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LOI MO PAU

1. Tinh cép thiét caa deé tai

Thé gidi hién nay dang trong qua trinh cach mang cong nghiép 4.0, n6
mang dén cho nhan loai co hoi dé thay ddi bd mat cac nén kinh té. Cung
v6i do 1a nhiing hira hen vé cudc ‘doi doi’ cua cac doanh nghi¢p tai Viét
Nam. Ty dong hoa va robot 1a mot xu hudng quan trong ctia trong lai nén
cong nghi€p. Tu dong hoa dem lai mirc @0 chinh xac va nang xuét cao
hon. Cong ngh¢ nay tham chi co6 thé hoat dong tot & mot s6 moi truong
lam viéc khic nhiét khong an toan véi con ngudi. Nganh cong nghiép
robot trén thé giéi hién nay dang phat trién rat manh mé& voi rat nhiéu hang
san xuat robot cong nghiép khac nhau. C6 rat nhiéu qubc gia trén thé gidi
nghién cu vé linh vuc nay nhu 1a : Nhat Ban, My, Uc, Nga... Va cac két
qua dat dugc khién con nguoi khong phai khéng ngac nhién. Cac san
pham 13 robot cong nghiép dugc tng dung hét strc rong rai trén nhiéu linh
vuc khac nhau, robot ciing dugc tng dung trong cac méi truong rat da
dang nhu trong cong xuong, ngoai vii try, dudi bién hay tham chi la trong
cac duong 6ng nude thai. Muc dich dé phuc vu san xuét, tham chi phuc vu
nhu cau giai tri cling nhu cham séc con ngudi. Hién nay tai nudc ta cac
doanh nghiép va cac truong dai hoc dang rat quan tam dén céac cudc thi
cong nghé nhu Sang tao robot Viét nam-Robocon, robottics qudc té ... .
Trén thi truong cling cé nhiéu mé hinh robot phuc vu hoc tap va nghién
ctru voi gia thanh hop 1y. Vi su phét trién manh mé vé céng nghiép may
tinh va cach mang cong nghiép 4.0 trén thé gidi cling nhu & nude ta. Cong
nghiép tu dong héa va robot ciing phat trién nd ro di kém theo d6 1a nhu
cau vé nguodn lao dong co trinh do cd thé lam chu dugce cong nghé. Do vy

em chon dé tai ‘xay dung mo hinh canh tay robot 5 bac tu do gip va phan



loai san pham’, dé nghién ctru tim hiéu vé nguyén 1y hoat dong ctia robot
va van dung cac kién thtrc d3 hoc.
2.Muc dich ciia d@ tai

Thyc nghiém trén mo6 hinh canh tay robot 5 bac tu do qua d6 nghién ctru
téng quan vé canh tay robot tim hiéu vé ciu tao, nguyén 1y hoat dong ciia
robot. Tim hiéu cdu tao, nguyén 1y va ung dung cta Arduino sir dung dé
diéu khién canh tay robot.

Van dung céc kién thirc ¢4 hoc va tim hiéu x4y dung mé hinh canh tay
robot c6 thé hoat dong va 1ap trinh duoc.
3.P0i twong va pham vi nghién ctru

D61 tuong nghién ctru ctiia dé tai 1a mo hinh canh tay robot 5 bac tu do
str dung mach Arduino dé diéu khién. Nghién ctru tong quan vé céu tao
nguyén 1y hoat dong cta canh tay robot va mach diéu khién. Van dung
kién thirc dé van hanh va 1ap trinh diéu khién canh tay robot.
4.Phwong phap nghién ciru khoa hoc

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

Nghién ctru vé phuong trinh dong hoc nguoc cta robot

Nghién ctru va ing dung cic phan gia cong co khi dé ché tao canh tay
robot.

Nghién ctru va ing dung mach Arduino dé diéu khién canh tay robot.

5.Y nghia khoa hoc va thuc tién cia d@ tai
Két qua nghién ctru cua dé tai c6 thé dugc tng dung xiy dung canh tay

robot tir dong gap va phan loai san pham duwa theo mau sac, dua theo hinh
dang, hay chia san pham tir trén bang truyén xép vao thung/khay. Ngoai ra
canh tay may con c6 thé (mg dung vao han, cit hay chi don gian 13 ning
vat ndng.

Mo hinh két qua cua dé tai co thé 1am thiét b thi nghiém thyuc hanh t6t
va truc quan cho sinh vién chuyén nganh Dién tu dong cong nghiép.
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CHUONG 1.
TONG QUAN VE ROBOT

1.1. SO LUQC VE QUA TRINH PHAT TRIEN ROBOT

e Nhu cau nang cao ning suat va chat luong san pham ngay cang doi hoi
tmg dung réng rii cic phuong tién ty déng hoa san xuét. Xu hudng tao ra cac
day chuyén vé thiét bi tur dong co tinh linh hoat cao dang hinh thanh. Cac thiét
bi nay dang thay thé dan cic may tu déng ‘ctng’ chi dap tmg mot viéc nhat
dinh trong khi thi truong ludn doi hoéi thay d6i mat hang vé chung loai, vé
kich ¢c& va vé tinh ning..v..v. Vi thé ngdy cang ting nhanh nhu cau tng dyng
robot dé tao ra cac hé théng san xudt tu dong linh hoat.

e Thuit ngit ‘robot’ 1an dau tién xudt hién nim 1922 trong tac pham
‘Rossm’s Universal Robot’ ctia Karel Capek. Theo tiéng Séc thi robot 13
ngudi 1am tap dich. Trong tac pham nay nhan vat Rossum 13 con trai cia 6ng
d4 tao ra nhimg chiéc may gan giéng nhu con ngudi dé hau ha con nguoi.

e Hon 20 nim sau, u6c mo vién tudéng cia Karel Capek bat dau hién
thuc. Ngay sau chién tranh thé gid 1an thi 2, & Hoa Ky di xuat hién nhiing tay
may chép hinh diéu khién tir xa trong cac phong thi nghiém vé vat liéu phong
Xa.

e Vio cudi nhitng ndm 50, bén canh nhimg tay may chép hinh co khi d6 ,
d4 xuat hién nhimg loai tay may chép hinh thly luc va dién tir, nhu tay may
Minitaur I hodc tay mdy Handyman cia Genaral Electric. Nam 1954 George
C. Devol da thiét ké 1 thiét vi co tén 1a ‘co cau ban 18’ dung dé chuyén hang
theo chuwong trinh’. Pén nim 1956 Devol cing v&i Goseph F. Engelber, mot
k¥ su tré cua cong nghiép hang khéng, da tao ra loai robot cong nghiép dau
tién ndm 1559 & cong ty Unimation. Chi dén nim 1975 cong ty Unimation d3

bat dau c6 lgi nhuan tir sdn pham robot dau tién nay.



e Chiéc robot cong nghiép duoc dua vao tng dung dau tién, nam 1961, ¢
mot nha may 6 t6 cia General Motors tai Trenton, New Jersey Hoa Ky.

e Niam 1967, Nhat Ban mé&i nhap chiéc robot céng nghiép dau tién tur
cong ty AMF. Bén nim 1990 c6 hon 40 cong ty Nhat Ban, trong d6 c6 nhiing
cong ty khong 16 nhu cong ty Hatachi va cong ty Mitsubisi,da dua ra thi
truong qudc té nhiéu loai robot ndi tiéng.

e Tu nhitng nam 70 viéc nghién clru nang cao tinh nang cua robot da chu
nhiéu dén su lép dat thém cac cam bién ngoai tin hi¢u dé nhan biét méi truong
lam viéc. tai truong dai hoc téng hop Ford ngudi ta da tao loai robot 151p rap tu
dong diéu khién bang may tinh trén co sé st 1y thong tin tir cic cam bién luc
va thi gidc. Vao thoi gian nay Cong ty IBM d3 ché tao loai robot c6 nhiing
loai cam bién xtic gidc va cam bién bién luc, diéu khién bang may tinh dé lap
rap cac may in gdbm 20 cum chi tiét.

e Vao giai doan nay ¢ nhiéu nudc khac ciing tién hanh cic cong trinh
nghién ctru tuong tu, tao ra céc loai robot diéu khién béng may vi tinh, co 1ép
dit cac thiét bi cam bién va thiét bi ngoai tiép ngudi- may.

e Mot linh vuc ma nhiéu phong thi nghiém quan tam 13 viéc ché tao robot
tur hanh. Céc cong trinh nghién ciru tao ra robot tu hanh theo hudng bat chudc
chan nguoi va stc vat. Cac robot nay con chua cé nhiéu ing dung trong cong
nghi¢p tuy nhién cac loai xe robot(robocar) lai nhanh chong duge dua vao
hoat d6ng trong cac hé thong san xuat tu dong linh hoat.

e Tir nhitng nam 80, nhit 13 vao nhitng nim 90, do ap dung rong rii cac
tién bod ky thuat veé vi xir Iy va cong nghé¢ thong tin, s6 luong robot cong
nghiép di gia tang, gia thanh giam di 1 rét, tinh ning di c6 nhiéu budc tién
vuot bac. Nho vay robot cong nghi¢p da co vi tri quan trong trong cac day

chuyén san xuat hién dai.



e Ngay nay chuyén nganh khoa hoc vé robot ‘robotics’ d3 tré thanh 1
linh vuc rong trong khoa hoc, bao gém cc van dé cau tric co ban dong hoc,
1ap trinh qu¥ dao, cam bién tin hiéu, diéu khién chuyén dong..v..

e Robot cong nghiép duoc hiéu 13 nhimng thiét bj ty déng linh hoat, bat
chuée duoce cac chic ning lao doéng cong nghiép ciia con ngudi. Noi dén thiét
bi tu dong linh hoat 1a noi dén kha nang thao tac voi nhiéu bac tu do, duoc
diéu khién trg déng va 1ap trinh thay d6i duoc. con néi dén sy bat chudc cac
chtic ning lao dong cong nghiép ciia con ngudi 1a ¢ ¥ nodi dén sy khong han
ché tir cac chtic ning lao dong chan tay don gian dén tri khon nhén tao, tiy
theo loai hinh cong viéc lao dong can dén chtrc ning d6 hay ko. Pong thoi

cling n61 dén murc d¢ can thiét bat chudc duge nhu con nguoi hay khong.

1.2. NHUNG UNG DUNG PIEN HINH CUA ROBOT.

o Ung dung trong cong nghiép.

- Lép dat vat liéu, han diém va phun son.

