k&t CA ......................cccoovvveeeerereeeeesressesersesnnnon, 11
1.3.2. Phén logi theo diéu kRién .....................ccocooevoeeeeeeeeeseeeeeseeeseeea, 11
1.3.3. Phdn logi theo wrng dung ...................c..ccccooviiiiiiiiiiiiiiiiic e, 12
1.4.  Bai toan thuan ctia dong hoc tay may .............ccceevvvvveiicine e, 13
1.4.1. M0 td quy tic Denavit-Hartenberg............coooveeeeeeceeesesereseeseens 15
1.4.2. Mgt sé vi du dp dung quy tic Denavit-Hartenberg ........................ 18
1.4.3. Ving hoat dpng ciia phan cong tic ....................cooocoeeveeeveersrennnnn, 20
1.5.  Bai todan ngugc ciia dong hoc tay may.............ccooovviiiiiiiininnnn, 22
1.5.1. €0t 3 KRAUPRANG ..............ooooeeeeeeeeeseseeeeeeeesres e, 23
1.5.2. €O CAU CAU ...t 24
CHUONG 2: XAY DUNG VA PIEU KHIEN

CANH TAY ROBOT BA BAC TU DO...........cccco......... 26
2.1. XAy dung phan co Khi clia robot ..........c..c..coovvviverenreneeirsnnnns, 26
2.1.1. Cdu tao ciia cAnh tay robot.....................cocooveeveveseseeseesieerrennen, 26
2.1.2. CAULAO CHA LAY KEP ............ooeeeoeeeeeeeeeeeeerees e 29

2.1.3. Truyén @ong KRi REN....................cocoooveeeeeeeeeeeeeeesceeseeeeeeren, 29



214, Truyén @ong @ien Co...............coooeovevveveeesreseeseeseeessessessenessnennen 30
2.2. B diéu khién cho canh tay robot ba bac twdo..............c..co.......... 31
2200 MO @AU.............cooeoeeeeeoeoeoeseeeeeeeeeeeee s 31
2.2.2. MaCh @idt KRiGn.................ccooovoeeeeeeeeesesrseeserersesssses s 32
2.2.3. Sir dung phan mém LabVIEW dé viét giao di¢n diéu khién........... 38
2.3. Hoat dong cuia canh tay robot................ccccceeiviiiiiiii e 48
231 CREAPBANG LAY ..., 49
232, CHEdP I AONG ... 50
KET LUAN VA KIEN NGHI .......ocoooiiiiiieeeeeeeeeeeeee e, 53

TAI LIEU THAM KHAO .........cooovvivnieiieieeesseseses s esssnsen s esesnesnen 54



MO PAU

1. Tinh cap thiét cia dé tai

Nganh cdng nghiép robot trén thé gisi di dwa duoc san pham la robot céng
nghiép dé phuc vu san xuat, tham chi phuc vu nhu cau giai tri cling nhu chiam soc con
ngudi. V6i nganh cdng nghiép cua Viét Nam thi robot chua duoc xuat hién nhiéu
trong céc day truyén san xuat. Vi san pham nay con qua dat dbi véi thi truong Viét
Nam.

Nhiam néi dia hoa san pham, ciing nhu nghién cttu chuyén sau vé robot, tdi chon
dé tai “Thiét ké, ché tao va diéu khién canh tay robot 3 bac ty do”. Pé tai nay hudng
tGi cO thé thay thé cac bo diéu khién cua cac cong ty nudc ngodi va xay dung thuat
diéu khién téi wu cho cac ddi twong san xuit, ma cac déi tugng nay thich hop véi diéu
kién san xuét ¢ nudéc ta.

Véi céc phong thi nghiém, ddy 13 mot mé hinh dé sinh vién thuc nghiém va
nghién ctru, dé hudng téi cho céc ban sinh vién mot cai nhin cu thé, thuc tién hon vé
robot.

2. Muc dich nghién citu ciia dé tai

Muc dich cta dé tai nay 1a nghién ctiru vé cau tao va cac phuong phéap diéu khién
thich hop trén co so tng dung cac ky thuat tién tién va xay dung nhitng giai phap phan
cting ciing nhu phan mém dé ché tao bo diéu khién canh tay robot ba bac tu do. Nham
lam cha k¥ thuat ché tao robot, c6 thé 4p dung vao phong thi nghiém cua céc truong
cao dang, dai hoc ciing nhu ¢tng dung trong san xuat cong nghiép.

3. Péi twong va pham vi nghién ciu

Dbi tugng nghién ciu cua dé tai nay 1a phuong trinh dong hoc cia robot dé dua
ra thuat diéu khién t6i wu cho robot; phan mém LabVIEW, CodeVisionAVR dé diéu
khién canh tay robot ba bac ty do va phan co khi dé ché tao canh tay robot.

Nghién ctu ndy chi gisi han trong pham vi nghién ctu, ché tao bo diéu khién
canh tay robot ba bac tu do véi cac phan mém diéu khién néu trén.

4. Phwong phap nghién ctru ciia dé tai

Nghién ctru co s¢ khoa hoc va thuc tién vé ché tao, diéu khién robot.



Phuong phap nghién ciu thuc tién:
- Nghién ctru vé phuong trinh dong hoc nguoc cua robot;
- Nghién cau va ung dung cac phan mém LabVIEW, CodeVisionAVR dé diéu
khién canh tay robot ba bac ty do;
- Nghién ctru va tng dung céc phan gia cong co khi dé ché tao canh tay robot.
5. Y nghia khoa hoc va thuc tién ciia dé tai
Dé tai nay nghién ciu cu thé vé diéu khién vi trf dung thuat toan diéu khién PID.
Str dung phan mém LabVIEW dé diéu khién canh tay. Két hop véi bo diéu khién nho
gon va giao tiép thanh cong vai robot.
Pé tai c6 thé s dung 1am md hinh thi nghiém ciing nhu st dung cho mot khau

hay giai doan nao d6 cua san Xuat.



Chuong 1:
CAC KHAI NIEM CO BAN VA PHAN LOAI ROBOT

1.1. Cac khéi niém co ban
1.1.1.  Robot va Robotics

Ttr thoi ¢6 xua, con ngudi dd mong mudn tao ra nhirng vat gidng nhu minh dé
bét chung phuc vu cho ban than minh. Vi du, trong kho than thoai Hy Lap c¢6 chuyén
nguoi khéng 16 Promethe dic ra con nguoi tu dat sét va truyén cho ho su séng, hoac
chuyén tén no 1¢ Talus khéng 16 duoc 1am bﬁng déng va dugc giao nhi€ém vu bao vé
hoang dao Crete.

Pén nam 1921, tir "Robot" xuat hién 1an dau trong vo kich "Rossum's Universal
Robots" ctia nha viét kich vién tuéng nguoi Sec, Karel Capek. Trong vé kich nay, 6ng
dung tir "Robot", bién thé cua tir gbc Slavo "Rabota”, dé goi mot thiét bi - lao cdng do
con nguoi (nhan vat Rossum) tao ra.

Vio nhitng nim 40 nha vin vién tudng Nga, Issac Asimov, mo ta robot 1a mot
chiéc may tu dong, mang di¢n mao ctia con nguoi, dugc diéu khién bﬁng mot hé than
kinh kha trinh Positron, do chinh con nguoi 1ap trinh. Asimov cling dat tén cho nganh
khoa hoc nghién ctru vé robot 13 Robotics, trong d6 c6 3 nguyén tic co ban:

1. Robot khong duoc xtc pham con ngudi va khong gdy ton hai cho con ngudi.

2. Hoat dong cuia robot phai tuan theo cac quy tic do con ngudi dit ra. Cac quy tic
nay khong duogc vi pham nguyén tic thir nhat.

3. Mot robot can phai bao vé su séng cua minh, nhung khong dugc vi pham hai
nguyén tic trude.

Céc nguyén tac trén sau nay tr thanh nén tang cho viéce thiét ké robot.

Tu sy hu cAu cta khoa hoc vién tudng, robot dan dan duoc gi61 k¥ thuat hinh
dung nhu nhiing chiéc may dac biét, dugc con nguoi phong tac theo cAu tao va hoat
dong cua chinh minh, dung dé thay thé minh trong mét sé cong viéc xac dinh.

Dé hoan thanh nhiém vu d6, robot can c6 kha nang cam nhdn céac thong sb trang

thai cia méi trudng va tién hanh cac hogt déng tuong tu con nguoi.



Kha ning hoat dong cua robot duoc dam bao boi hé thong co khi, gdbm co céu
van dong dé di lai va co cAu hanh dong dé co thé lam viéc. Viéc thiét ké va ché tao hé
théng nay thudc linh vuc khoa hoc vé co ciu truyén dong, chép hanh va vat li€u co
Khi.

Chtrc ning cam nhan, gém thu nhan tin hiéu vé trang thai méi truong va trang
thai clia ban than hé thdng, do cac cam bién (sensor) va cac thiét bi lién quan thuc
hién. Hé théng nay duoc goi 1a hé thong thu nhan va xir 1y tin hiéu, hay don gian 1a hé
thong cam bién.

Mubdn phéi hop hoat dong cua hai hé théng trén, dam bao cho robot ¢6 thé tu
diéu chinh "Hanh vi" cia minh va hoat dong theo diing chirc ning quy dinh trong diéu
kién mai truong thay doi, trong robot phai cé hé thong diéu khién. Xay dung cac hé
thdng diéu khién thudc pham vi dién tir, k§ thuat diéu khién va cong nghé thong tin.

Robotics dugc hiéu 1a mot nganh khoa hoc c6 nhiém vu nghién ctru, thiét ké, ché
tao cac robot va ung dung chiing trong cac linh vuc hoat dong khac nhau cua xa hoi
loai nguoi, nhu nghién ctu khoa hoc, k¥ thuat, kinh té, quéc phong va dan sinh
[3,tr.8].

Tu hiéu biét so bo vé chire nang va két cau cua robot, chung ta hiéu, Robotics la
mot khoa hoc lién nganh, gém co khi, dién ti, k¥ thuat diéu khién va cong ngh¢ thong
tin. Theo thuat ngit hién nay, robot 1 san phim cta nganh co - dién tir (Mechatronics).

Khia canh nhan van va khia canh khoa hoc - k¥ thuat ctia viéc san sinh ra robot
théng nhat & mot diém: thuc hién hoai bio cua con nguoi, la tao ra thiét bi thay thé
minh trong nhitng hoat dong khong thich hgp v6i minh, nhu:

- Cac cong viéc lap di lap lai, nham chan, nang nhoc: van chuyén nguyén vat li¢u,
lap rap, lau co nha,...

- Trong mdi truong khac nghiét hodc nguy hiém: nhu ngoai khoang khong vil tru,
trén chién truong, dudi nudce sau, trong long dat, noi co phoéng xa, nhiét dd cao,...

- Nhiing viéc doi hoi do chinh xac cao, nhu thong tac mach méau hodc cac 6ng dan
trong co thé, 1ap rap cac cau tir trong vi mach,...

Linh vyc tng dung ciia robot rat rong va ngay cang duoc mé rong thém. Ngay

nay, khai niém vé robot di mé rong hon khai niém nguyén thuy rat nhidu. Sy phong



tac vé két cdu, chirc ning, dang vé cua con ngudi 1 can thiét nhung khong con ngu tri
trong k¥ thuat robot nita. Két ciu cua nhiéu "con" robot khac xa véi két cau cac bo
phan cua co thé nguoi va ching cling cé thé thuc hién duge nhitng viéc vuot xa kha
nang cua con nguoi.

1.1.2.  Robot cong nghiép (RBCN)

Mic du, nhu dinh nghia chung vé robot da néu, khong c6 gi giéi han pham vi
ung dung cua robot, nhung c6 mot thuc té 12 hau hét robot hién dang co déu duoc dung
trong cong nghiép. Ching c6 dic diém riéng vé két cau, chic ning, di dugc thong
nhat hod, thuong mai hoa rong rdi. Lép robot nay dwoc goi 1a Robot cong nghiép
(Industrial Robot - IR) .

K§ thuat tu dong hoa (TPH) trong cong nghiép di dat téi trinh do rat cao: khong
chi TPH céac qua trinh vat Iy ma ca cac qua trinh x1r 1y thong tin. Vi vay, TPH trong
cong nghiép tich hop cong nghé san xuat, k¥ thuat dién, dién tir, ky thuat diéu khién ty
dong trong d6 c6 TDH nho may tinh.

Hién nay, trong cong nghiép ton tai 3 dang TPH:

- TBH ctng (Fixed Automation) dugc hinh thanh dudi dang cac thiét bi hoac day
chuyén chuyén mon hod theo d6i tuong (san pham). N6 dugc ting dung c6 hiéu qua
trong diéu kién san xuat hang khéi voi san luong rat 16n cac san pham cung loai.

- TPH kha trinh (Programmable Automation) duogc tng dung cha yéu trong san
xudt loat nho, loat vira, dap (mg phan 16n nhu ciu san pham cong nghiép. Hé thong
thiét bi dang nay 1a cac thiét bi van ning diéu khién s6, cho phép dé dang lap trinh lai
dé c6 thé thay doi chiing loai (tirc 1a thay d6i quy trinh cong nghé san xuat) san pham.

- TPH linh hoat (Flexible Automation) 1a dang phat trién cia TDH kha trinh.
N6 tich hgp cong nghé san xuat véi ki thuat diéu khién bang may tinh, cho phép thay
d6i d6i twong san xuat ma khong can (hodc han ché) su can thiép ciia con nguoi. TDH
linh hoat dugc biéu hién dudi 2 dang: t& bao san xuédt linh hoat (Flexible
Manufacturing Cell - FMC) va hé thong san xuét linh hoat (Flexible Manufacturing
System - FMS).

RBCN c¢6 2 dac trung co ban:



- La thiét bi van nang, dugc TPH theo chuong trinh va co thé lap trinh lai dé dap
ung mat cach linh hoat, khéo 1€o cac nhiém vu khac nhau.

- Pugc tng dung trong nhiing truong hop mang tinh cong nghi¢p dac trung, nhu
van chuyén va xép d& nguyén vat liéu, 1ap rap, do luong,...

Vi thé hién 2 dic trung co ban trén cia RBCN, hién nay dinh nghia sau day vé
robot cong nghiép do Vién nghién ctru robot cia My dé xuat duoc st dung rong rii:

RBCN 1a tay mdy van ning, hoat dong theo chwong trinh va c6 thé 1ap trinh lai
dé hoan thanh va nang cao hiéu qua hoan thanh cic nhiém vy khac nhau trong cong
nghi¢p, nhu van chuyén nguyén vat liéu, chi tiét, dung cu hodc céc thiét bi chuyén
dung khac.

Ngoai cac ¥ trén, dinh nghia trong TOCT 25686-85 con bo sung cho RBCN chirc
nang diéu khién trong qué trinh san xuat:

RBCN la may ty dong dugc dat cd dinh hay di dong, bao gom thiét bi thira hanh
dang tay may c6 mot sb bac tu do hoat dong va thiét bj diéu khién theo chuong trinh,
c6 thé tai lap trinh dé hoan thanh cic chiic niang van dong va diéu khién trong qua trinh
san Xuat.

Churc nang van dong bao g@)m cac hoat dong "co bép" nhu van chuyén, dinh
hudng, xép dat, ga kep, lap rap,... di tuong. Chic ning diéu khién 4m chi vai trd cta
robot nhu mot phuong tién diéu hanh san xuat, nhu cung cip dung cu va vat liéu, phin
loai va phan phéi san pham, duy tri nhip san xuat va tham chi ca diéu khién cac thiét bi
lién quan.

Véi dic diém c6 thé 1ap trinh lai, RBCN la thiét bi TDH kha trinh va ngiy cang
tr¢ thanh bd phan khong thé thiéu duoc cua cac té bao hodc hé théng san xuét linh
hoat.

1.2. CAu triic co ban ciia RBCN
1.2.1.  Két cdu chung

Mot RBCN dugc cu thanh boi cac hé thong sau (hinh 1.1):

- Tay may (Manipulator) 14 co cau co khi gdm cac khau, khép. Chung hinh thanh
canh tay dé tao cac chuyén dong co ban, cé tay tao nén su khéo 1éo, linh hoat va ban

tay (End Effector) dé truc tiép hoan thanh céc thao tac trén doi tuong.
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Hinh 1.1: So d@é khoi ciia RBCN

- Co cau chap hanh tao chuyén dong cho cac khau cua tay may. Ngudn dong luc
clia cac co cau chép hanh la dong co cac loai: dién, thuy luc, khi nén hoac két hop gitra
ching.

- Hé thong cam bién gdm cic sensor va thiét bi chuyén doi tin hiéu can thiét
khéc. Cac robot can hé théng sensor trong dé nhan biét trang thai cua ban than céac co
cAu cta robot va cic sensor ngodi dé nhan biét trang thai cia méi trudng.

- Hé théng diéu khién (Controller) hién nay thuong 1a mdy tinh dé gidm sat va
diéu khién hoat dong cua robot.

So d6 két cau chung cua robot nhu trong hinh 1.2.
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Hinh 1.2: So do két cau chung ciia RBCN

1.2.2.  Két cdu cia tay may
Tay may 13 phan co s&, quyét dinh kha ning 1am viéc cia RBCN. Do 1a thiét bi
co khi dam bao cho robot kha ning chuyén dong trong khong gian va kha ning lam
viéc, nhu nang ha vat, lép rap,... Y tudng ban dau cua viéc thiét ké va ché tao tay may
la phong tac cau tao va chitc ning cua tay nguoi (hinh 1.3). Vé sau, day khong con 1a
diéu bat budc nira. Tay may hién nay rat da dang va nhiéu loai c6 dang vé khéc rat xa
véi tay ngudi. Tuy nhién, trong k¥ thuat robot ngudi ta van dung cac thuat ngit quen
thudc, nhu vai (Shoulder), canh tay (Arm), ¢ tay (Wrist), ban tay (Hund) va cac khép
(Articulations),... dé chi tay may va cac bo phan cua né.
Trong thiét ké va sir dung tay may, ngudi ta quan tim dén cac thong sb co anh
huéng 16n dén kha ning lam viéc cua chung, nhu:
- Surc nang, do cung viing, luc kep cua tays,...
- Tam v&i hay ving lam viée: kich thuéc va hinh dang ving ma phan cong tic c6

the voi toi;



- Su khéo 1éo, nghia 1a kha ning dinh vi va dinh hudng phan cong tic trong ving

lam viéc. Thong so nay li€én quan dén so6 bac tu do ciia phan cong tac.
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Hinh 1.3: Sy twong tac gitta tay nguoi va tay mdy

Pé dinh vi va dinh hudng phan cong tic mot cach tuy ¥ trong khong gian 3 chiéu
n6 can cé 6 bac tu do, trong do 3 bac tu do dé dinh vi, 3 bac tu do dé dinh huong. Mot
sb cong viéc nhu nang ha, xép do,... yéu cau s6 bac tu do it hon 6. Robot han, son
thuong c6 6 bac tu do. Trong mdt sb trudng hop can sy khéo 160, linh hoat hodc can
t61 wu hoa quy dao,... ngudi ta c6 thé dung robot véi s6 bac ty do 16n hon 6.

Cac tay may c6 dic diém chung vé két cau 1a gdm co cac khau, duoc ndi voi
nhau bang cac khdp dé hinh thanh mot chudi dong hoc ha, tinh tir than dén phan cong
tac. Cac khép duoc dung phd bién 1a khép trugt va khép quay. Tuy theo sd lugng va
cach bd tri cac khép ma co thé tao ra tay may kiéu toa do dé cac, toa do tru, toa do cau,
SCARA va kiéu tay nguoi (Anthropomorphic).

Tay mdy kiéu toa do dé cac (hinh 1.4), con goi 1a kiéu chir nhat, dung 3 khép
truot, cho phép phﬁn cong tac thuc hién mdt cach doc 1ap cac chuyén dong thrfmg, song
song voi 3 truc toa d§. Vung lam viéc cua tay may c6 dang hinh hop chir nhat. Do su
don gian vé két ciu, tay may kiéu nay c6 do climng vimng cao, do chinh xac duoc dam
bao dong déu trong toan b ving lam viée, nhung it khéo 1é0. Vi vy, tay may kiéu dé
cac dugc dung dé van chuyén va lap rap.

Tay mady kiéu toa d¢ tru (hinh 1.5) khac vé6i tay may kiéu dé cac ¢ khop dau tién:
dung khép quay thay cho khép trugt. Vung lam viée clia né c6 dang hinh try rong.



Khép truot nim ngang cho phép tay may "thd" dugc vao khoang rdng ndm ngang. Do
clmg viing co hoc cta tay may tru tt, thich hop véi tai ning, nhung d6 chinh xac dinh
vi goc trong mit phiang ndm ngang giam khi tim voi ting.

Tay mdy kiéu toa d¢ cau (hinh 1.6) khac kiéu tru do khép thr hai (khép truot)
dugc thay bang khép quay. Néu quy dao chuyén dong cua phan cong tic duge mo ta
trong toa do cau thi mdi bac tu do twong Gmg véi mot kha ning chuyén dong va ving
lam viéc ciia nd 1a khdi cau rong. Do cing viing cia loai tay may nay thap hon 2 loai
trén va do chinh xac dinh vi phu thudc vao tam voi. Tuy nhién, loai nay co thé "nhat"
duoc ca vat dudi nén.