- Phuc vu may cong cy, lam khuon trong cong nghiép dd nhua,..v..v.

e Ung dung robot trong phong thi nghiém

- Dung dé thuc hién cac cong viéc thu cong, thuc hién cac cong vigc lap

di lap lai.

e Ung dung robot trong thao tac can khuyéch dai luc.

- Dung trong nhiing khu vuc nguy hiém ( nhiém xa..v..v...)

- Dung boc d& hang hoa, vat li€u, phoi co trong luong 16n céng kénh
trong cac nganh cong nghi¢p nang...

e Ung dung robot trong ndng nghiép.

- Robot cat long ctru, md xé thit heo... trong linh vyc niy robot dam
nhiém ngya ca cac cong viéc mang tinh 1dp lai, nhiéu thao tac doi hoi su phdi
hop tay nghé cao va sy lanh loi ctia d6i mét.

e Ung dung robot trong khong gian.



- Tay may dugc ché tao nhim ting cuong kha nang boc dd hang hoa tiép
té, 1ap ghép véi cac tram khong gian khac.
- Céc xe tu hanh trang bi tay may linh hoat, cac robot cong dung chung
trong cac tram khong gian, bao tri v¢ tinh, xay dung trong khong gian....
e Ung dung robot trong tau lan.
- Phat trién cac tau lan khong nguoi l4i trong cong tac kiém tra, do tim,
tham hiém dudi dai duong.
e Ung dung r6 bt trong gido duc
- Robot dugc stir dung la phuong tién giang day trong cac chuong trinh
gido duc
- Robot duoc str dung két hop véi ngdn ngit LOGO dé giang day va nhan
thirc may tinh.
- Tao ra phong hoc robot
e Ung dung robot trong hd tro nguoi tan tat.
- Thong qua xung ndo dé diéu khién cac tay mdy lam nhiing thao tac
mong mudn, nhitng bo phan thay thé trén co thé.
e Ung dung robot trong sinh hoat va giai tri
- Céc loai d6 choi tré em. Robot thong minh sir dung trong nha va vin

phong...

1.3. MQT SO PINH NGHiA VE ROBOT.

- Vién nghién ctru M§: robot 13 mot tay may nhiéu chirc ning, thay doi
duoc chuong trinh hoat dong, dugc dung dé di chuyén vat liéu, chi tiét may
dung cu hodc dung cho nhiing cong vi¢c dic biét thong qua nhiing chuyén
dong khac nhau da duoc lap trinh nham muc dich hoan thanh nhiing nhiém vu
da dang.

- Theo Groover: robot cong nghiép 1a nhiing, thiét bi tong hop hoat dong

theo chuong trinh c6 nhimng dic diém nhat dinh tuong tu nhu con ngudi



- Theo céac nha nghién ctru thudc truong phai SEV trude day; ROBOT
cong nghiép 1a nhitng may hoat dong tu dong duoc diéu khién theo chuong
trinh dé thyc hién viéc thay ddi vi tri ctia nhitng ddi tuong thao tac khac nhau
v&i muc dich tu dong hda cac qua trinh san XUuAt.

- Theo chuan ASNOR cua Phap: robot 1a mot co ciu chuyén doi tu dong
c6 thé chuong trinh hoa, 1ip lai cac chuong trinh, tong hop cic chuong trinh
dat ra trén céc truc toa do co kha nang dinh vi, di chuyén cac ddi tuong vat
chat, chi tiét, dao cy, gé lap...theo nhitng hanh trinh thay d6i da chuong trinh
héa nham thuc hién cac nhiém vu cong nghiép khac nhau.

- Theo tiéu chuan VDI 2860/BRD: robot 13 mét thiét bi c6 nhiéu truc
thuc hién cac chuyén dong c6 thé chuong trinh hoa va ndi ghép cac chuyén
dong cia chiing trong nhiing khoang cach tuyén tinh hay phi tuyén cua dong
trinh. Chang dugc diéu khién béi cac bd phan hop nhat ghép két ndi v6i nhau,
c6 kha nang hoc va nhé cac chuong trinh, ching dugc trang bi dung cu hoéc
cac phuong tién cong nghé khac dé thuc hién cac nhiém vu san xudt truc tiép
hay gian tiép.

- Theo tiéu chuan GHOST-1980: robot 1a may tu dong lién két gitra mot
tay mdy va mot cum diéu khién chuong trinh héa, thuc hién mot chu trinh
cong nghé mot cach chu dong voi su dicu khién c6 thé thay thé nhimg chirc
ning tuong tu cua con ngudi. v6i su diéu khién cé thé thay thé nhitng chirc
nang tuong ty cua con nguoi.

- Bén canh khéi ni¢m robot con c6 khai ni€m robotic, khai ni€ém nay cé
thé hiéu nhu sau: robotics 1a mot nganh khoa hoc ¢6 nhiém vu nghién ctru vé
thiét ké, ché tao cac robot va tmg dung chung trong céc linh vyc hoat dong
khac nhau ctua xa hoi loai ngudi nhu nghién ctru khoa hoc- k¥ thuat, kinh té,
quéc phong va dan sinh. Robotics 1a mot khoa hoc lién nganh gém co khi
dién tir k¥ thuat diéu khién va cong nghé thong tin. N6 1a san pham dic thu

cua nganh co di¢n tor (Mechatronics)....



- Robot cong nghiép théa méan 5 yéu to sau:

+ C6 kha ning thay doi chuyén dong

+ C6 kha nang cam nhan dugc doi tuong thao tac

+ C6 s bac chuyén déng cao

+ C6 kha nang thich nghi vé1 moi truong hoat dong

+ C6 kha ning hoat dong tuong hd vai ddi tugng bén ngoai
- Dicdiem

+ C6 kha nang thay doi chuyén dong

+ ¢6 kha nang xtr Iy thong tin ( biét suy nghi)

+ C¢ tinh van nang

+ C6 nhitng ddc diém ctia ngudi may
1.4. PHAN LOAI ROBOT.

1.4.1. Phan loai robot theo dang hinh hoc cia khong gian hoat dong.
e (Céc loai khédp co ban dung trong robot

Bdng 1.1. Cac loai khop co ban dung trong robot

ST | Tén Khép Ki Hiéu | Lugec Do Két Cau Bac tu
T do twong
doi
1 Khép cau S 3
O
2 Khép muwor | T — 1
P e — R
4+
3 Khép quay | R 1

(oS}

T | Khop tu C o o

5 Khép ren H = 2




Robot toa do vudng goc:

Co 3 bac chuyén dong tinh tién doc theo ba truc vuong goc

RECTILINEAR or COORDINATE (X, Y & Z) ROBOT
X - Horizontal, left and right motions
Y - Vertical, up and down motions
Z - Horizontal, forward and
backward motions
Hinh 1.1. Robot toa d§ vudng goc
Robot toa do tru:

C6 3 bac chuyén dong co ban gom 2 chuyén dong tinh tién va 1 truc quay



CYLINDRICAL ROBOT

X - Horizontal rotation of 360°, left and right motions

Y - Vertical, up and down motions
Z - Horizontal, forward and backward

motions
Hinh 1.2. Robot toa do tru

Robot toa dd ciu

C6 1 truc tinh tién va hai truc quay
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SPHERICAL ROBOT
X - Horizontal rotation of 360°, left and right motions
Y - Vertical rotation of 270°, up and down motions
Z - Horizontal, forward and backward motions
Hinh 1.3. Robot toa do cau
Robot khép ban 1é :

Co 3 tryc quay

ARTICULATED ROBOT

X - Horizontal rotation of 360°, left and right
motions

11



Y - Vertical rotation of 270°, up and down motions
Z - Horizontal & vertical rotation of 90° to 180°, forward and
backward motions
Hinh 1.4. Robot khép ban 18

1.4.2. Phan loai robot theo thé hé.
e Robot thé hé thir nhat: bao gém cac dang robot hoat dong lap lai theo

mdt chu trinh khong thay di, theo chuong trinh dinh trudc.

- Pic diém:
+ str dung t6 hop co cAu cam v6i cong tic hanh trinh
+ Piéu khién vong ho
+ Str dung phd bién trong cong viéc lap- dat

e Robot thé hé thu 2: robot voi diéu khién theo chwong trinh nhung cé
thé ty diéu chinh hoat dong thich tmg véi nhitng thay d6i cia méi trudng thao
tac (duoc trang bi cam bién cho phép cung cip tin hiéu phan hoi lai hé thong
diéu khién )

- Pic diém:
+ Piéu khién vong kin cac chuyén dong cua tay mdy
+ ¢6 thé lua chon chuong trinh dya trén tin hi¢u phan hoi tir cam bién
+ hoat dong cua robot co thé lap trinh duoc

e Robot thé hé thi 3: robot dugc trang bi nhiing thuat toan xir Iy cac
pham xa logic thich nghi theo nhiing thong tin va tdc dong ciia moi trudng 1én
ching, duogc trang bi hé théng thu nhan hinh anh trong diéu khién

- Pic diém:
+ ¢ dic diém nhu loai trén
+ ¢6 kha ning nhan dang ¢ mirc do thap

e Robot thé hé thr 4: robot sir dung cac thuat toan 1a co ché diéu khién

thich nghi dugc trang bi kha nang Iya chon cac dap Uing tuan theo mot mod

12



hinh tinh todn x4c dinh trudc c6 tmg xir phi hop voi diéu kién cia moi trudng
thao tac

- Pic diém:
+ C6 dic diém tuong tu 2 loai trén, c6 kha nang tu dong lya chon chuong
trinh hoat dong va lap trinh lai cac hoat dong dua trén cac tin hi¢u thu nhén tur
cam bién.
+ B0 diéu khién phai c6 bo nhé twong ddi 16n

- Robot thé hé thu 5: 1a tap hop céc robot tri tu¢ nhan tao.

- Pic diém:
+ Pugc trang bi cac ky thudt cua tri tué¢ nhan tao dé ra quyét dinh va giai
quyét cc van dé va nhiém vu dit ra cho nd
+ Pugc trang bi mang Neuron c¢é kha nang tu hoc.
+ Pugc trang bj cac thuat toan Neuron suzzy/suzzy logic dé tu suy nghi va ra
quyét dinh cho cac Gng xir

1.4.3. Phin loai robot theo h¢ diéu khién.

- Robot gip dat: thuong sir dung ngudn dan dong khi nén, bd diéu khién
pho bién 13 bo diéu khién 1ap trinh ( PLC) thyc hién diéu khién vong hé

- Robot dan duong lién tyc: st dung bd diéu khién secvor thuc hién diéu
khién vong kin. H¢ théng diéu khién lién tuc 13 hé théng trong do robot dugc

laoaj trinh theo mot duong chinh xac

1.4.4. Phan loai robot theo ngudn din dong
- Robot ding ngudn cép dién DC, AC. Robot loai nay c6 thiét ké gon,

chay ém, dinh vi rat chinh xac.