SCARA (hinh 1.7) dugc d& xuat lan dau vao nim 1979 tai Truong dai hoc
Yamanashi (Nhat ban) dung cho cong viée lap rap. P6 1a mot kiéu tay may co ciu tao
dic biét, gdbm 2 khép quay va 1 khdp truot, nhung ca 3 khép déu co truc song song véi
nhau. Két cau nay 1am tay may cing vitng hon theo phuong thang ding nhung kém
cing virng (Compliance) theo phuong dugc chon (Selective), 1a phuong ngang. Loai
nay chuyén dung cho coéng viéc lap rap (Assembly) véi tai trong nho, theo phuong
thang dimg. Tir SCARA 1a viét tit cua "Selective Compliance Assembly Robot Arm"
dé mo ta cac dic diém trén. Vung 1am viée cuia SCARA 1a mot phan cta hinh tru rong,
nhu trong hinh 1.7.

Tay mdy kiéu tay nguoi (Anthropomorphic), nhu duge mé ta trong hinh 1.8, ¢
ca 3 khép déu 1a cac khop quay, trong dé truc thir nhat vudng goc véi 2 truc kia. Do sy
tuong tu voi tay nguoi, khop thir hai duoc goi la khdp vai (Shoulder joint), khop th
ba 1a khép khuyu (Elbow joint), ndi cang tay véi khuyu tay. Véi két cau nay, khong co
su twong ung gitra kha niang chuyén dong cta cac khau va sb bac ty do. Tay may lam
viéc rat khéo 1éo, nhung d6 chinh xac dinh vi phu thudc vi tri cua phﬁn cong tac trong
ving lam viée. Vung lam viéc ctia tay may kiéu nay gan giéng mot phan khoi cau.

Toan b dang cac két ciu ta & trén méi chi lién quan dén kha ning dinh vi cta
phan cong tac. Mudn dinh hudng no, can bd sung phan ¢ tay. Mudn dinh hudng mot
cach tuy ¥ phan cong tac, cb tay phai c6 it nhat 3 chuyén dong quay quanh 3 truc
vudng goc voi nhau. Trong trudng hop truc quay ciia 3 khép gip nhau tai mot diém thi

ta goi d6 1a khop cau (hinh 1.9). Uu diém chinh cua khép ciu 1a tach dugc thao tac
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dinh vi va dinh huéng cia phan cong tac, lam don gian viéc tinh toan. Cac kiéu khép
khéc c6 thé don gian hon vé két cAu co khi, nhung tinh toan toa d§ kho hon, do khong
tach duoc 2 loai thao tac trén.

Phén cong tac 1 bo phan truc tiép tac dong 1én ddi twong. Tuy theo yéu ciu lam
viéc ctia robot, phin cong tac c6 thé 1a tay gap (Gripper), cong cu (siing phun son, moé
han, dao cét, chia van 60,...).

1.3. Phan loai robot

Thé gidi robot hién nay di rat phong phu va da dang, vi vdy phan loai chung
khong don gian. Co rat nhiéu quan diém phan loai khac nhau. Mdi quan diém phuc vu
mot muc dich riéng. Tuy nhién, c6 thé néu ra day 3 cach phan loai co ban: theo két
ciu, theo diéu khién va theo pham vi ing dung ctia robot.

1.3.1.  Phan logi theo két cdu

Theo két cau (hay theo hinh hoc), ngudi ta phan robot thanh cac loai: dé céc, try,
cau, SCARA, kiéu tay ngudi va cac dang khac nita (xem cac hinh tir 1.4 dén hinh 1.9).
Diéu nay da dugc trinh bay trong muc 1.2.2.

1.3.2.  Phan logi theo diéu khién

C6 2 kiéu diéu khién robot: diéu khien h¢ va diéu khién kin.

Piéu khién ho, dung truyén dong bude (dong co dién hoic dong co thuy lyuc, khi
nén,... ) ma quiang duong hodc goc dich chuyén ty 18 voi sb xung diéu khién. Kiéu diéu
khién nay don gian, nhung dat d6 chinh xac thap.

Diéu khién kin (hay diéu khién servo), st dung tin hiéu phan héi vi tri dé ting do
chinh x4c diéu khién. C6 2 kieu diéu khién servo: diéu khién diém - diém va diéu
khién theo dudng (contour).

Véi kiéu diéu khién diém - diém, phan cong tac dich chuyén tir diém nay dén
diém kia theo duong thfmg voi toe do cao (khong 1am viéc). N6 chi lam vi¢c tai cac
diém dung. Kiéu diéu khién nay dugc dung trén cac robot han diém, van chuyén, tan
dinh, ban dinh,...

Diéu khién contour dam bao cho phan cong tac dich chuyén theo quy dao bét ky,
v6i toc do co thé diéu khién dugce. C6 thé gip kiéu diéu khién nay trén cac robot han

hd quang, phun son.
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Hinh 1. 4:Tay may kiéu toa do dé  Hinh 1. 5: Cdu triic tay may kiéu

cac toa do tru

Hinh |. 8: Tay may kiéu tay ngitoi Hinh 1. 9: Khop ¢6 tay

1.3.3.  Phan logi theo #rng dung
Céch phan loai nay dua vao tng dung cua robot. Vi duy, cé robot cong nghiép,
robot dung trong nghién ctru khoa hoc, robot dung trong k¥ thuét vii try, robot dung

trong quan su,... (hinh 1.10).
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Robot leo cau thang (General Electric -
USA)

-~

Robot chan nhén (Mech. Laboratory-Japan) ~ Robot lam viéc duci nuéc (OCA)

;:‘4';8
ey

Robot trong hé théng san xudt linh hoat

Hinh 1.10: Mgt sé loai robot dwoc ung dung trong thuc té

1.4. Bai toan thuan cia dong hoc tay may
Trong dai da s6 cc truong hop, tay may 13 mot chudi dong ho, dugc cau tao baoi
mot s6 khau (Links), duoc ndi voi nhau nho cac khép. Mot dau cia chudi ndi voi gia

(Bose), con dau kia ndi voi phan cong tac. Mdi khau hinh thanh cung v6i khdp phia
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truée ndé mot cip khau - khép. Tuy theo két cdu ciia minh ma mdi loai khép dam bao
cho khau ndi sau no cac kha ning chuyén dong nhét dinh.
M&i khép (thue chit 1a cip khau - khép) duoc dic trung boi 2 loai thong sb:
- Cac thong s6 khong thay dbi gia tri trong qué trinh 1am viéc cta tay may dugc
goi 14 tham sé.
- Céac thong sb thay doi khi tay may lam viéc dugc goi 1a cac bién khép.
Hai loai khop thong dung nhét trong k¥ thuat tay mdy 13 khdp truot va khop
quay. Chiing déu 1a loai khdp c6 mot bac tu do.
Bai toan thuan nham mé ta thé (vi tri va hudng) ciia phan céng tic dudi dang

ham s6 ciia cdc bién khép. Gia sit c6 mot tay may voi n+1 khau va n khép (hinh 2.13).

Thé cua phén cong tac so voi hé toa do géc O, = %Yo, duoc mo ta bﬁng vector dinh
vi p° va hudng cua cac vector chi phuong n, s, a. Phép chuyén d6i toa do dugc biéu
dién bang ma tran chuyén d6i thuan nhat:

To(q) = n"gq) s"gq) a"gq) p"gq) (2.32)

Trong d6, q 12 vector n phan ttr, gdm cac bién khdp; p 1a vector dinh vi; n,, s, a la
cac vector chi phuong cta phan cong tac, ciing chinh 1 vector don vi cua céc truc toa
d6. Néu phan cong tac 1a tay gip thi gbc toa do dit vao tdm quay; vector a dit theo
phuong tién dén vat; s ndm trong mat phang truot ctia ham kep; n vudng goc voi a va s
theo quy tic ban tay phai.

Mot trong nhitng phuong phéap giai bai toan thuan 1a dung truc tiép hinh hoc giai
tich. Vi du, ddi vé6i truong hop co cau 2 khau phang (hinh 2.14), ta co:

0

0 s a
70 g - n® s* a° p°| |0 s a p
0O 0 0 1 1 s;’ a? pf
00 0 1 |
0 S, C, agC +ag,
_ 0 —C, S, as+as,
1 0 0O O
00 0 1
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Phuong phap tinh toan truc tiép chi 4p dung duoc cho cac co cdu don gian. Dé co
thé giai cac bai toan tong quat can mot thuat giai chung. Mot trong nhimng thuat giai
nhu vay xuit phat tir quy tdc Denavit-Hartenberg, dugc Denavit va Hartenberg xay
dung vao nim 1955. D6 1a quy tic thiét 1ap hé thong toa do trén cac cip khau - khép
trén tay may. Dua trén h¢ toa d§ nay co thé mé ta cac cap béng hé théng cac tham s,

bién khép va 4p dung mot dang phuong trinh tong quat cho bai toan dong hoc tay may.

Hinh 2. 13: M6 td thé ciia phan cong Hinh 2.14: Chudi phdng 2
tac khdu
1.4.1. M0 ta quy tdc Denavit-Hartenberg
Gia str trong chudi dong hoc cuia tay may c6 n khau, khau thir i ndi khép tha i véi
khop thir i+1 (hinh 2.15).

Hinh 2.15: Biéu dién cdc théng s6 dong hoc theo quy tic Denavit-

Hartenberg
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Theo quy tic Denavit-Hartenberg thi hé toa d6 dugc gin 1én cac khau, khép nhu
Sau:
- Dat truc toa d6 z; doc theo truc cia khép sau (thw i+1).
- bat gbe toa d6 O, tai giao diém giita z; va phap tuyén chung nho nhit cia truc z;

Va z;.1. Giao diém cua phap tuyén chung véi truc 7.1 1a gbc O cua hé O.,—xyz, .

Quy tac Denavit-Hartenberg c6 mot s6 trudng hop dic biét, cho phép don gian

hoa thu tuc tinh toan:

- Dbi vé6i hé toa do géc chi c6 phuong cua tryc z; 1a xac dinh. Gdc 0,1 va truc X; €O
thé chon tuy .

- Dbi v6i hé tht n, chi ¢d phuong cua truc X; la xac dinh. Truc z; c6 thé chon tuy y.

- Khi 2 khép lién nhau c6 tryc song song, vi tri ctia phap tuyén chung co thé 1ay
bat ky.

- Khi truc cua 2 khép lién nhau c6 truc cat nhau, phuong cua truc X; €O th ¢ chon

bat ky.
- Khi khép thit i 1a khép truot thi chi c6 phuong cia truc “-1a xéc dinh,

- bat truc toa do X theo phuong phép tuyén chung giita L va & hudng ¢
khép thie i+ dén khép thiri+l

- Truc Yi , vudng goc voi X , Va Zi theo quy tic ban tay phai.

Sau khi duoc thiét 1ap, vi tri cta hé O-%¥iZiso véi he Ot ™ %1YisZiahoan toan

xac dinh nho cac thong so sau:

. 3=00, : khoang céach giita 2 khép lién tiép theo phuong X
. 4=0.0 . khoang cach giira 2 khép lién tiép theo phuong Zia
- % gbc quay quanh truc Xl, gitra Ziavy 4

- ‘gi,: goc quay quanh truc Zia gitra Xiava %

Trong 4 thong sb trén thi a", va % chi phu thudc vao két ciu cua khau thi i.
4

Néu 1a khép quay thi 1 1a bién, con d; = const. Vi khép truot thi * 14 bién, con ¥ =

const.
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Dén day, c6 thé mo ta phép chuyén toa do giira hé i va hé i-I, nhu sau:

14 C)'i— X'i yli Z'i Zi—1
Tinh ti€n hé doc theo truc mot khoang d;, sau d6 quay mot goc
5 Oi—Xi yi Zi 2 I3 \ /
dé nhan duoc hé .. Ma tran chuyén doi thuan nhat tuong ting la:

_C.9i =S, 0 0 |

Ai—l =S5 Cy 0 0

0 0 1 d
0 0 00 |

- Tinh tién hé O X3y} vira nhan dugc mot khoang a doc truc X , sau do

O,_Xx Yz

quay n6 quanh truc X mot goc & , dé nhan duoc hé i. Ma tran chuyén doi

thuan nhat twvong g 1a:

Ma tran tong hop nhan dugc bang cach nhan hai ma tran trén:

Coi  —S4Cui  S4Cu acy |
i-1 AL AR Ssi CuCu —CyCui  ASy,
A qi _A A O Sai Cai di
0 0 0 1] (2.39)

3

Chu ¥ rang, ma tran chuyén vi tir hé i dén hé i-1 13 ham cua cac bién khép
(néu khép th i 12 khdp quay) hodc d; (néu khép thir i 1a khop truot).

Mot cach téng quat, quy tic Denavit-Hartenberg cho phép t6 hop cic ma tran
chuyén vi riéng r€ thanh mot ma tran chuyén vi thudn nhét, biéu dién vj tri va huong

cua khau n so v6i khau co so.

nl s, a py]|
N ¢ 3 po 1 g

Tn0 q = nz SZ az pz; :A&O(ql)Az , Aw (qn) (2.34)
0 0 0 1

17



Quy tic nay co thé ap dung cho chudi ho bét ky trong két cdu tay may, nhu biéu

dién trong hinh 2.16.

0
T, (q)
Hinh 2. 16: So dé chuyén vi ciia phdn cong tdc so vii co s

1.4.2. Mgt sé vi du ap dung quy tdc Denavit-Hartenberg
Co cau 3 khiu phing

Co cau c6 3 khép quay voi cac truc song song. Dat truc X doc theo phuong cua

cac khau, con cac tham sb d; =0 Cac bién khop la cac goc quay ‘9' So db dong hoc

va bang tham s6 Denavit-Hartenberg nhu trén hinh 2.17.

Bdng théong sé Denavit-
Hartenberg

Khiu | a, | o, | d, | 9,

1 a, | OO |9,

2 a, | 0] 0|09,

Hinh 2.17: Co cdu ba khdu phdng
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Vi céac cip khau - khép c6 két ciu tuong ty nhau, nén tir (2.34) co thé viét ca 3

ma tran chuyén doi thuan nhat dudi dang nhu nhau:

¢, -s, 0 ac |
. ss ¢ 0 as :
(3)=| ' " (vei 1=1,2,3
A= o o )
0 0 01 |
Ma tran chuyén vi (2.34) bay gio trd thanh:
_C123 _8123 0 alcl + aZClZ + aSClZB_
S, C 0 as +as,+as
TO — 0ALlA2 — 123 123 1 2712 123 235
J=ARA = 2 (2:35)
0 0 00 i

trong d6 9= 99,9, !
Co céu toa df cau

Co ciu tay may cau va bang tham sé ctiia né dugc cho trong hinh 2.18. Vi 2o va

Z d =0

1 cat nhau, nén

Tir (2.34), ¢ thé viét cac ma tran chuyén vi thanh phan nhu sau:

'c, 0 -s O]

o ss 0 ¢ O

19:

A=l 0 0
0 0 0 1
'c, 0 s, O]

o s, 0 c, O

'9:

A (&) 0 1 0 d,
0 0 0 1 |
(1 0 0 0]
0100

0

19:

K@)=g o1 o
00 01
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Bdng tham s6 Denavit-

Hartenberg
Khép | a, | o —] d, 9,
A, 1 | 0|72 9,
A, 2 0| =n2|d | 9
— W3 |0 0 |d | O
2. ’
@‘\\\/
Hink 2.18: Tay may kiéu toa dé cau
Ma tran chuyén vi tong hop
cc, -s, cs, cs,d,+sd,]
ss, ¢, Ss, ss,d,+cd
TO :012: 1%2 1 1%2 1¥273 172 236
S@=ana-tt (2.36)
0 0O O 0 i

gq= l91‘92'93 '

trong do
1.4.3.  \Vung hoat déng ciia phan cong tac

Nhu da néi 6 trén, vi tri cua phén cong tac duogc dai dién bdi vi tri ciia géc toa do
gan trén nd so voi hé toa do chung, nghia 1a bai vector p. Tuong tw, huéng cia phan
céng tac dugc mo ta thong qua bd cac tham s6 MRO va, mdt cach hinh thirc, ta biéu
dién bang vector ¢. Tong hop lai, thé ciia phan cong tac dugc biéu dién bang vector

MxL 6 M< 56 bidn khop (n):

p
= 2.37
" M (237

Biéu thirc nay ding mot s6 lugng tbi thiéu cac thong s6 doc 1ap nhau dé mo ta
thé ctia phan cong tac. N6 ciing biéu dién vung, trong d6 tay mdy c6 thé hoat dong
theo diing chirc ndng cia nd, goi la vung hoat dong.

nx1 . R X Y cyoL e , A , i . N .
Vector bi€u dién mién gia tri cua cac bién khop G , goi la khong gian

khép:
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h
q=|:
G, (2.38)
trong do, g, =8 cho khdp quay; g, =d., cho khdp truot.
Bang cach nay c6 thé viét phuong trinh dong hoc cta tay may duéi dang khac:
X =k(q) (2.39)
Vi du, v6i co cau 3 khau phang (hinh 2.17), c6 thé nhan thay vi tri ciia phan cong
tac dugc xac dinh nho 2 toa do py, py, cOn hudéng cua phan cong tac duoc xac dinh nho
goc ¢ gitta nd véi truc Xo. DI chiéu véi (2.35), ¢6 thé biéu dién vi tri ciia phan cong
tac thong qua 2 phan tor dau cia cot th tu, con hudng cua nd qua goc

¢=‘91=‘91+‘92+193

P, ac +a,t, +a,C,,
X=|p v |~ k(q) =1 as ta,5, +a;5,
) g +94 +9

D6 ciing chinh 13 truong hop riéng cua (2.37), biéu dién ving hoat dong cia tay
may 3 khau phang.

Mot trong nhitng thong s6 dong hoc quan trong ciia tay may la ving lam viéc
(Workspace) ctia né. Do 1a khong gian ma gbc toa do ctia phan cong tac co thé voi toi
dugc, tirc 1a khong tinh dén su dinh huéng cta phan cong tac. Poi khi nguoi ta phan
biét vung lam viéc noi trén (goi 1a Reachable workspace) vdi vung lam viée c6 tinh
dén su dinh hudng cta phan cong tac (Dexterous Workspace).

Thé tich va hinh dang cua ving lam viéc phu thudc vao két ciu cia tay may va
gidi han (mién gia tri) cia cac bién khop. Déi véi tay may co n bac tu do, ving 1am
viéc 1a tap hop moi vi tri co thé ctia phan cong tac, nhu md ta trong phuong trinh dong

hoc:

P = P(A): Gy <Gy ;1 =1..0.
trong d0, Gim (Qim) 12 gid tri gidi han dudi (trén) cia mdi bién khép. Ving lam

viéc ndy co6 cac tinh chit: ¢o gidi han, khép kin va lién thong.
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Biéu dién hinh hoc viing cong tac cia tay mdy la diéu phirc tap. Tuy nhién, ching
ta c6 thé hinh dung vé ving lam viéc cia tay may thong qua mot vi du don gian. D6 1a
co cau 2 khau phang (hinh 2.19).

CAu hinh va thé cua cing tay dugc thé hién bang hinh chit nhat kin abcfeda.
Poan ab tuong ung véi %2 = Gou , con % bién thien tir %n dén % Tave dugc cung
AB tuong ng trong hinh bén phai. Cung BF tuong rng doan bf: % = O con % giam

tr Qom dén Jz2m- Tuong tu, ta vé dugc cac cung FE, EA. Vung cong tac con dugc hinh

thanh bi cung CD tng véi g, = 0, con % bién thién tir %im dén Gm .

A
%
a qzu b
qlm qlll 7"'7 >
d 9,=0 c
o im /

Hinh 2.19: Phuwong phap xdy dung vung lam viéc cua

co cdu hai khdu phang

1.5. Bai toan ngwec caa dong hoc tay may

Bai toan thun ctia dong hoc tay may cho phép xac dinh thé cua phan cong tac va
c6 thé ca ving 1am viéc cta nd theo quan hé véi cac thong sd dong hoc cua cac cip
khau - khép. Bai toan ngugc nham xac dinh bo thong $b dong hoc dé dam bao chuyén

dong cho trude ctia phan cong tac. Theo biéu thuc (2.34), néu co bd cac thong sb xac

0
dinh thi c6 thé xdc dinh 10 (D) mot céch don tri. Déi véi bai toan ngugc thi khong hin

nhu vy, vi:

- Cac phuong trinh ¢6 dang phi tuyén va siéu viét, thuong khong cho 10i giai ding.
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- €06 thé co nhiéu 10i giai.

- C6 thé gip nghiém vo dinh, vi cac lién két thira (gidng nhu két cdu siéu tinh).

- C6 thé co nghiém tim dugc béng toan hoc lai khong chép nhan duogc vé mat vat
1y, do cac rang budc vé két ciu.

Tinh da nghiém cua bai toan nguoc khong chi phu thudc vao sé cac bién khép
(ttc la s6 bac tu do) ma ca vao $6 lugng cac tham s khac khong trong két cAu. Noi
chung, s luong nay cang 16n thi sb 101 giai chap nhan duoc cang nhiéu. Vi du, tay
may sé bac tu do c¢6 thé co t6i 16 nghiém. Didu d6 doi hoi phai co cac diéu kién phu
vé co cau dé giam s6 nghiém nay.

Viéc tim kiém mot nghiém phu hop doi hoi ¢ ngudi thiét ké mot truc gidc vé toan
hoc va vé két cau dé du doan nhirng diém hodc khu vuc kha di giam duoc ) nghi¢m
can chon lya.