- Robot ding ngudn khi nén: hé thdng can dugc trng bi may nén, binh
chtra khi va dong co kéo trén may nén. Robot loai nay dung trong céc thao tac
lap dat khong can d6 chinh xac cao.

- Robot dung ngudn thuy luc : sit dung dau thiy lwc. Robot loai nay

dung trong ing dung cé trong tai lon

13



- Bang phan loai robot

Bdng 1.2. Phan loai robot

Dau hiéu phan loai

Tén goi clia tay may

Theo s6 bac chuyén dong

C6 2, 3 hodc nhiéu hon & dang:

khong di chuyén, tu di chuyén

Theo s6 luong tay may

1, 2 hodc nhiéu tay may

Theo tai trong nang cua tay may

Siéu nhe
Loai nhe
Loai chung
Loai nang

Loai siéu nang

Theo nguon dan dong cua co cau

chap hanh

Khi nén
Thuy luc
Co dién

Hodn hop

Theo hé thdng diéu khién, theo

nguyén 1y diéu khién

V61 di€u khién chuong trinh:

Theo chu ky

Theo vi tri

Theo chu vi

Hon hop

Vi diéu khién theo cam nhan:
Piéu khién khong thich nghi
Piéu khién thich nghi

Theo s6 robot dugc di€éu khién

ddng thoi

bicu khién riéng ré

Diéu khién theo nhom

Theo do chinh xac

Cac muc chinh xac: 0;1;2;3
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Theo kiéu bao hiém - Kijéu thong thuong
- Kiéu phong bui

- Kiéu phong nhiét

- Kiéu phong nd

1.5. CAU TAO CHUNG CUA ROBOT CONG NGHIEP.

1.5.1. Céc thanh phén co ban.
Cac thanh phéan co ban ctia canh tay robot bao gdm:
+Tay may: La cac co cdu co khi bao gdm khung xuong ctia toan bd canh
tay robot va cac dong co thyc thi nhi¢ém vu. Thanh phﬁn nay chiu trach nhiém

lam viéc chinh.

+ Nguon cung cap: Nguon cung cap co thé 1a dién, thuy luc, khi nén cung
cap cho co cau lam viéc.

+ B0 di€u khién: BS diéu khién c6 nhiém vu di€u khién moi qua trinh hoat

dong cia canh tay may.

Giao tiép ngd vao:
Con ngudsi

Nguén cung cip

B0 diéu khién

Giao ti€p ngd ra:
Qua trinh ty ddng duge
thyc hign

CAm bié&n

Hinh 1.5. So d6 khéi ciu tao robot.
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1.5.2. Tay may.
- Tay May: (Manipulator) 13 co ciu co khi gdm céc khau, khop. Ching

hinh thanh canh tay(arm) dé tao cic chuyén dong co ban, Co tay (Wrist) tao
nén sy khéo 1éo, linh hoat va ban tay (Hand) hodc phan cong tac (End

Effector) dé tryc tiép hoan thanh cac thao tac trén dbi tuong.

$

Ket cau tay may

Hinh 1.6. Két cau tay may
e. Bac tu do ciia tay may
- Bac tu do cua tay may la s0 kha nang chuyén dong doc 1ap cua no trong

khong gian hoat dong

wW=6n— Z L.p;

- Dé nang cao d¢ linh hoat cc tay may phai c6 sé bac chuyén dong cao,
tuy nhién khong nén qua 6. Sau bac chuyén dong thuong gdom 3 bac chuyén
doéng co ban(chuyén dong dinh vi ) va 3 bac chuyén dong bd xung (chuyén
dong dinh hudng).

Chuyén dong co ban thuong 1a chuyén dong tinh tién hodc chuyén
dong quay, mdi bac chuyén dong c6 ngudn din dong riéng
Chuyén dong bo xung: thudng 1a cic chuyén dong quay nham ting kha

nang linh hoat

16
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Hinh 1.7. M0 ta bac canh tay may
vi du: w=6.4-(3.5+1.5)=4

b. Tay may toa d¢ vuong géc
- Uu diém:
< Khong gian lam viéc 16n
< HT diéu khién don gian
% Danh dién tich san 16n cho cong viéc khac
- Nhuoc diém:
% Viéc thay d6i khong thich hop vé khong gian
% Duy tri co cdu din dong va thiét bi diéu khién gip nhiéu khé khin
c. Tay may toa do tru
- Uu diém:
% Co kha ning CP ngang va sdu vio cdc may san xut
% Cau trac theo chiéu doc dé lai nhiéu khoang tréng cho san
% Két cdu viing chic, c6 kha nang mang tai 1on
% Kha nang lap lai tot
- Nhuoc diém:
% Gidi han tién phia trai va phia phai
d. Tay may toa dd ciu
- Do clng viing cia loai tay may nay thap hon hai loai trén va do chinh
xac dinh vi phu thudc vao tim véi.

e. Tay may toan khép ban 1& va SCARA
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- Tay may toan khép ban 1& c6 ca ba khép déu 1a khép quay, trong do
tryc thir nhit vuéng goc véi hai truc kia. Do su tuong ty voi tay ngudi, khép
thir hai duoc goi 1a khdp vai, khdp tha ba goi 1a khép khuyu ndi cang tay véi
khuyu tay. Vé6i két cau nay khong cé su twong Gmg giira kha ning chuyén
dong cua cac khau va s6 bac tu do. Tay may lam vi¢c rat khéo 1éo, nhung dd
chinh x4c dinh vi phu thudc vi tri ciia phén cong tac trong vung lam viéc.

- Tay may Scara dugc dé xuat dung cho cong viéc lap rap. P6 1a mot
kiéu tay may c6 cdu tao dic biét, gom hai khop quay va mot khép truot,
nhung ca ba khdp déu co truc song song véi nhau. Két cdu nay 1am tay may
cting vitng hon theo phuong thang ding nhung kém ctng viing theo phuong
dugc chon 1a phuong ngang. Loai ndy chuyén dung cho cong viéce lap rap véi
tdii trong nho theo phwong dung. Tu Scara 1a viét tit cta “selective
compliance assembly robot arm” dé mod ta cac dic diém trén. Vung lam viéc

ctua Scara 1a mot phan cua hinh try rong.

1.5.3. Co tay may
Co tay may thuong c6 ba bac ty do 1a 3 chuyén dong dinh huéng dang 3

chuyén dong quay quanh 3 truc vudéng goéc gom:
% Chuyén dong xoay co tay(Roll)
% Chuyén dong gap co tay (Pitch)
% Chuyén dong lic c6 tay (Yaw)

g. Ché d9 hoat dong cinia Robot

- Ché d6 huan luyén:

- Ché db tu dong:

1.5.4. Bp diéu khién Robot.

- B0 diéu khién robot bao gom bd xur 1y trung tam, bd nhd va bo xuat
nhap két hop véi man hinh hién thi dugc chia thanh timg médun gdm cac bo
mach dién tir. Ngoai ra con co thé c6 bo teach pendant didu khién truc tiép

robot trong ché do huan luyén va bo diéu khién mo phong hd trg cho cong

18



viéc lap trinh

Bus 90 Wy

Thift bi xut nhdp

Bus dachl |

Bus difu khifn

Hinh 1.8. B6 diéu khién robot theo céu trac PC-based

— Card mdn hinh
Pa -nen oy EROM
i Cac o
30 450 e Sy chon
B0 glao 1ip vision
M B0 Wy chon
~ian
B0 iy ann tne
—— 1 BO xir Iy
May tioh oM I
I A\
Dén cac 90ng o
Sy wrdin trc
A

cic il
ol 8000 1o nlindo I_., < phoogor

A. Céc thanh phin hé trg

Bo c&p ngedn DC 5_._’ Dén csc bo Whde

Dén cic mach
00w KhaC
Te nguiin 3 pha
—ge{  Bo cp nguin AC
nhd mdy Odn cic dng o
Odu khifa tne

B. Mach cfp ngoln

Hinh 1.9. Cac thanh phan dy du ctia mot bo diéu khién robot
a. Bo xir ly trung tam
- Trung tdm cta bo diéu khién 1a CPU chiju trach nhiém quan 1y thong tin

vé bo nhé, quan 1y xudt nhap, xtr Iy thong tin tinh toan va diéu khién timg truc
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cua robot tir d6 thuc hién cac thuat toan diéu khién va dua ra cac tin hiéu diéu
khién cho bd phan chuyén doi tin hiéu.

- Céc trudng hop cu thé:

R/
L X4

Dung nguyén mét may tinh nhé

X/
°e

Dung cac médun mach may tinh da c6 san

R/
A X4

Str dung bg vi xtr Iy 8 hodc 16 bit lam nén tang cho mot CPU

X/
°e

Str dung mot may tinh riéng giao tiép v4i bd diéu khién cua robot

*

Dung hé théng mang cua cac bg vi xu 1y 8 hay 16 bit lién két lai v6i nhau

0

bang phan ctmg va phan mém dé thyc hién cong viéc ctia CPU.

b. B nhé

- B0 nhé dung dé luu giit nhitng chuong trinh va thong tin phan hoi tir
moi trudong thao tac.

Bdng 1.3. BO nho
Pia chi ING1 dung b nhd Loai b5

$FFFFF| Chuwong trinh quin I¥ wao/ra (trao dai diy liéw woi
thidt bi wao/ra)
Chirong trinh digu khifn servo (mac dmh i i,

win tic, momen ciia phin chip hanh)

Churong trinh quan Iy chuyén ding (cung cdp | RO
setpoints cho cac chwong trinh diéy khién, toa dd
cho cac e dé didu khifn theo qui dao lén tuc)

Chirong trinh digu hanh hé thding (dich wa thi
hanh chirong trinh cha nguwdd ding)

Cac chwong trinh ng dung (dich w4 thi hinh
chorang trinh ca ngrd dong)

Cac chuwong tiinh cia ngrd ding
Cu¥ dao dwoc day theo kiéu Teach-in

(3ia tri cac bicn hign thit

Cac thing =4 diéy khifn dwoc thidt 45t

Danh riéng cho computer

400000 Thift bi vao / ra (ding cho mdt 56 may tinh nhw| Phin
i rihd) g
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c. Bo xuit nhap

- B0 xuét nhap dung dé dua chuong trinh vao bo xtr Iy va kiém tra, theo
doi hoat dong trong qua trinh thao tac.