1.5.1.  Co cdu 3 khau phang

Co cau 3 khau phang dugc hinh dung nhu trong hinh 2.17. So sanh phuong trinh
dong hoc cia n6 (2.35) v6i phuong trinh dong hoc téng quat (2.34) ta co thé xac dinh
toa do ctia diém W (gdc toa do ctia khop 2) [3,tr.42]:

PWX =P, —aC, =ac +a,.,

Pwy = py - a33¢ =as, +a,5, (2.40)

Mt khéc, tir hinh hoc cua co cau, co gidi han vé goc nghiéng ctia phan cong tac
vo1 than:
p=39+8,+9 (2.41)
Binh phuong rdi cong 2 vé ciia (2. 40) s& rit ra dugc

2 2 2 2
_ pwx+ pwy_al _a2

2

28,3,
A . .. s . 1<ce. <
Tat nhién, C, phai thoa man diéu kién 1<c,<1
N .S =+./1-¢?
Tirdé tac 2=+ 1-c

Trong d6, dau cong Gmg véi thé ban tay hudng 1én, con du trir img v6i thé ban

tay huéng xubng. Vay:
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9, = Atan2(s,,c,)
4

Thay Y2 vao (2. 40) roi giai hé phuong trinh d6, nhan duoc
_ (a1 + azcz) pwy — a5, pwx
1 p., + P,

X

9 = Atan2(s,c,)

y

Cudi cung, tinh duge: 9, =g —9 — 9,
1.5.2.  Co cdu cdu
Co cau cau (hinh 2.18) va phuong trinh dong hoc cta nd nhu (2.36). Can xéac

3.,8,.d

dinh gia tr1 cua cac bién khép 3 tuong Ung vi tri xac dinh ctua diém géc toa do
W trén phén cong tac. Pé thuén tién, vi tri cia W duge xac dinh theo hé 1. Vay, tu

(2.36) c6 biéu thirc

c, 0 s, ss,
0 4o 1p2 S, 0 —C, _dacz
T = =
RIT=RR= T
0 00 1 |

Binh phuong 3 phén tir dAu cta cot thtr 4 cha ma tran trén 2 vé, duoc biéu thic

8 . d,

chi phu thuéc 2 va

pwX Cl + pwysl d352
p'w=|-p, =|-dc, (2.42)

-p, S +p,C| Ld

Dé giai phuong trinh, dat
t=tan(4/2)

B S
dé cho b1+t va b1+t

Thay chiing vao vé trai ciia (2.42), dugc phuong trinh
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(d, +p, )" +2p, t+d,-p, =0
Giai ra, ta duogc

=P, t\[P; + P —0;
dZ_'-pwy

t=

v6i diéu kién biét thic phai dwong. Hai nghiém tuong tng véi 2 thé khac nhau

cua ban tay la

9 =2Atan2(-p,, J_r\/pfvx +p,, —d;,d,+p,)
Tir hai phan tr dau cta (2.42), nhan duoc

pwxcl + pwysl _ d382
- pwZ _dscz

= Atan2 C+p. S,
Tir dé: (P..Ci+ P Py)
Cubi cung, binh phuong va cong 2 phan tir dau cia (2.42), dugc:

ds = \/( P, C + pwysl)2 + pfvz
d,>0

voi diéu kién
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Chuong 2:
XAY DUNG VA PIEU KHIEN
CANH TAY ROBOT BA BAC TU DO

Céc chuong trudc cua dé tai da tap trung giai quyét cac van dé thudc veé cau truc,

dong hoc, dong luc hoc, thiét ké quy dao,... ciia tay may. Chuong nay s& dé cap dén hé

théng diéu khién, néu khong c6 n6 thi robot khong hoat dong dugc.

Mudn diéu khién dugc robot thi phai c6 4 yéu t6:

Hé théng phat dong va chip hanh

Hé théng cam bién (Sensors)

B0 diéu khién (Controller), gdm phan cimg va phan mém hé thong
Chuong trinh diéu khién.

N6 nham tao cho nguoi sir dung robot mot co so thyuc tién cho phu hop véi yéu

cau cong nghé dé thiét ké ché tao va diéu khién céanh tay robot.

2.1. Xay dwng phan co khi cia robot

X4y dung phan co khi phai cin clr vao stic nang cta tay may, d6 1a khdi luong

16n nhat cta vat ma robot ¢ thé nang dugc. Thiét ké robot cling tuan theo nhiing

nguyén tac chung cua viéc thiét ké may. Trong phan nay tac gia trinh bay vé co cau co

khi nhung ciing phai bam theo yéu cau vé cong nghé dé dua ra mdt con robot voi yéu

cau k¥ thuat nhu sau:

Hoat dong linh hoat

Chac chan, gon gang vé co khi

bam bdo hai hoa hop giira robot véi mai truong
Su hoa hop gitra robot véi nguoi dung

Thiét ké c6 xu huéng san xuat

Vi yéu cau vé khoi lugng nang ciling nhu yéu cau cong ngh¢, tac gidi xin trinh

bay vé ciu tao canh tay robot do tac gia tu ché tao bao gdm cac bo nhu sau:

2.1.1.

Cdu tgo cia canh tay robot
Céu tao cua canh tay robot duoc chia 1am 3 phan (Hinh 2.1):

Phan chan dé
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- Than robot
- Phéan canh tay

Chan d¢ — Than ——» Cénh tay

T

May tinh —» Bo PK

Hinh 2.1: So do khoi ciia canh tay robot
+ Phan chén dé:
Puogc lam bang hop gb voi do day 1a 10mm, chiéu cao 1a 100mm véi két cau

clig cap va chan dé nay ciing 12 noi ta dé bo diéu khién (Hinh 2.2)

Chan dé

Hinh 2.2: Két cau phan chdn dé ciia robot
+ Phdn than robot:
Phan than 1a mot hinh tru tron ¢6 duong kinh 100mm, bé day 1a 3mm, chiéu cao

300mm (Hinh 2.3)

Thén
Eobot

Hinh 2.3: Két cau phan than robot

+ Phdn cdnh tay:

Puoc ciu tao boi nhitng tam mika c6 do day 10mm, chiéu dai Link 1 1a 20mm,
chiéu dai Link 2 13 95mm. Pugc gia cong bang tia lazer. V6i két ciu nhe nhang va dep
mat nhung van dam bao duoc qua trinh 1am viéc cho canh tay robot khi robot gap vat
(Hinh 2.4)

Cénh tay robot véi 3 khop chuyén dong, gdm 2 khép quay va 1 khop tinh tién,
trong d6 2 khdp quay duoc gin 2 dong co DC va gin encoder, khép tinh tién duoc
diéu khién boi hé thong xilanh 9.
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Ban kep 11 duoc diéu khién béi xilanh 10. Vi két cu 1a khi nén nén dam bao

khi ga“'lp vét thi s& chic chin va do 6n dinh cao.

Link 1 Link 2

Hinh 2.4: Két cau phan cdnh tay ciia robot
+ Tong thé ciia canh tay robot
Sau khi thiét ké riéng 1é tirng bd phan cta robot ta lip rap dugc 1 canh tay robot

hoan thién nhu sau (Hinh 2.5)

Hinh 2.5: Két cdu co khi ciia canh tay robot

+ Chd thich:
Chan tay may
Théan tay may
Pong co dan dong cho khép 1
Encoder phan hdi vi tri cho dong co 3
Link 1
Encoder phan hdi vi tri cho dong co 7
Dong co dan dong cho khop 2
Link 2
Xilanh tinh tién

© 0o N o O~ w DRk

28



10. Xilanh kep
11. Tay kep
2.1.2.  Cdu tgo cia tay kep
Phéan cong tac cta robot rit da dang. Trén cac robot chuyén dung thi phan cong
tac cling 13 thiét bj chuyén dung. O dé tai nay thi cai véi tay kep thi khong doi hoi qua
cao vé co cdu chuyén dong nhung ciing can phai hoat dong va lam viéc dang tin cay:
bt dung dbi twong, giit chic, nhung khong 1am hong ddi twong. Ngoai ra, con gon
nhe, tac dong nhanh.
Véi yéu cau cong nghé nhu trén thi tay kep dugc ché tao don gian nham muc

dich giit va ndm chit ddi trong can di chuyén (Hinh 2.6).

Hinh 2.6: Két cau co khi ciia tay kep

CAu tao cua tay kep: Vi 2 ban kep 1a bang mika (11). Chuyén dong dugc dan
dong bai xilanh 10. Dan dong bang khi nén, nén chuyén nhanh gon va chinh xac.
2.1.3.  Truyén déng khi nén

Truyén dong khi nén 14 loai c6 gia thanh thap nhat, thuong ding cho cac thao tac
lap dit chi tiét trén day truyén lap rap. Pac diém cua loai nay 1a trang bi don gian va dé
diéu khién. Viéc thiét ké va lap dat loai nay don gian nhanh gon, chuyén dong doc 1ap
duoc thuc hién boi cac xilanh riéng 1€ (Hinh 2.7) hay boi cac m6 — dun khi nén chuyén
dung. Piém luu y 6 loai nay 13 do chinh xéac vi tri 1ap lai thap.

Trong hau hét cac img dung co ciu tac dong khi nén hoat dong vé6i 2 vi tri hon 1a
sir dung hoi tiép dé dat ché do diéu khién ti 18 bai vi do tinh chat cua khi nén, khi diéu
khién & cudi hanh trinh thi d chinh x4c vi tri cling nhu d6 lip kha t6t nhung khoang
gitra hanh trinh thi rat kho dat dugc.

Dé tai ¢ day dung loai hé thdng khi nén c6 ap suit 1a 9 Mpa ludn duge giir on

dinh trong qué trinh lam viéc cua robot.
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Hinh 2.7: Hé thong khi nén

Uu diém:
- Giathanh khong cao
- Khi thai khong gy 6 nhiém moi truong
- Ngudn khi nén pho bién trong cong nghiép
- Thich hop cho céc thiét ké dang robot dang mé — dun
- Co cau tac dong c6 thé dimg ma khong hu hong
Nhuoc diém:
- Ap suét khi nén gi6i han su diéu khién va do chinh xac
- Khi xa giy 6n
- Khi bi ro ri gay tré ngai cho hé thong
- Can phai ¢6 bg loc 1am kho nguén khi nén
- Kho diéu khién toc do
2.1.4. Truyén déng dién co
V61 nhiing cong viéc doi hoi chinh xéc, loai robot véi truyén dong dién to ra déc
dung nhét vi chiing cho phép bao dam dugc do chinh xac dich chuyén cao va kha ning
thuc hién nhirng thao tac phtrc tap (Hinh 2.8).
Uu diém:

- Co cau tac dong nhanh va chinh xac
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- C6 kha ning ap dung k¥ thuat diéu khién phirc tap cho cac chuyén dong

- Gia thanh khong cao

- Thoi gian trién khai hé thong robot mgi nhanh

- Nhiéu dong co c6 md — men quay cao, trong lung giam va thoi gian dap ung
nhanh

Nhuoc diém:

- Ban chét d3 1a téc do cao

- Khe ho bo truyén banh ring 1am giam d6 chinh xac

- Gay qué nhiét hé thong bi dimg hoat dong khi qu4 tai
- Can phai c¢6 thiang dé ghim cac vi tri cac khép

+ Nhom thir nhat:

Dung dong co budc (stepper motor) dé thyc hién nhitng chuyén dich géc chinh
xac dudi tac dung cua cac xung dién 4p. Dich chuyén goc cua robot cia cac dong co
budc dat duoc do chinh xac cao néu momen tai trong khong vuot qua momen gidi han
cua dong co.

+ Nhom thtr hai:

Dung dong co phu trg véi ngudn dién DC. Trong trudng hop ndy nhat thiét phai

c¢6 lién hé nguoc gilta ngudn dan dong (dong co) véi phan dich chuyén (chap hanh)

cua robot.

Hinh 2.8: Bong co DC
2.2. B diéu khién cho canh tay robot ba béc tw do
2.2.1.  Mddau
Trong phan nay tac gia s& di siu nghién ctru vao bo diéu khién canh tay robot 3
bac tu do. Bo diéu khién robot thuong cAu thanh tr cac b phan co ban tuwong ty nhu

may tinh, gdm bd vi xtr 1y, bd nhé va bo xuat nhap, két hop véi may tinh dé thé hién
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cac 1énh khi lap trinh va dong thoi theo ddi su thay ddi toa do trong dich chuyén cia
cac khau, duoc sip xép theo tirng mo-dun gdm cic bo mach dién tir. Bén canh do, dé
12p trinh mot cach thuan tién cho robot, tac gia st dung phén mém LabVIEW dé c6 thé
thay d6i vi tri gdp va nha vat két hop véi bdo md phong 3D dé tién quan sat canh tay
robot. Bo diéu khién 14 bd phan thé hién nhitng dic diém k¥ thuét wu viét cia robot, vi
vay ¢ day sé trinh bay cu thé hon vé timg bd phén trong hé théng diéu khién robot.
Chu dong thiét ké duoc bd diéu khién do vay cé thé hoan toan chu dong trong
linh vuc cong nghé. Bo diéu khién c6 thé két ndi dugc véi may tinh théng qua cong
USB. Tao su linh dong trong qua trinh thao tac ciing nhu van hanh va c6 thé dé dang
cai dat lai cac thong sd cho robot. Sau déy ta di tim hiéu vé cac d6i tuong trong bod
diéu khién.
2.2.2.  Mach diéu khién
+ Vi diéu khién
Khéi vi diéu khién dugc viét trén dong vi diéu khién ATmega (ATmega 16 ).
Dong vi diéu khién nay 1a loai 40 chan. Dong vi diéu khién nay thudc ho vi diéu khién
AVR. Dic diém cua ho vi diéu khién AVR nhu sau:
® AVR do hang Atmel ché tao ra, 14 ho vi diéu khién 8bit theo cong nghé mai voi
nhitng tinh nang rat manh dugc tich hop trong trong chip.
® AVR 6n dinh hon rit nhiéu so véi dong vi diéu khién 8051
® Tinh nang mdi cia ho AVR
- Giao dién SPI d@)ng b0, giao tiép 12C, USART.
- Céac16ivaora lap trinh duoc.
- Tich hop bo bién doi ADC 10bit.
- C6 san cac kénh bam xung PWM.
- B0 Timer/Counter 8bit va 16bit rat manh.
- B0 dinh thoi Watchdog.
- Bo6 nhé EEPROM.
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J
(XCK/TO) PBO ] 1 40 |2 PAD (ADCO)
Ty PB1 2 39 |2 PAt (ADCY)
(INTZIAIND) PB2 ] 3 38 [0 PA2 (ADC2)
(OCQVAINT) PB3 ] 4 37 [0 PA3 (ADC3)
(58) PB4 ] 5 36 | PA4 (ADC4)
(MOSI) PBS ] & 35 |0 PAS (ADCSH)
(MISO) PBS ] 7 34 IO PAS (ADCS)
(SCK) PBT ] 8 33 [J PAT (ADCT)
RESET ] @ 32 |2 AREF
vee ] 10 31 |2 GNO
GND ] 11 30 O AVCC
XTAL2 ] 12 29 [0 PCT (TOSC2)
XTALY ] 13 28 |0 PCS (TOSCH)
(RXD) PDO ] 14 27 [0 PCS5 (TDN
(TXD) PO1 ] 15 26 [0 PC4 (TDO)
(INTO) PD2 ] 16 25 [0 PC3 (TMS)
(INT1) PO3 ] 17 24 [ PC2 (TCK)
(OC18) PD4 ] 18 23 |0 PC1 (SDA)
(OC1A) PDS ] 19 22 O PCO (SCL)
(CP1) PD6 ] 20 21 |2 PO7 (0C2)

Hinh 2.9: Vi diéu khién ATmega 16
+ So d6 FT232:

- Mach dau vao la cong USB dugc néi véi cac 4,15,16,17,20 cac chan la
dau vao cua FT232. Trong d6 ¢ 2 chan tin hiéu DM va DP 1a 2 chan
truyén di liéu tir USB.

- Mach dau ra theo chuan RS232 bao gém 2 chan TXD, RXD

- Sau khi cai dat thi may tinh s& hiéu day 1a mot COM ao

J6
uiB U0 FT232 RL 4,
g | 12 DM XD é NS oo
1 DP RXD R2
| ig VCC CTS —Yél %A% Dl
j_ 433V RTS [5—X
c17 VCCIO DTR [g—X
100nF 27 DSR 35X
— — *¥—5g7 OSClI DCD [5 ¥
° — ng 0SCO Rl [—X
L2 - ¥—=— |RESET 23
CHOKE ITXLED 55X
26 IRXLED [, %
o5 | TEST  /PWREN [~ ¥
S — 7| AGND TXDEN [5—X
3 104 51 | GND7  /SLEEP —Yz4
S 18 | GND21 NC24 [g—X
> GND18 NC8 X

Hinh 2.10: So d6 mach FT232
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+ Card HDL 9090
Str dung thém card HDL 9090 dé 1am b diéu khién cho canh tay robot.

1 GND - USB @ 28 GND

2 VCC 27 ADC1

3 CNT- 26 ADC2

4 CNT+ 25 ADC3

5 GND 24 ADC4

6 DI1 23 ADCS

7 Di2 22 ADCe

8 DI3 HDL 9090 21 GND

9 Di4 20 PWM1

10 GND 19 PWM2

11 SwW1 . 18 GND

Top View

12 SW2 17 PULSE

13 SW3 16 DIR

14 sw4 = n 15 VvCC

Hinh 2.13: Card 9090
Bang 2.1: Bang mo ta chirc nang chan cua Card 9090

GND Ground — chan mat Nguon
vcC Nguon 5V lay tr USB Nguon
CNT+/CNT- | Chan dém Counter Input
DI1-D14 Tin hiéu vao dang s6 0-5V Input
SW1-SW4 | Tin hiéu ra dang s6 0-5V Output
DIR Set bé dém xung dém lén(5V) hay dém xudng (0V) | Input
PULSE Pém xung tin hiéu 0-5V Input
PWM1- Xuat tin hiéu PWM dé diéu khién Output
PWM2
ADC1- Nhan tin hiéu vao twong tw (Analog) 0-5V Input
ADC6

35



LUsSE ':-Ell'd » : ................................... DiI4
Sh2 o : L ancC2
SWY3 - b ADC3
PWwWM 2 (0-500) * K — A0S
PwWM 1 (0-500) d : aDCe
WM Frequency (3-60 kHz) 4 v Encoder
Counter
[ DIE

Hinh 2.14: Thur vién cua Card 9090

Bang 2.2: Bing mé ta cac dau vao, dau ra caa thw vién

| |
USB Card Control | Tao control tai chan nay dé chon thiét bi USB HDL
9090
SW1-SW4 Control | Néi gia tri Boolean (TRUE-FALSE) vao cac chan nay

dé phan cirng HDL 9090 xuét ra tin hiéu sé twong tng
(TRUEL 5V, FALSE 0V)

PWM1-PWM2 Control | Néi gia tri s6 nguyén 0-500 vao dé phan ctrng xuat
xung PWM co duty cycle twong ng la 0-100%

PWM Frequency Control | Néi gia tri tir 3000-60000 vao dé chon tan s6 tin hiéu

(3-60kHz) PWM card xuat ra.
DI1-Dl4 Indicator | Gia tri tin hiéu sé doc duoc tir chan DI1-DI4 trén card.
Gia tri mac dinh la TRUE (5V)
ADC1-ADC6 Indicator | Gia tri ADC (0-1023) doc dwoc tir cac chan ADC tuong
trng trén card
Encoder Indicator | Gia tri encoder 0-100000
+ Diver DC:

Day 1a mach L298 dung cho viéc diéu khién dong co DC, véi canh tay robot ta
st dung 2 mach nay. L298 véi dong lam viée 1a 2A dung dé diéu khién cho 2 dong co,
nhung v61 mach cua canh tay robot thi chi dung cho 1 dong co DC vi kha nang chiu
dong lam vi¢c cua L298 1a 2A vay nén nd dugc dau song song. Mdi mot mach diéu
khién 1 dong co DC.

Hoat dong ctia L298:

C6 3 chan tin hiéu dau vao 1a EnA, Inl, In2. Hai chan tin hiéu ra 1a Outl, Out2
duge ndi voi dong co DC. Mudn dong co quay thudn thi cho phép tin hiéu Inl (chin

In1 dugc ndi voi chan cuaa vi diéu khién). Chan EnA cling dugc noi voi chan cua vi
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diéu khién. Khi ¢ 2 tin hiéu nay thi dong co s& quay thuan. Con mudn quay nguoc ta

chi can cho tin hiéu In2 (Hinh 2.15, Hinh 2.16, Hinh 2.17).

{

Multiwatt15 PowerS020

Hinh 2.15: L298

oun our2 Vs ours oute
Q L Q
2 3 B 3 Ve
s |
C.L Yot . .
- == 5 A -5
1 2 3 &
:_1s uf s
L
n2 1, 0 —l?)'
EnA
o8 o
\ s 15

SENSE A e | Oserse 8
i !n“ J‘ Rsp '

Hinh 2.17: Driver L298
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2.2.3.  Sirdung phan mém LabVIEW dé viét giao dién diéu khién
Nguyén ciru vé LabVIEW

LabVIEW viét tat cioa Laboratory Virtual Instrumentation Engineering
Workbench 13 m6t méi truong nén va phat trién cho mot ngdn ngir 1ap trinh db hoa cua
héng National Instruments.

LabVIEW dugc phat trién tir nam 1986, ban dau LabVIEW duoc st dung rong
rdi dé nhan dir liéu, diéu khién thiét bi va tuy dong hoa trong cong nghiép chay trong
nhiéu nén h¢ diéu hanh khac nhau nhu Windows, Unix, Linux va Mac OS.