- Céau hinh bo xuét nhip thudng bao gém ban phim, man hinh, cic bo
mach dugc bb tri cac cong giao tiép xuat nhap dang ndi tiép hoic song song
va pa-nen diéu khién ciing duoc xem 1a mot phan cua b xuit nhap.

d. Cac loai b6 diéu khién

e B0 diéu khién robot trong hé théng ho.

- Diéu khién vong hd (open-loop) hay con goi 12 hé théng diéu khién
khong c6 phan hoi (non-servo system). Diéu khién ho, dung truyén dong budc
( dong co dién hodc dong co thuy luc, khi nén,..) ma quang duong hodc goc
dich chuyén ty 1& voi sd xung diéu khién. Kiéu nay don gian, nhung dat do
chinh xac thép.

- Robot hoat dong theo h¢ théng h¢ khong nhan biét dugc vi tri khi nd
dich chuyén tir diém nay sang diém khac. Trén mdi truc chuyén dong thuong
c6 diém dimg & mot vai vi tri xac dinh dé kiém tra d6 chinh xac dich chuyén.

- Bo diéu khién thudng gdm céac co cau co khi dung thiét 14p vi tri chinh
xac va cac thiét bi bén ngoai xur 1y va truyén dan tin hiéu cho cac co ciu tac
dong dam bao cho viéc tuan tu cac dich chuyén. Bao gém:

% Cit chan han ché hanh trinh ¢6 dinh.

¢ Cit chan han ché hanh trinh ¢6 thé diéu chinh vi tri.
% Cong tac han ché hanh trinh.

% Pong co budc cd goe quay tiy vao sd xung cap.

% Thiét bj dam béo su tuan tu cta robot

< B0 lap trinh tréng.

Logic khi nén va céac phan tir logic khi nén
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- DO Wu v trl 1ilp theo:
- VA trf 0dc ybu o
- 89 0%

Hinh 1.10. So d6 khéi ciia mot hé thong ho

Diby khifn Workcent
Knd 120 chw &y
Thix ifm tra thallt B ngogil vi

Aobat Kh! nee
Co ofu te ddog Van k8 MO Cun it
80 oy khifn
Mo ten
M3 dun nhdp
Thilt b Yo
traon

Hinh 1.11. So d6 khéi hé théng diéu khién kiéu vong hd két hop
v6i cac cong tic hanh trinh
e B diéu khién robot trong hé thong diéu khién kin.
- Piéu khién vong kin (closed-loop) hay con goi 13 diéu khién c6 phan
hoi theo co ché servo (servo system). Diéu khién kin (diéu khién kiéu servo ),
str dung tin hiéu phan héi vi tri dé ting do chinh xac diéu khién. Co 2 kiéu
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diéu khién servo: diéu khién diém - diém va diéu khién theo dudng (contour).
- Vi kiéu diéu khién diém - diém, phan cong tac dich chuyén tir diém
nay dén diém kia theo dudng thing véi tbe do khong cao (khong lam viée ).
N6 chi lam viée tai cac diém dung. Kiéu diéu khién nay duoc dung trén céc
robot han diém, vin chuyén, tan dinh, ban dinh, ...
- Piéu khién contour dam bao cho phan cong tac dich chuyén theo quy
dao bat ky, voi toe do co thé diéu khién duge. C6 thé gap kiéu diéu khién nay

trén cac robot han hd quang, phun son.

1.5.5. Nguén dan déng.
a. Truyén dong thuy luc

- Uu diém:

X/
°e

Luc nang l6n
% Tbc do chay ém
% €0 thé khoa cung khép tai vi tri xac dinh (khong nén dugc)
% Sir dung cho PK Servo rat t6t
< Tu boi tron va lam mat
% Hoat dong c6 thé dimg qua tai khong lam hu hong HT
< Dap tng nhanh
% An toan ¢ ap suat chay nd
% Tac dong ém ¢ tdc do thép
- Han ché:
% Chi phi cao
% Khong thich hop cho co cdu quay véi toc d6 nhanh
% Can c6 duong hoi dau
* Kich thudc 16n do ap suat va tdc d6 dau cao

< Nguodn dan khong phd bién

>

% Chi phi ché tao va bdo tri cao (ro ri...)

b. Truyén dong khi nén
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°

>

o
2

7/
*

0

X/
°e

R/
L X4

- Uu diém:

Giéa thanh khong cao

Khi thai khong gdy nhiém moéi truong

Ngudn dan khi nén pho bién trong céng nghiép
Phu hop dang Modul

Co cau tac dong co thé dimg ma khong hu hong

- Nhuoc diém:

Gi6i han sy diéu khién va do chinh xac

Gay on

Gay tré ngai cho HT khi bi 1o ri

Khé diéu chinh toc do

Phai st dung bo loc

c. Truyén déng dién co

- Uu diém:

Tac dong nhanh va chinh xéc

Ap dung dugc KTDK phiic tap

Gi4 thanh khong cao

Thoi gian trién khai HT méi nhanh

Mo men quay cao, trong lugng giam va dap ung nhanh
- Nhuoc diém:

Ban chat da 1a tc d6 cao

Khe h¢ banh rang lam gidm d¢ chinh xéc

Gay qua nhiét khi qua tai

Can sir dung phanh dé ghim vi tri va khéop

e (Cac loai dong co:

Bbdng co buoc
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Pong co bude sir dung trong dicu khién vong ha, khong can trang bi
cam bién dé phan hoi vé vi tri va van tdc vi mdi xung tac dong da duogc thiét
ké va kiém soat dé rotor cau dong co budc quay mot goc xac dinh.

Néu mé men cau dong co budc khong du thing phu tai hoic quan tinh
cua phu tai, dong co s€ khong lam viéc du da nhan dugc xung diéu khién.

DPong co budc nam cham vinh ctru: roto la nam cham vinh citru, stato la
cudn day. Vung tu truong dugc tao ra bﬁng cach cép dién cho cuon stato, tir
truong thay doi dugc bang cach kich hoat theo trinh tu hodc kich timg budc
cudn stato
<+ DPong co DC

bong co DC tao mdémen ty 1€ voi cuong d§ dong dién nhan duogc tur
ngudn cip. Cac dong co DC truyén théng c6 roto nhe dé gia tbc nhanh nhung
han ché 1a khong chiu dugc dong cao. Vi viy nén st dung cac dong co tac
d6ng nhanh voi phan tmg nhe va str dung hop giam toc o ti sb truyén hop 1y
dé can bang t6i wu gitta mémen va gia toc.
< Pong co AC

Puoc sir dung trén HT ¢ cong suat nho. La dong co AC c¢6 cam ung
thuan nghich. GOm roto cam ung va 2 cudn day tao tur truong dat 1éch 90 do.
Mot cudn tao ra tir truong chuén cd dinh. Mot cudn tao tir truong diéu khién
d. truyén déng hén hop

- Két hop nhitng vu diém cia cac truyén dong khac dé tao ra Robot ¢ do

chinh x4c cao.

1.5.6. Cac dang diéu khién tay may.

a. Pudo'ng dan tirng doan

- Pay 1a kiéu diéu khién khong c6 phan hdi st dung cic cong tic hanh
trinh, s6 diém 1ap trinh cho mdi truc thuong 14 2 (diém dau va diém cubi).

b. Pudng din theo diém

- St dung pa-nen diéu khién cho ché d6 huan luyén.
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- Tung truc duoc diéu khién doc lap dén cac diém trong chuong trinh
cong nghé¢, ngudi lap trinh s€ luu lai toa do cac diém nay vao bg nhé. Bo diéu
khién s& tinh toan, xur 1y vi tri ctia tay may véi céc toa d§ suy rong- cac dich
chuyén goc hodc thang thé hién qua cac hanh trinh si ciia cac truc thay cho toa
do dé-cac.

c. Puong dén lién tuc

- St dyng b 1ap trinh trén thiét bi md phong (simulator) 1ap trinh theo
cach dat mii (lead-by- nose) hay ban phim dé kiém soat vi tri ctia tay mady.

- Cac diém trong ché d6 huan luyén 1a cac diém trén duong dich chuyén
duoc dua vio by nhé. Sau d6 cac diém nat- cac diém co toa do da duoc luu
vao bd nhd s& dugce dua ra tuan tu boi bd diéu khién robot cho cac truc cia
robot khi thyc hién chuong trinh.

d. Pudng din diéu khién.

- La hé théng diéu khién theo diém duoc trang bi thém kha ning kiém
soat vi tri cia tay gap va cac vi tri trung gian khi tay gap dich chuyén giira cac
diém lap trinh.

1.5.7. Tay gap.

- Chuc nang: gitr chi tiét hodc mang dung cu tdc dong lén chi tiét. Churc
nang phu thudc vao cong dung cua RoObt: gép, kep , son, han...

- Tinh chit:

X/
°

C6 kha nang kep , nang va tha chi tiét

*

* Cam nhén duoc chi tiét trong tay gap

X4

Trong luong phéi nho nhat

L)

L 4

Giit dugc chi tiét trong moi truong hop: V ti da, mét ning luong cung cap

X4

Pon gian nhung c6 do tin cay cao

L)

- Su bao toan chi s théng minh (Job IQ): Chi s6 thong minh ciia Robét
phai pht hop véi tinh chat cong viéc cling nhu phu hop véi gia thanh san

pham
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S

°e

o

X/
X4

.,

e Phan loai tay gip
- Ngudn din déng:

Str dung dong co dién

Str dung khi nén
Str dung thuy luc
Str dung chan khong
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CHUONG 2.
XAY DUNG BAI TOAN PONG HQC TAY MAY

2.1. CAC KHAI NIEM BAN PAU.

2.1.1. Hé toa dg.
- Phuong phap str dung: phuong phap hé toa ¢ tham chiéu.

- Hé toa d6 thuan

- He¢ toa do tuyét doi

- H¢ toa d6 tuong doi

2.1.2. Quy dao.

- Toa dd suy rong:co thé 1a chuyén vi goc ¢ cac khdp quay hodc chuyén vi
dai ¢ cac khép tinh tién ctia cac khau thanh vién : qy, s, ..., gn

g=q(t)
xm = xm(qu, G2, ... , qn) = xum(t) (2-1)

- Quy dao diem M:{ym = ym(qu, 2, ... , qn) = yu(t)

zm = zm(qu, G2, --- > qn) = Zm(t)

2.1.3. Bai toan dong hoc thuan.

- Cho trudc co cau va quy luat cia cac yeu td chuyén dong thé hién bang
cac toa do suy rong Qi ta phai xac dinh quy luat chuyén dong cta diém trén
khau tac dong cudi noi riéng hodc cua diém bat ky trén mot khau nao do cua
tay may noi chung trong h¢ truc toa do vudéng goc.