LabVIEW ngay cang dugc su dung rong rai trong do luong cong nghi¢p, thi
nghiém va gido duc cling nhu trong cac ing dung ty dong hoa dua trén co sd lap trinh
d6 hoa (graphical programming). Khac vai lap trinh vian ban (textual programming),
lap trinh d0 hoa tryc giac hon. Tuy nhién LabVIEW van hd tro 1ap trinh van ban.
Trong LabVIEW c¢6 rat nhiéu ham dung dé phan tich, thiét ké va biéu dién dir liéu
bang d6 thi va cac dung cu do ludng 4o phong phu.

Ngay nay, LabVIEW c6 nhiéu cong cu va cic mdédun khac nhau lam cho
LabVIEW c6 chic ning tinh toan manh trong lap trinh phén tich, thiét ké hé thong
diéu khién, xtr 1y sb liéu, nhan dang hé thdng, toan hoc, md phong, va nhiéu chic ning
khac. Ngoai ra, LabVIEW con hd tro rat nhiéu phan ctng nhu bang giao dién dir liéu
vao ra (bang nhan dir li¢u, DAQ, data acquisition), bus truyén thong dir licu CAN
dung trong do ludng va ty dong hoa; cac bo diéu khién mém (drivers) va hd tro cac

tiéu chuan giao tiép nhu CAN bus, OPC, Modbus, GPIB, ... (Hinh 2.18)

Hinh 2.18: Md nguon ciia LabVIEW
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LabVIEW dugc st dung tai hon 30.000 ngan cong ty va hang ngan phong thi
nghi¢m trén thé gioi. Hau hét cac phong thi nghiém ¢ céc chau luc dac biét 1a tai chau
My, Han quéc, Nhat ban, Trung qubc. Cac vién nghién ctru cao cap nhu may giao tdc
16n nhat thé giéi, thu thap va truyén nhan dir liéu tai co quan vii tru NASA. Céc cong
ty vé do luong, kiém dinh, xir 1y tin hiéu, va diéu khién cong nghiép vi du, cac day
truyén kiém tra 16i san pham tai Han qudc, cac hé thong thu thap va dicu khién cong
nghiép trong nganh tau bién, giao thong vén tai tai Nhat Ban, cac cong ty, nha may
kiém tra dién thoai tai Singapore...

Tai Viét Nam hién nay, nhiéu cong ty da st dung phan mém nay dé diéu khién
cac diy chuyén ty dong ma hau hét duoc nhap khau tir nudc ngoai. Tuy nhién, cac
nghién ctru vé Gng dung ciia LabView trong giang day thi chua nhiéu. Nghién ctru céc
tmg dyng cta phan mém LabView dé dua vao giang day s& giup sinh vién tiép can,
nim bat duoc phan mém moéi va st dung trong thuc tién san xuét khi ra ngoai 1am
viéc.

Bén canh d6, LabView 13 ngdn ngit lwu do hoa, dién dat cd phap théng qua cac
hinh anh tryc quan trong moéi trudong soan thao giup nguoi lap trinh c6 phuong phap
tryc quan hon trong viée tu dong hoa cac hé théng do ludong va diéu khién. Diéu nay
gitip giang vién trinh bay cho sinh vién mot cach truc quan, sinh dong, dé hiéu.

Ngbén ngir luu d6 két hop v6i khdi I/O gin lién va didu khién giao dién nguoi sir
dung tuong tadc cung den chi bdo lam cho LabVIEW tré thanh mdt sy lwa chon li
tuong.

Ung dung ciia LabVIEW

LabVIEW duogc tng dung trong cac linh vuc do luong, tu dong hoa, co dién i,
robot, vat 1y, todn hoc, cong nghé sinh hoc vv...

- LabVIEW giup k¥ su két ndi bat ky v6i cam bién nao, bat ky co cau chap hanh
nao voi may tinh.

- LabVIEW c6 thé xir 1y céc dir li¢u nhu cac tin hiéu tuong tu (analog), tin hi¢u
s6 (digital), am thanh (audio).

- LabVIEW hd tro cac giao thirc giao tiép khac nhau nhu RS232, RS485,
TCP/IP, PCI, PXI.
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- Ban ciing co thé tao ra cac thuc thi doc lap va céc thu vién chia s¢ (vi du nhu
thu vién lién két dong DLL), boi vi LabVIEW 1a mét trinh bién dich 32bit (Hinh 2.19
va Hinh 2.20).

-

"

WAL T St r gt g b s e et e

Wites aed Rt Aecsloss Ted Leten 3 04T

Hinh 2.19: Thu thdp dir liéu tai Co quan hang khong vii tru - NASA
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Hinh 2.20: Piéu khién dong co theo thuat toan PID



Truyén thong trén LabVIEW
- Khéi VISA Configure Serial Port (Hinh 2.21)

llllll

WISA Configure
Serial Pork

» baud rate (96000
v data bits (8)

*Enable Terminatio
FEFFOF N {No error)

Flaws contral (0:none’

@ *Flows conkral (0:no
parity (0:none) v parity (0:none)
@—|—>stop bits (10: 1 il

rtermination char
» timeout {10sec)
WISA resource nar
error auk *
WSS resource nark

IIDDDDI
stap bits (10: 1 bit)

o=

YISA resource nanje 2

Hinh 2.21: Mé td chén cua khéi VISA Configure Serial Port

Két ndi véi mach qua chuan ndi tiép RS232. Véi so d6 khéi VISA Configure

Serial Port, vdi cac tin hi¢u nhu sau (Bang 2.3).

Bang 2.3: Bang mo ta tén chan ciia khoi VISA Configure Serial Port

Tén chan

Chirc nang

VISA resource name 2

Chon thong s6 cong Com

Baud rate (9600)

Chon toc d6 baud. Mic dinh 1a 9600

Data bits (8)

S6 bit dit liéu vao. Mic dinh 1a 8 bit

Parity (0:none)

Bit chan 1¢ - dung khi duogc truyén - nhan. Mac dinh 1a 0

Error in

Thong bao 16i trude khi chirc nang nay hoat dong. Mic

dinh la No Error

Stop bits (1.0)

Mot bit Stop

Flow control

Diéu khién luu lwong truyén dir liéu. Mic dinh 14 0

Millisecond multiple

Khoang thoi gian truyén thong

VISA resource name out

La toan bg gia tri cia VISA resource name

Error out

Néu 16i ngd vao chira thong tin 161 trude khi VI chay thi 15

ngd ra s& mang thong tin 16i d6
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- Khéi VISA Write Function (Hinh 2.22)
VISA Write Function: Ghi dit liéu tir Write Buffer t&i thiét bi hay giao dién dugc
chi boi VISA resource name (Bang 2.4).

YISA resource name |'Lf-'b5ﬂ ¥[34 resource name auk
R apc
write buffer -~ | ik " return count

wEE]|

Errar in (no error) == = grrir ok

Hinh 2.22: M6 té chdn cia khoi VISA Write Function

Bang 2.4: Bang md ta chirc ning chin ciia khdi VISA Write Function

Tén chén Chirc nang
VISA resource name Chon thong s6 cong COM
Write buffer Chta dit liéu s& duoc ghi t6i thiét bi
) Théng bao 16i trude khi chirc ning nay hoat dong.
Errorin
Mac dinh 1a No Error.
VISA resource name out La toan b0 gia tri cua VISA resource name
Return count Chtra nhitng byte thuc su dugc ghi ra
Néu 16i ngd vao chtra thong tin 16i trude khi VI chay
Error out

thi 16 ngd ra s& mang thong tin 16i do.

Vi hai khoi hoat dong ¢ trén, chung ta s& dung hai khdi nay cho toan bo cac bai
thi nghiém con lai. Cach khai bao hoan toan giéng nhau.
+ Viét chuong trinh trén nén LabVIEW
Chuong trinh ctia LabVIEW duoc chia 1am 2 phan:
Viét trén Font Panel va Block Diagram
Phan Font Panel 1a phén giao di¢n thuc thi chuong trinh diéu khién, tao cach lénh
diéu khién ddi trong ctia minh, 13 phan Control dé diéu khién canh tay.
- Control 13 cac ddi tugng dat trén Front Panel dé cung cap dir lidu cho chuong
trinh. N6 twong ty nhu dau vao cung cép dir liéu.
- Indicator 1a d6i tuong dugc dat trén Front Panel dung dé hién thi két qua no

tuong tu nhu mot dau vao cia chuong trinh.
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Phan Block Diagram 1a phan so d6 khdi, tao cac khdi chuong trinh 16i dé diéu
khién (Hinh 2.23). Block Diagram 1a phan dé viét thuat giai cho robot, cac phuong
trinh dong hoc nguoc, thuat giai PID cho cac dong co va cach mé phong 3D cho canh
tay robot.

- Terminal: 13 cac cong dir liéu truyén qua giita Block Diagram va Front Panel va
giita cac Node trong Block Diagram. Cac Terminal nam & duéi dang cac Icon ciia cac
Function.

- Node: 14 cac phan tir thyc thi chuong trinh, chung twong tu cic ménh dé, toan tir

ham va cac chuong trinh con trong cac ngdn ngir 14p trinh thong thudng.

- Wises: la cac day noi1 dir liu gitr cac node

S Pl a Y
Dt O

M
et

| 1o
e T L N L

L
1
k
3
£

Hinh 2.23: Chuwong trinh diéu khién Font Panel va Block Diagram
+ Giao dién diéu khién bang may tinh
Céc khéi dugce str dung trong chuong trinh
- Cac ki hi¢u toan hoc: Functions/Express/Arithmetic & Comparsion/ Numeric
(Hinh 2.24)
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{21 Express Mumeric

Add Subtract Multiphy Divide
Increment Decrement Compound ..
Absolute Yal... Round Round To -Inf  Reund To +Inf  Scale By 2°n
Square Rogt Square Megate Reciprocel Sign
&
Num Const Random Mum
¥
m m
+Inf -Inf Machine Eps... Math Consta...

Hinh 2.24: Khéi ky hiéu todn hoc

Céc toan tir so sanh (Hinh 2.25)

4] Express Comparison

B B B B B B

Equal? Not Equal? Greater? Less? Greater Or=?  Less Or=?
Equal To07 NotEqual To... Greater Than.. Less Than07 GreaterOr=.. LessQOr=07
?
L
Select Comparison

Hinh 2.25: Khéi todn tir so sanh

Khéi PID: control design & Simulation / PID (Hinh 2.26)

<21 PID
BID FiD FID EID
B B elE

RUTO = %

PID.vi PID Advance... PID Autotuni.. PID Lead-La...
FID FID PID FID

‘& i Eﬂn ].:",J,‘_i.

PID Setpoint ... PID ControlL.. PID Gain Sch... PID Output R...
PID PID
EH+% Ee2e )

PID EGU to P... PID Percenta...