2.1.4. Bai toan dong hoc ngwerc.

- Cho trudc co cau va quy luat chuyén dong cua diém trén khau tac dong
cubi(hoic quy luat chuyén dong ctua khau cudi bao gdm vi tri va huéng cia
no) duogc biéu dién trong hé toa truc toa d§ vudng goc, ta phai xac dinh quy

luat chuyén déng cta cac khau thanh vién thé hién thong qua cac hé toa do
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suy rong qi

2.2. MO TA CHUYEN PONG BANG PHUONG PHAP TQA PO
THUAN NHAT.

2.2.1. Gi6i thiéu vé phwong phap toa dd thuan nhit.
- Phuong phap toa d6 thuan nhat dung dé khic phuc mot s6 van dé phirc

tap khi tinh toan cac ma tran. Trong d6 mot khong gian n chiéu s& duoc trinh
bay trong n+1 chiéu.
Khi quan tdim dong thoi ca dinh vi va dinh hudng vecto diém s& duoc

bd xung thanh phan tht tu, thanh vecto mo rong duoc biéu dién 1a:

r=(orx, ory, orz, ®)'- cach biéu dién vecto diém trong khong gian toa do
thuan nhat.

o: hé sb ti 1é ngém dinh cho chiéu th{ tu.

®=1: cac toa do biéu dién bang toa d¢ thuc, r=(ry,ly.r,,1)"

1 0 0 a
0 cosp -sing -b (2.1)
0 singp —cose —C
0 O 0 1

Toa d¢ thyc cua vecto mo rong: 1, =

L o

e T e (22)

2.2.2. Bién @6i dung ma tran thuan nhat.
- Thiét 1ap ma tran thuan nhat

< Vi du: hai hé toa d§ O1X Y121, O,XyY,Z, quay tuong ddi véi nhau mot g6c @
va tinh tién ca géc toa do O, trong hé¢ O1X1Y1Z; bﬁng vecto p nhu hinh

Vé,p=(a,-b,-c,1)T
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= -
z-\.
t 4 X, 2
}:;;
C h
¥1
AN Oy
)]
Z1

Hinh 2.1. Hé toa d0
Piém M trong 2 hé toa d§ dugc xac dinh béng cac vec torl, I, trong hé
toa d6 thuan nhét:

Ta co thé viét nhu sau :

r, = I, +at,
( , = §,C08p—T1,sing —bt,
r,, = Tr,Sinp+r,cosep —ct2
L = L =1 03
1 0 0 a |

0 cosp -sing -b
0 sing —cosp —C

_0 O 0 l _ (2.4)

bat T, =

T1, 13 ma tran thudn nhat 4x4 dung dé bién d6i vecto mé rong tir hé toa

d6 thuan nhéat nay sang hé toa do thuan nhét khac.

Tx rL. _ Rij p
ong quat : T, = 0 1 3
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- Céc than phan cua ma trin thuin nhét

a o, o

+ Rjj: ma trdn quay 3x3. R;= M'= B B B
o V2 Vs (2.6)

+ P :ma tran 3x1 biéu thj toa d6 diém O; trong hé O;
+ 1x3 : ma tran 0. ( ma tran phdi canh)
+ 1x1 : ma tran don vi

+ Trong phép bién ddi toa d6 ma tran thuan nhat té ra wu diém hon khi bao
gdm ca théng tin vé su quay 14n tinh tién

Mo ta téng quat hon diém M trong h¢ toa do thuan nhat UVW biéu dién
bﬁng vector mé rong ruvw thi trong h¢ toa do thuan nhat XYZ diém do6 duoc

xac dinh bang vector mo rong rxyz : rxyz = T.ruvw

nX SX aX px
T= n, s, a p, _ R p
n, s, a, P 0 1 (2.7)
0 0 1

Vector n 1 cac toa d6 cua vector chi phuwong OU biéu dién trong hé toa
do XYZ.

Vector s 13 cac toa dd cua vector chi phuong OV biéu dién trong hé toa
do XYZ.

Vector a la cac toa d6 ctia vector chi phuong OW biéu dién trong hé toa

do XYZ.

—p.n
. . R" —p.
Ma tran nghich dao T o= EZ
0 1) (s

2.2.3. Cac phép bién ddi dung toa dé thuan nhat.
e Phép bién ddi tinh tién.
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1 0 0 p,
|01 0 p
™o 01 pj =T,(p. P, P.)
0 00 1 (2.9)
Phép quay céc truc toa dg.
1 0 0 0]
0 cosa -sina O
R(x,a) = )
0 sihna cosa O
0 0 0 1] (2.10)
[ cosp 0 sing O]
0 1 0 0
R(Y, ) = )
(v.0) —-singp 0 cosep O
0 0 0 1] (2.11)
cosd -sing 0 O
R(y.0) = sin@ cos@ 0 O
L= 0 10
0 0 0 1 (2.12)

e Phép quay phtrc hop.
R(p,0,a)=R(y,p)R(z,0)R(x,)
R(a1‘97¢): R(X,O{)R(Z,@)R(y,¢) (213)
e Phép quay truc bat ky.

Truc quay dugc dac trung bdi vector don vi chi phuong :

r=(r,r,r)’ (2.14)

Cac budc thuc hién:

Quay goc o quanh OX dé truc r
nim xubéng mit XZ Quay goc -B
quanh OY dé truc r trang voi truc
0OZ Quay goc ¢ quanh truc OZ

Quay goc B quanh OY

Quay goc -o quanh OX dé dua r vé vi tri xuét phat.
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R(r. @) =R(x,~a)R(y, /)R(2,¢)R(y,~F)R(Xx.@) (2 15)

2
r°v,+c, rrv,-rs, rrv +rs, 0
2
R(r. ) = rry,+rs, r°v +c, ryrzzvq) -rs, 0 (2.16)
rryv,—-rs, rrv +rs, r-v, +c, 0
0 0 0 1
V, = versp =1-cosg (2.17)
e Phép quay theo 3 goc Euler.
R(4.0.v)=R@ZHR(Y.OR(ZY) (218)
€,CsC, —S,S, —C,CpS, —S,C, CpS, O
_[846CC, +C,S, 5,808, +C,C, S8, 0
—S,C, S;S, c, O
0 0 0 1 (2.19)
2.2.4. Bai toan bién ddi nguorc.
e Xac dinh goc quay va truc quay.
2
u, v, W, p, r’v,+c, rrv, -rs, rrv +rs 0
T U Yy W, Py || BEY, LS, r’v,+c, rrv,-rs, 0
2
u, v, w, b, rrv,-rs, rryv, +rs, r°v +c, 0
0 0 0 1 0 0 0 1 (2.20)
JO, =W )P+ (W, =) + (U, -V, )
tang =
uc+v,+w,-1 (2.21)
u,—c
rx :Sgn(vz _Wy) —
1-c,
v, —C
r-y :Sgn(wx _uz) : .
1-c,
W, —C
r, =sgn(u, -V, Lo £
v (2.22)

e Xac dinh 3 gbc Euler.
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u, v, w, p, €,CC, —S,S, —€,CS, —S,C, €8, O
T= Uy Vy W, Pyl I8,CC, +CS, 5,08, +C,C, S8, 0
u, v, w, p, =S,C, S,S, c, O
0O 0 0 1 0 0 0 1

(2.23)

2.2.5. M ta va phat biéu lai ndi dung ciia bai toan dong hoc.

Ta quy udc goi cac chuyén vi tuong d6i gitta cac khau 1a cac bién dich
chuyén va cac toa d6 can xac dinh 1a cc bién vi tri. Cac bién dich chuyén va
cac bién vj tri co lién quan dén nhau. Tir d6 ta c6 thé phat biéu mot cach khac
cac bai toan dong hoc nhu sau:

Phat biéu bai toan dong hoc thuéan:

Cho trudc quy ludt cac bién di chuyén theo toa d6 suy rong, xac dinh quy
luat cac bién vi tri theo toa d6 Décac. Bai toan thuan lién quan dén phuong
trinh chuyén doi thuan dé tim vi tri va huong cua khau dau cudi trong h¢ toa
do Pécac khi cho trude cac toa do suy rong.

Phat biéu bai toan dong hoc nguoc:

Cho truéc quy ludt cac bién vi tri (cu thé 1a quy luat toa do vi tri va
huéng cua khau chip hanh cudi trong hé toa 46 Pécac), ta phai xac dinh quy
luat cac bién di chuyén phi hgp cho khau thanh vién thé hién & cac toa do suy
rong cua chung. Bai toan nguoc lién quan v6i phuong trinh chuyén do6i nguoc
dé tim moi lién hé giita cac khau thanh vién ciia tay may khi cho trudc vi tri

va hudng cua khau dau cudi.

2.2.6. Phwong phap giai bai toan dong hoc thuan.

Thiét 14p ma trdn quan hé twong d6i giita cac khau.

Thiét 1ap ma tran tuyét d6i cho timg khau va khau chip hanh cudi cung.

Thiét 1ap vi tri cdc ma tran dao ham bac 1 va bac 2 cho cac khau.

Tinh toan vi tri, van toc va gia toc cdu cac di€ém co ban thudc cac khau

cling nhu cac khau chap hanh cudi cung.
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2.2.7. Phwong phap giai bai toan dong hoc ngwoc.
- Xuat phat tir phuong trinh dong hoc co ban:

nX SX aX pX
T=AA,. A= > & P

nZ SZ aZ Z

0 0 1] (2.4

Cac ma tran A; 1a cdc ham cua bién khép qi. Ma tran Aj mo ta vi tri va
hudng ctua khau thir i so vai khau thir i-1.
- Co thé viét lai vé trai ciia phuong trinh trén:
T,=T: T, (2.25)
Nhan 2 vé voi Tt ta ¢o:
T T Tavavi T =( AlAL. LAY T = AL AT AT (2.26)

S AL LCATTATT, =T, (2.27)

nX SX aX pX
i - - 21|n, s, a
ITn:Ail....AzlAll y y Y py

nZ sZ aZ PZ

0 0 0 1

(2.28)

Ung v6i mdi gia tri cua i khi so sanh cac phan tr twong Gmg clia 2 ma
tran & 2 vé cua biéu thitc ta c6 6 phuong trinh t6n tai doc 1ap dé xac dinh cac
bién khép q;. Nhu thé | bang cach d6 c6 nhiéu kha ning dé lya chon cac b 10i

giai q; da tri nay.

2.3. THUAT TOAN GIAI BAI TOAN BANG PHUONG PHAP TQA PO
THUAN NHAT.

2.3.1. B thong s6 DH (Denavit-Hartenberg).
e Muc dich xay dung céc hé toa do d6i véi 2 khau chuyén dong lién tiép 1

vai+l.
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Khép n-1 1 Khép n , Khép n+1

P . I (hi
> Khiu n

Khau n-1

Q 81)‘1

Khau n+1

Khau n-2

Hinh 2.2. Xay dung cac h¢ toa do

Trude hét xay dung bo théng sd co ban gitra 2 truc quay cua khdp
dong i+1 vai:

- ajla do dai duong vudng goc chung gitra 2 truc khop dong i+1 va .

- oi la goc chéo gitra 2 truc khdp dong i+1 val.

- djla khoang cach doc truc khdp dong i tir duong vuéng goc chung gitra
truc khép dong i+1 va truc khop dong i va truc khdp dong i t6i duong vudng
goc chung gitra truc khép dong i va truc khop dong i-1.

- 0ilagoc gitta 2 duong vuong gdc chung noi trén.

Bo thong s6 nay goi 1a bo thong sé Denavit- Hartenberg, viét tit 1a bo
thong sb DH.

e Bién khop :

- Néu khép dong i 1a khép quay thi 0j 1 bién khép. Néu khép dong i 1a
khép truot thi di 1a bién khop.

2.3.2. Thiét 1ap hé toa d9.
- Goc cua hé toa d6 gén lién vé6i khau thir i (goi 1a h¢ toa do thur 1) dat tai

giao diém giira dudng vudng goc chung aj va truc khép dong i+1. Trudong hop
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2 tryc giao nhau thi gbc hé toa do lay trung véi giao diém d6. Néu 2 truc song
song thi chon gdc hé toa do 1a diém bat ki trén truc khép dong i+1.

- Truc zi cua hé toa do thur 1 nam doc theo truc khép dong i+1.

- Truc xi cua hé toa d6 th i ndm doc theo dudng vudng géc chung
huéng tir khdp dong i dén khép dong i+1. Trudng hop 2 truc giao nhau hudng
truc Xi tring véi huéng vecto tich zixzi+1 tic 1a vudng goéc véi mat phang
chtra zj,z.1.

M3 hinh bién doi.

e (Céc budc:

- Quay quanh tryc z;; mot goc 0i.

- Tinh tién doc truc z;; mot doan d;.

- Tinh tién doc truc xi4 (da trung vdi x;) mot doan a;.

- Quay quanh tryc xi.; mot goc ai.

A= R(Z, 91’). Tp(0,0, dl) Tp(ai, 0,0) R(x, (li) (230)

Coi —SpiCui S6iCai a,Cy,

i i Zai

A = i CaCui  CaSu Sy
P =

0 o0 0 1] (231
- Phuong trinh déng hoc.

nX SX aX pX
n S a
T=AA,.. A=l > & P
nZ SZ aZ A
0O 0 O 1

(2.32)

Trinh tw thiét 1ap hé phwong trinh déng hoc.

- Xac dinh cac hé toa do.
- Lap bang thong sé DH.

- Xac dinh cac ma tran A; theo cac thong sb DH.
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Tinh cac ma tran T;.

Lap phuong trinh dong hoc co ban.
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CHUONG 3

THIET KE VA THI CONG MO HINH ROBOT
5 BAC TU DO

3.1. CAC THIET BI SU DUNG TRONG MO HINH.

3.1.1. Pong co servor.

36.6

Hinh 3.1. BPong co servo MG996R

Pong co RC Servo MG996 14 phién ban nang cap ctia MG995, 1a dong
RC sero thién vé toc do phan tng nhanh va lyc kéo manh, thuong dugc st
dung trong cac thiét ké Robot: Xe do line, canh tay robot, humanoid robot,
robot nhén,...

bong co RC Servo MG996 c6 luc kéo manh, cac khop va banh rang
duoc lam hoan toan bﬁng kim loai nén c6 d6 bén cao, dong co dugc tich
hop sén Driver diéu khién dong co bén trong theo co ché phat xung - quay
goc nén rat dé sur dung.

Thong sb ky thuat:
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Chung loai: Analog RC Servo.

bién ap hoat dong: 4.8-6.6VVDC

Kich thudc: 40.7 x 19.7 x 42.9 mm
Trong lugng: 55¢

Luc kéo:

9.4 kgf-cm tai 4.8V- khoang 92N.cm
11 kgf.cm tai 6V- khoang 108N.cm
Téc do quay:

0.19sec / 60 degrees (4.8V khong tai)
0.15sec / 60 degrees (6.0V khong tai)
Dong hoat dong: 500 mA - 900 mA (6V)
Dong gitt momen: 2.5 A (6V)

b rong bang thong: Sus

Nhiét @6 lam viéc: 0 °C - 55 °C

Thiét ké vong bi d6i 6n dinh chdng séc.

Hinh anh dong co MG996R:

A
-
-
:

Hinh 3.2. Banh rang kim loai cuia dong co
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Hinh 3.3. Pong co servo va phu kién

Dong co sevor MG996R dugce hoan thién véi day xung mau cam
(orange)-day Vce(+) mau do (red) va day Ground (-) mau nau ( brown).
Pau két ni 1a dau cai 3 pin type ‘S’ thich hop v&i nhiéu loai thiét bi diéu

khién va driver.
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PWM=0range (I1I") — _
Vcc=Red (+) — @7
Ground=Brown (=) —

Duty Cycle

48Vto7.2V i
Power |

and Signal

20 ms (50 Hz)
PWM Period

Hinh 3.4. Chan diéu khién va chu ki xung cta dong co

3.1.2. Driver diéu khién déng co servo.

;1 iEeeRe.0

[ [

12C Address

(o TEADE Ioh

—— (O

| QOE NCAG&aE. POUER
EOSCL 816 XA 2=bit- PR Open"B/CIosed v sl

]OSOR ©|""il ll"jl adatruitt llllli nnl SOﬁo

> 1 Quee g . ucc
fOU (o) 0

OB e ““
OGND

BRuL hbke dREgLagdyd

W LEEE T T

Hinh 3.5. Module 16 kénh PWM 12 bit diéu khién servo PCA9685

EHTHITHTT
IIHHIHHII
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Viéc diéu khién dong co servo motor v6i Arduino hién nay kha dé& dang
v6i céac thu vién Arduino Servo, tuy nhién véi bang mach Arduino lai ¢6 han
ché vé s6 pins I/O. V&i Adafruit 16-Channel 12-bit PWM/Servo s& diéu khién
ddng thoi duogc t6i 16 dong co servo thong qua giao tiép 12C ma chi sir dung
2 pins /O ctia bang mach Arduino. Vi cing 2 chan /O d6 c6 thé két ndi véi

62 Servo Driver co kha nang di€u khién cung lac 992 servo.

Pay 14 giai phap hoan hao cho cac du an robot, hay cac du an doi héi diéu

khién nhiéu servo.

Hinh 3.6. Servo driver két ndi v&1 ngudn va dong co servo

Két noi:
a. Cac chan cap nguon:
- GND: Chan cap nguodn va tin hi¢u n6i1 dat, chan bat budc st dung.
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- VCC: Chén cap nguén logic (3-5V), bit budc st dung.
- V+ : Chan cip ngudn cho servo, tily chon st dung,

b. Céc chan diéu khién:

- SCL-I2C clock pin: chan xung clock giao tiép I12C.

- SDA-I2C data pin: chan di¥ lidu giao tiép 12C.

- OE-), day la chan tuy chon st dung. Tin hiéu ra-output port output
enable: Tin hiéu ngét, dung dé nhanh chéng ngét toan bo tin hi€u ra cua
servo driver khi murc logic cuia chan OE la cao (HIGH)

C. OUTPUT-PORT
C6 16 ngd tin hiéu ra servo, mdi ngd ra c6 3 chan V+, GND va PWM.
d. Két nbi servo driver vdi Arduino

bé két noi servo driver voi mach arduino UNO st dung trong mo hinh

can sir dung 4 day:

+5v -> VCC (chi cap ngudn cho mach driver khong cap nguén cho

Servo)
GND -> GND
Analog 4 -> SDA

Analog 5 -> SCL
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woww.arduing.cc

Bl rower ANALOG IN
SUBovendvin 0123458

PCASLAS
lbxi2-bit PN :op‘-rxa.'c:owcn:

Made with [ Fritzing.org
Hinh 3.7, Két ndi servor driver va Arduino

Sau d6 cap ngudn 6V cho servo vao cong cap nguodn trén dau bang mach.

W arduino. oo

el
% & o POWER ANALOG IN .
SUZBsvoavin 012345

PCA9LAS
lbxl2-bit PUN

unee; {®]
| »io]oom l®|®

oo @lelelel (@e

Made with [ Fritzing.org
Hinh 3.8. Cap ngudn cho servo

Két n61 dong co servo voi servo driver.
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i Arduino LU

- 2

Hinh 3.10. Két ndi nhiéu dong co
e. Thong sb ky thuat:

- Tuong thich voi dién ap 5V, Co thé diéu khién ndé qua MCU 3.3V va van
an toan khi cip ngudn 6V cho Servo.
- Tan s6 PWM c6 thé diéu chinh 1én khoang 1.6 KHz.
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- Do phan giai 12 bit cho mdi ngd ra servo, Khoang 4us tai 60Hz.

- Giao tiép truc tiép voi Driver bang chuan giao tiép 12C.

- C6 6 chan dia chi vi vy c6 thé giao tiép duoc vo1 62 mach driver khac
nhau trén cting mot dudng bus 12C nang tong s6 ngd ra PWM 1a 992 cong.

- C6 thé khai bao dién tro ngd ra dang Push-Pull hodc Open-Drain.

- C6 thé nhanh chéng ngat tin hiéu tat ca cic ngd ra.

- St Dung Chip SMD PCA9685

- C6 Bao V¢ Nguoc Cuc

3.1.3. Mach diéu khién.
a. Gi6i thiéu chung vé arduino

Nhic t6i dong mach Arduino dung dé 1ap trinh, cai dau tién ma ngudi ta
thuong noi téi chinh 1a dong Arduino UNO. Hién dong mach nay da phat
trién t6i thé hé thir 3 (R3).