Hinh 2.26: Khéi PID

Khéi biéu dién db thi: Controls /Grap Indicators (Hinh 2.27).
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<21 Controls 9 Search]

Express L4
TS » oo
Ll
r‘i
Num Ctrls Buttons Text Ctrls
I 4 o/,i‘_lg o g
User Ctrls Num Inds LEDs
b 3
- 1
421 Graph Indicators
TextInds  Graph Indica...

User Controls ' ﬁ iEl
o L

Select a Control...
Chart Graph XY Graph

g

Hinh 2.27: Khéi biéu dién do thi

- Céac ham: Functions/ Programming/Structures (Hinh 2.28)

=1 Structures

(| T

For Loop While Loop  Timed Struct...

<

Case Structure Ewent Struct...

Flat Sequence Stacked Seq... Formula Node
]

Diagram Dis... Conditional ... Feedback No...
[mcer=1=m |

Shared Varia... Local Variable Global Varia...

=™
o

Decorations

Hinh 2.28: Khéi cdc ham

- Céac bién: Controls/Numeric controls (Hinh 2.29)

<31 Controls g Searchl
Express >
;{a‘; F i = ‘
-l <] Numeric Controls
Num Ctrls
T4 ¥z - - e B
m 05 1 051 o o-'
User Ctrls Num Ctrl Fill Slide Pointer Slide Fill Slide Pointer Slide
» [ ]
o o
Text Inds Knob Dial Color Box

Hinh 2.29: Khéi cdc bién

- Pinh dang kiéu dir liéu cho céc bién: Nhip phai chudt vao bién numeric

control/Representation/chon kiéu dit liéu (Hinh 2.30)
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Hinh 2.30: Khéi cac kiéu dir liéu

+ Thudt gidi va code diéu khién

Dua vao mach giao tiép va mach cong suat dé diéu khién dong co da duoc trinh
bay & cac phan trén, ta thiét ké duoc code (Block Diagram) nhu cac hinh sau day.

Yéu cau dit ra 1a tao duogc phuong trinh dong hoc nguoc dé diéu khién canh tay
robot. Dung cac ham toan hoc dé xay dung thuat toan dé diéu khién vi tri cua canh tay.

- Khbi thiét 1ap toa do lam viéc cho canh tay robot

Hinh 2.31 (a): Thiét lap toa do ban dau cho canh tay robot, né co toa do la
0(205,0) v6i cau trac Case Structure.

Hinh 2.31 (b): Thiét 1ap toa do gap cho canh tay robot, nd co toa do 1a A(82,-81)
cling duogc viét trén cdu trac Case Structure.

Hinh 2.31 (c): Thiét 1ap toa do nha cho canh tay robot, né co toa do B(150,82)

cling dugc viét trén cau tric Case Structure.

Hinh 2.37 (a): Khai bdo toa dé ban dau cho canh tay robot

Hinh 2.31 (b): Khai bdo toa dé gdp cho canh tay robot
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Hinh 2.31 (¢): Khai bdo toa dé nha cho canh tay robot

TUDONG  [F[Fase P2

et

TF

Hinh 2.32: Khéi xit Iy cdc toa d ciia cdnh tay robot
- Khdi Case Structure dung cho viéc viét phuong trinh dong hoc ngugc cho robot

(Hinh 2.33) theo cong thirc 2.40 va 2.41 & Chuong 2.

c2={x*xtyry-dird1-dz*dz) (2 d1*dz);
s2=sark{1-(c2%c2));

psi=atanz{sz,c2i*180/pi;
theta=(-atanz(x,y)+atanz (K1, K2)%180/pi;

Hinh 2.33: Khoi xir ly bai toan dong hoc nguoc cho robot
- Khéi Case Structure ding cho viéc viét thuat toan PID cho robot (Hinh 2.34).

a1

=
wisveform Chart

i
Hinh 2.34: Piéu khién vi tri theo thudt toan PID
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- Khdi Case Structure dung cho viéc tao delay (Hinh 2.35)
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Hinh 2.35: Khéi tao delay cho canh tay robot

- Khdi Case Structure dung cho viéc tao khéi mé phong 3D cho robot (Hinh 2.36)

0

o3

s
2
e |
= -
T 1 T =:=
=
s}

Hinh 2.36: Khéi mé phong 3D cho robot
+ Code diéu khién cho vi diéu khién AVR (Hinh 2.37)

Notes  robote Bl
22| [[#rraw e s T T T y

24 finclude <megalé_h>
26 £F Daclara your olobal variables hers

25 E\mid mainivoid)
-/ {

30 || |#/ Declare your lecal variables here

32 FF ImputsOutput Ports initielization

33 FF Port A initielizaetion

34 FF Fuma?=In Funcé=In Fupnef=In Funcd=TIn Fumoi=In Fune?=In Funci=In Fumnc0=In
35 FF State?=T States=T States=I Stated=T Jtatei=T Statel=T Statel=T State0=T
36 PORTA=0x00;

37 DLRA=0x00;

39 F& Port B imnitislization

40 A Fune?=In Funcé=In Funci=In Funcd=In Func’=In Fuwez=In Funel=In Func0=In
41 £F State?=T Stated=T StateS=T Stated=T Siteted=T Stetel=T Statel=T State0=T
4z PORTE=0:00;

43 DDRE=0x00;

45 A Port O imitialization

46 £F Fune?=In Funcé=In Funci=In Funcd=In Fumci=In FuncZ=In Funcl=In Func(=In
a7 S kA kaT=T Skakab=T Skakaf=T Skatad=T Stotali=T Skata?=T Stakal=T Skakal=T

Hinh 2.37: Code diéu khién cho vi diéu khién AVR

2.3. Hoat dong cua canh tay robot
Hoat dong cua robot bam theo 3 truc do 1a x,y,z. DPiém O ¢6 toa dd ban dau 1a

0(205,0), tir vi tri diém O nay ta di dén toa d6 diém A co toa do 1a A(82,-81), d6 1a vi
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tri gdp vat. Tl vi tri A ta di dén vi tri B ¢6 toa do B(150,82) d6 13 vi tri nha vat. Chu
trinh s& 1ap di 1ap lai khi dé & ché tu dong.

AY
B@as0.82)
Vi tri nha vat
X
02050
Vi tri ban dau
0.0 X
- X —p
Min
A(82,-81)
Vi tri gap vt
X
Max
7.

Hinh 2.38: Toa dé hoat dong cuia canh tay robot
MBS hinh c¢6 thé hoat dong & 2 ché do:
e Ché 6 diéu khién bang tay
e Ché d6 diéu khién ty dong
2.3.1.  Ché dp bang tay
Tu may tinh chon cac ché d6 khac nhau dé robot thuc hién cac nhiém vu & phén
NHIEM VU. N6 ¢6 3 ché do d6 1a (Quay ve vi tri ban dau, Di chuyen den vi tri gap
vat, Di chuyen den vi tri nha vat) (Hinh 2.39).
Modul 1: Doc huéng dan sir dung cho canh tay robot
Modul 2: Chon cong USB
Modul 3: TAB diéu khién
Chuong trinh diéu khién cho Font Panel nhu sau:
- CARD PORT: phan chon cong dé két ndi gitta mdy tinh va canh tay robot. Phai
chon hai cong cho Link 1 va Link 2. Link 1: cho khép 1; Link 2: cho khép 2.

Phén giao thirc ndy can phai chon trudce khi lam viée véi robot.
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Hinh 2.39: Giao dién diéu khién robot ¢ ché d bang tay tie mdy tinh
2.3.2.  Ché dp tw dong
Modul 1: Poc huéng dan sir dung cho canh tay robot
Modul 2: Chon cong USB
Modul 3: TAB diéu khién
Chon ntit LAM VIEC sau d6 chon ché d6 TU DONG (Hinh 2.40)
Chuong trinh diéu khién cho Font Panel nhu sau:
- CARD PORT: phan chon cong dé két ndi giita may tinh va canh tay robot. Phai
chon hai cong cho Link 1 va Link 2. Link 1: cho khép 1; Link 2: cho khép 2.

Phan giao thirc nay can phai chon trude khi lam viéc véi robot.

Ee U0 e Dt Dwee leh W ow

37 S Tt e |7 £ L DI

LEB0: OnG090 Ow0001 0015 PAN .

Hinh 2.40: Phan chon cong dé két noi gitka mdy tinh va robot
- TAB DIEU KHIEN: dugc chia lam bdn phan:
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Hinh 2.41: Giao dién diéu khién robot ¢ ché do tw dong tir may tinh
e Nut khoi dong: sau khi chon Card Port, di chuyén sang TAB DIEU KHIEN va
chon nut LAM VIEC dé canh tay robot & vi tri ban dau c6 toa do O (Hinh 2.41, Hinh
2.42).
e Chon céac thong s6 Ki, Kp, Kd
e (Cong tic diéu khién khép tinh tién va tay kep
e Mo phong 3D

Hinh 2.42: Giao dién diéu khién tw dong
Sau day 1a mot s6 hinh anh thyc té khi lam viéc trén mé hinh that (Hinh 2.43,
Hinh 2.44)
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+ Mot s6 hinh anh hoat dong cua canh tay robot ngoai thuyc té:

Hinh 2.43: Vi tri gd'p vat

Hinh 2.44: Vi tri gdp nha vit
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KET LUAN VA KIEN NGHI

Trong qué trinh thuc hién dé tai, tc gia ludn ludn nd lyc va quyét tim lam cho
hoan thién nhat dé tai cia minh. Pé tai d3 dat duoc mot sb yéu cAu nhu sau:
- Piéu khién bang dong co DC servo
- Tuy thiét ké bo diéu khién cho canh tay robot
- Viét giao dién trén nén tang LabVIEW
- C6 mo phong canh tay 3D trén LabVIEW
- Pé tai da tré thanh mo hinh thi nghiém cia trudng Pai hoc Dan lap Hai Phong.
C6 tinh tryc quan cho sinh vién, giang vién dé phu vu cho cong tc giang day.
Tuy nhién, do thoi gian 1am dé tai nay c6 han va kinh phi con qué eo hep nén dé
tai con c6 mot s6 diém han ché sau:
- Ly thuyét vé diéu khién thong minh chua thyc hién duoc
-S4 bac tu do con thép
- MO0 hinh co khi con don gian
Kién nghi
M6 hinh canh tay robot 3 bac tu do dugc tac gia nghién cuu, ché tao, diéu khién
c¢6 thé tmg dung trong san xuat cong nghiép. Trong thoi gian tdi, tac gia cling s& phat
trién dé tai, khic phuc nhitng diém con han ché dé hudng téi phuc vu san xuat khi thoi
gian va kinh phi dbi dao hon.
Vi vay, tac gia rit mong mudn trong thoi gian khong xa s& dugc tiép tuc nghién
ctru sau hon vé robot, cling nhu nghién ctru trién khai tmg dung dé tai nay vao thuc té

san xuat.
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