* SMD
EDITION

NALO
S~ Nm
< < X <

G IN
=
< <

_ '
. '
. ’

“
w
p=3
LT
-
=
[=]
o
-

Hinh 3.11. Arduino thuc té

b. Mt vai thong so ciia arduino UNO R3
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Bing 3.1. Mot vai thong s6 ctia arduino UNO R3

Vi diéu khién

ATmega328 (ho 8bit)

bi¢n &p hoat dong

5V -DC

Tan s6 hoat dong 16 MHz

Dong ti€u thu 30mA

Dién 4p vao khuyén dung 7-12V - DC

bién ap vao gidi han 6-20V — DC

S6 chan Digital 1/0 14 (6 chan PWM)

S6 chan Analog 8 (do phan giai 10bit)
Dong toi da trén mdi chan /O 40 mA
Dong ra tdi da (5V) 500 mA
Dong ra t6i da (3.3V) 50 mA
B0 nhé flash 32 KB (ATmega328)

véi 2KB dung bdi bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Kich thude 1.85cm x 4.3cm

¢. Vi diéu khién

LL)

- .

bl
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Hinh 3.12. Vi diéu khién.
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Arduino UNO c6 thé str dung 3 vi diéu khién ho 8bit AVR 1a ATmega8,
ATmegal 68, ATmega328. Bo niio nay co thé xt li nhitng tic vu don gian nhu
diéu khién dén LED nhap nhay, xu 1i tin hiéu cho xe diéu khién tir xa, 1am
mot tram do nhiét d6 - 36 4m va hién thi 1én man hinh LCD,...

Arduino UNO c¢6 thé duoc cip nguén 5V thong qua cong USB hoic céap
ngudn ngoai v4i dién ap khuyén dung 1a 7-12V DC va gidi han 13 6-20V.
Thuong thi cdp ngudn bang pin vudng 9V 1a hop 1i nhat néu khong co sin
ngudn tir céng USB. Néu cip ngudn vuot qua ngudng gidi han trén, s& 1am
hong Arduino UNO.

GND (Ground): cuc 4m ctia ngudn dién cip cho Arduino UNO. Khi ding
cac thiét bj st dung nhitng ngudn dién riéng biét thi nhitng chan nay phai
dugc ndi voi nhau.

5V: cap dién ap 5V dau ra. Dong téi da cho phép ¢ chan nay 1a 500mA.

3.3V: cip dién 4p 3.3V dau ra. Dong t6i da cho phép ¢ chan nay 13
50mA.Vin (Voltage Input): dé cap ngudn ngoai cho Arduino UNO, ndi cuc
duong ctia ngudn voi chin ndy va cuc 4m ctia ngudn véi chan GND. IOREF:
dién ap hoat dong cua vi diéu khién trén Arduino UNO c¢6 thé duoc do & chan
ndy. Va di nhién né ludn 1a 5V. Mic du vay khong dugc ldy ngudn 5V tir
chan nay dé sir dung bdi chirc ning cta nd khong phai 14 cap ngudn.

RESET: viéc nhén nut Reset trén board dé reset vi diéu khién twong duong
véi viée chan RESET dugc ndi vé6i GND qua 1 dién tr& 10KQ.

e Luuy:

Arduino UNO khong ¢ bao vé cidm nguoc ngudn vao. Do d6 phai hét siic
can than, kiém tra cac cuc am — dwong cua ngudn trude khi cip cho Arduino
UNO. Vi¢c lam chap mach nguén vao ctiia Arduino UNO s& bién n6 thanh
mot miéng nhya chin gidy. Nén dung ngudn tir cong USB néu c6 thé.

Céc chan 3.3V va 5V trén Arduino 1a cic chan dung dé cp ngudn ra cho

cac thiét bi khéac, khong phai 1a cac chan cap nguon vao. Viéc cap nguon sai
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vi tri ¢6 thé 1am hong board. Piéu nay khong duoc nha san xuat khuyén
khich.

Cap ngudn ngoai khong qua cong USB cho Arduino UNO véi dién ap
du6i 6V c6 thé lam hong board.

CAp dién ap trén 13V vao chan RESET trén board c6 thé lam hong vi diéu
khién ATmega328.

Cudng d6 dong dién vao/ra o tat ca cac chan Digital va Analog cua
Arduino UNO néu vuot qua 200mA sé& lam hong vi diéu khién.

Cép diép ap trén 5.5V vao cac chan Digital hodc Analog cia Arduino
UNO sé& 1am hong vi diéu khién.

Cuong dg dong dién qua mot chan Digital hoac Analog bét ki cua Arduino
UNO vuot qua 40mA sé& lam hong vi diéu khién. Do d6 néu khong dung dé
truyén nhan dir li¢u, phai méc mot dién tré han dong.

d. B nhé va cac cong vao ra

e B0 nho.

Vi diéu khién Atmega328 tiéu chuin cung cip cho ngudi dung:

32KB bd nh¢ Flash: nhitng doan 1€nh 13p trinh s€ dugc luu trit trong bd
nhé Flash cua vi diéu khién. Thuong thi s& c6 khoang vai KB trong sb ndy sé
duoc dung cho bootloader nhung dimng lo, hiém khi nao can qua 20KB bd nhd
nay dau.

2KB cho SRAM (Static Random Access Memory): gia tri cac bién khai
bao khi lap trinh s& luu ¢ day. Khai béo cang nhiéu bién thi cang can nhiéu bo
nhd RAM. Tuy vay, thuc sy thi cling hiém khi nao bd nhé RAM lai trd thanh
thir ma phai ban tam. Khi mat dién, di liéu trén SRAM s& bj mat.

1KB cho
EEPROM (Electrically Eraseble Programmable Read Only Memory): day
giong nhu mot chiée 6 cimg mini — noi c6 thé doc va ghi dit lidu vao ddy ma

khong phai lo bi mat khi cup dién giéng nhu dit liéu trén SRAM.
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e Cac cong vao ra.

Arduino UNO c6 14 chan digital dung dé doc hodc xuit tin hiéu. Chuang
chi c6 2 mirc dién ap 1a OV va 5V véi dong vao/ra tdi da trén mdi chén 1a
40mA. O mdi chan déu co cac dién tré pull-up tir duoc cai dat ngay trong vi
diéu khién ATmega328 (mic dinh thi cac dién tré ndy khong duoc két ndi).

Mot s6 chan digital c6 cac chirc nang dac biét nhu sau:

2chén Serial: 0 (RX) va 1 (TX): dung dé guri (transmit — TX) va nhan
(receive — RX) dir liéu TTL Serial. Arduino Uno c6 thé giao tiép voi thiét bi
khac thong qua 2 chan nay. Két ndi bluetooth thudng thiy néi ném na chinh
1a két ndi Serial khong day. Néu khong can giao tiép Serial, khong nén sir
dung 2 chan nay néu khong can thiét.

Chan PWM (~): 3, 5,6,9, 10, va 11: cho phép Xuét ra xung PWM voi
d6 phan giai 8bit (gia trj tir 0 — 2°-1 twong tng v6i OV — 5V) bang ham
analogWrite(). N6i mot cach don gian, c6 thé diéu chinh duogc dién ap ra &
chan nay tir mic OV dén 5V thay vi chi ¢6 dinh & mic OV va 5V nhu nhing
chan khac.

Chan giao tiép SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). Ngoai
cac chirc ning thong thuong, 4 chan nay con dung dé truyén phat dit liéu bang
giao thitc SPI v6i cac thiét bi khac.

LED 13: trén Arduino UNO ¢6 1 den led mau cam (ki hiéu chit L). Khi
bam nut Reset, s& thiy dén nay nhip nhay dé bao hiéu. N6 dugc nbi véi chan
s6 13. Khi chan nay duoc nguoi dung st dung, LED s& sang.

Arduino UNO ¢6 6 chan analog (A0 — A5) cung cip d6 phan giai tin hiéu
10bit (0 — 2'°-1) dé doc gia tri dién ap trong khoang OV — 5V. Véi
chan AREF trén board, c6 thé dé dua vao dién ap tham chiéu khi str dung cac
chan analog. Tirc 12 néu cép dién ap 2.5V vao chan nay thi c6 thé dung cac
chan analog dé do dién ap trong khoang tir OV — 2.5V véi d6 phan giai van

la 10bit.
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Pic biét, Arduino UNO ¢6 2 chian A4 (SDA) va A5 (SCL) hd tro giao tiép

I2C/TWI v6i céc thiét bi khac.

e. Lap trinh cho Arduino

_ o]
File Edit Sketch Tools Help

This example code is in the public domain. -
e oMz
‘/ Pin 13 has an LED conne I

'/ give 1t a name:

=10l

int led = 13;

'/ the setup routine runs
void setup() {
// initialize the digits

pintode (led, OUTPUT):

// the loop routine runs c

void loop() {
digitalWrite(led, HIGH):
delay(1000):
digitalWrice(led, LOW):
delay(1000);

}

CI

_sena_|

=

_ Vv Autoscroll [BothNL & CR  >| |9600baud =]

Hinh 3.13. M61 truong 1ap trinh cua Arduino

Cac thiét bi dua trén nén tang Arduino dugc 1p trinh bang ngodn riéng.

Ngén ngit nay dya trén ngdn ngit Wiring duoc viét cho phan cimg néi chung.

Va Wiring lai 1a mét bién thé ctia C/C++. Mot sb nguoi goi nod la Wiring, mot

s6 khéc thi goi 1a C hay C/C++.

Ngbn ngit Arduino bat ngudn tir C/C++ pho bién hién nay do d6 rat dé

hoc, d¢ hiéu.

bé 1ap trinh cling nhu gtri 1énh va nhan tin hi¢u tr mach Arduino, moi
truong 1ap trinh Arduino duoc goi 1a Arduino IDE

(Intergrated Development Environment) nhu hinh trén.
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3.1.4. Nguén
Mo hinh canh tay robot st dung 2 ngudn doc 1ap

a. Nguon cap cho Arduino va servo driver:
Do nha san xuat Arduino khuyén dung nguon vao 7-12V DC va nguon
servor driver dugc cap ngudn nudi tir mach Arduino. Vi vy em st dung 2 pin

18650 dau ndi tiép cho ra dién ap 7,2V cap ngudn cho mach Arduino.

Hinh 3.14. Pin cap ngudn cho Arduino

b. Ngudn cip cho servo:
Ngudn cip cho servor 12 ngudn 4-6V DC, do cac dong co servo trén canh
tay robot c6 t6i 6 dong co va phai hoat dong phdi hop lién tuc yéu cau ngudn

6n dinh, vi vay em sir dung 4c quy 6V, 5Ah cta hing Globe
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Hinh 3.15. ic quy 6V cdp ngudn cho servo

3.1.5. Khung canh tay robot, khép ndi va chan dé.
Téng quan vé canh tay robot.

Khung canh tay may bao gdm chan dé duoc lip truc quay canh tay
may,trén truc quay la canh tay v&i 3 khép quay. Cudi canh tay may 13 mot
mat bich co thé xoay lap co ciu gip, kep.

Khung cénh tay robot 5 bac tu do

Kich thuéec:

Chiéu cao: 460mm

Chiéu dai tay: 355mm

b0 rong ctua dé: 215mm

Céc khung chan dé, canh tay déu duoc 1am bang nhom dap hinh va
khoan 16 san

Téng thé cua canh tay robot duoc miéu ta nhu hinh dudi day.
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Hinh 3.17. Khung cénh tay robot va gia lap dong co



Tai cac khép quay cia khung robot duoc lap vong bi gitp chuyén dong

cua canh tay may tron tru va 6n dinh.

Hinh 3.18. Khép quay cua canh tay may.

Tay gap robot:

Tay gép robot v6i két cau don gidn nhung hoat dong hi¢u qua két, san
pham c6 thé hop véi dong co servo dé diéu chinh co cau gap. San pham
dugc lam tr nhom cho dong cing va trong lugng nhe vira phai ¢6 tinh

tham mi cao.
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Hinh 3.19. Tay gap robot

Thong sb k thuat cua tay gip robot:
-Trong lugng : 68¢g
-Chét liéu: nhom
Do mé toi da: 55mm

-Chiéu rong tay (khi mé tay): 98mm
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3.2. Thi cong phan cing.

3.2.1. Lap rap.

Hinh 3.20. Chan dé canh tay robot

Hinh 3.21. Lip vong bi vao gia lap dong co
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Hinh 3.22. Lip gia lip dong co vao chan dé

Hinh 3.24. Lip dong co
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Hinh 3.26. Lap rap khung canh tay dudi ctia robot
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Hinh 3.27. Tiép tuc lap canh tay va dong co vao dé quay

Hinh 3.28. Lap rap khung canh tay trén cia robot
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Hinh 3.29. Lap rap canh tay cing dong co
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Hinh 3.30. Khép cudi cua canh tay

(J
¢ 6 ¢ o
e
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-

Hinh 3.31. Lip kh6p cudi va dong co vao canh tay
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Hinh 3.33. Lap dong co vao tay kep
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Hinh 3.34. Canh tay robot hoan chinh

Hinh 3.35. Két ndi dong co va cac mach diéu khién




3.3. Phan mém diéu khién.

3.3.1. Cac thao tac hoat d¢ng cia canh tay robot.
- Thiét 1ap canh tay robot vé trang thai ban dau

- Quay canh tay may vé hudng diém gap vat

- Ha canh tay may

- Mo tay gip, kep

- Hatay gip, kep xudng

- Gip, kep vat thé

- Giao tiép voi céng /O 14y miu trang thai caa hai cong tic hanh
trinh ctht2 va ctht3

- Néu:

Ca hai cong tic hanh trinh ctht2 va ctht3 c6 trang thai déu bang 0:

Canh tay robot s€ nhat vat thé 18n tai vi tri nhat vat sau d6 nhac canh
tay 1én di chuyén vé vi tri dat vat hinh tron va dat Xuéng, nha tay ga"lp
theo trinh ty hoat dong da duoc lap trinh san.

Ca hai cong tac hanh trinh ctht2 va ctht3 co trang thai déu bang 1:

Cénh tay robot s€ nhit vat thé 18n tai vi tri nhat vat sau d6 nhac canh
tay 1én di chuyén vé vi tri dat vat hinh tam giac va dat xudng, nha tay
gép theo trinh ty hoat dong da duoc 1ap trinh san.

Céc truong hop con lai:

Cénh tay robot s€ nhait vat thé 1én tai vi tri nhat vat sau d6 nhac canh
tay 1én di chuyén vé vi tri dat vat hinh vudng va dit xudng, nha tay gip

theo trinh ty hoat dong da duoc lap trinh san.

3.3.2. Luu d6 that toan.
Luu d6 thuét toan cua chuong trinh diéu khién canh tay robot dugc

viét dua theo céc thao tac hoat dong cua canh tay robot duoc trinh bay

dudi day:
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thiét I1ap thong s6 va
trang thai ban dau

di chuyén tay t&i vi tri gap

l

céc thao tac gap vat

ctht2=0

sai

ctht3=0

dung

Y

ctht2=1
ctht3=1

dung

sai

Y

di chuyén vat va dat vao

vi tri hinh tron

di chuyén vat va dat vao
vi tri hinh tam giac

di chuyén vat va dat
vao vi tri hinh vuéng

sai

két thuc ?

Hinh 3.36. Luu d6 thuat toan chuong trinh diéu khién




3.3.3. M nguon chuwong trinh diéu khién.
#include <Wire.h>

#include <Adafruit_ PWMServoDriver.h>

Adafruit PWMServoDriver pwm = dafruit_ PWMServoDriver();

#define MIN_PULSE_WIDTH 120
#define MAX_PULSE_WIDTH 3000
#define DEFAULT_PULSE_WIDTH 1500
#define FREQUENCY 30

uint8_t servonum = 0;

void setup()

{
Serial.begin(9600);

Serial.printin(*'16 channel Servo test!");
pwm.begin();
pwm.setPWMFreq(FREQUENCY);

pinMode(2, INPUT_PULLUP); /I set chan vao
pinMode(3, INPUT_PULLUP); /I set chan vao

¥
int pulseWidth(int angle)

{

int pulse_wide, analog_value;
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pulse_wide = map(angle, 0, 180, MIN_PULSE_WIDTH,
MAX_PULSE_WIDTH);

analog_value = int(float(pulse_wide) / 1000000 * FREQUENCY *
4096);

Serial.printin(analog_value);

return analog_value;

}

void loop()

{
pwm.setPWM(1, 0, pulseWidth(110));
pwm.setPWM(2, 0, pulseWidth(150));
delay (500);
pwm.setPWM(3, 0, pulseWidth(80));
pwm.setPWM(4, 0, pulseWidth(81));
delay(400);
pwm.setPWM(5, 0, pulseWidth(105));
delay(3000);
[ [ e e ek ok ok g - Rk ko ko
pwm.setPWM(0, 0, pulseWidth(142));
delay (700);//s1 quay
pwm.setPWM(1, 0, pulseWidth(75));
pwm.setPWM(2, 0, pulseWidth(130));
delay(1500);
pwm.setPWM(5, 0, pulseWidth(50));
delay(500);
pwm.setPWM(3, 0, pulseWidth(40));
delay(600);
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pwm.setPWM(5, 0, pulseWidth(105));
delay(1500);
int ctht2 = digitalRead(2);
Serial.printin(ctht2);
int ctht3 = digitalRead(3);
Serial.printin(ctht3);

if (ctht2 ==LOW && ctht3==LOW)

{

pwm.setPWM(3, 0, pulseWidth(80));
delay(500);

pwm.setPWM(4, 0, pulseWidth(30));
delay(500);

pwm.setPWM(2, 0, pulseWidth(150));
pwm.setPWM(1, 0, pulseWidth(110));
delay(900);

pwm.setPWM(0, 0, pulseWidth(78));
delay(1000);

pwm.setPWM(1, 0, pulseWidth(75));
pwm.setPWM(2, 0, pulseWidth(130));
delay(1500);

pwm.setPWM(4, 0, pulseWidth(81));
delay(1500);

pwm.setPWM(3, 0, pulseWidth(40));
delay(900);

pwm.setPWM(5, 0, pulseWidth(50));
delay(600);
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pwm.setPWM(3, 0, pulseWidth(80));
delay(500);

pwm.setPWM(5, 0, pulseWidth(105));
delay(500);

pwm.setPWM(2, 0, pulseWidth(150));
pwm.setPWM(1, 0, pulseWidth(110));
delay(2000);

}

else
{

int ctht2 = digitalRead(2);
Serial.printin(ctht2);

int ctht3 = digitalRead(3);
Serial.printIn(ctht3);

if (ctht3==HIGH && ctht2==HIGH)

{
pwm.setPWM(3, 0, pulseWidth(80));

delay(500);

pwm.setPWM(4, 0, pulseWidth(30));
delay(500);

pwm.setPWM(2, 0, pulseWidth(150));
pwm.setPWM(1, 0, pulseWidth(110));
delay(900);

pwm.setPWM(0, 0, pulseWidth(58));
delay(1000);
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pwm.setPWM(1, 0, pulseWidth(75));
pwm.setPWM(2, 0, pulseWidth(130));
delay(1500);

pwm.setPWM(4, 0, pulseWidth(81));
delay(1500);

pwm.setPWM(3, 0, pulseWidth(40));
delay(900);

pwm.setPWM(5, 0, pulseWidth(50));

delay(600);

pwm.setPWM(3, 0, pulseWidth(80));
delay(500);
pwm.setPWM(5, 0, pulseWidth(105));
delay(500);

pwm.setPWM(2, 0, pulseWidth(150));
pwm.setPWM(1, 0, pulseWidth(110));
delay(2000);

}

Else

{
pwm.setPWM(3, 0, pulseWidth(80));

delay(500);

pwm.setPWM(4, 0, pulseWidth(30));
delay(500);

pwm.setPWM(2, 0, pulseWidth(150));
pwm.setPWM(1, 0, pulseWidth(110));
delay(900);
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pwm.setPWM(0, 0, pulseWidth(38));
delay(1000);

pwm.setPWM(1, 0, pulseWidth(75));
pwm.setPWM(2, 0, pulseWidth(130));
delay(1500);

pwm.setPWM(4, 0, pulseWidth(81));
delay(1500);

pwm.setPWM(3, 0, pulseWidth(40));
delay(900);

pwm.setPWM(5, 0, pulseWidth(50));
delay(600);

pwm.setPWM(3, 0, pulseWidth(80));
delay(500);

pwm.setPWM(5, 0, pulseWidth(105));
delay(500);

pwm.setPWM(2, 0, pulseWidth(150));
pwm.setPWM(1, 0, pulseWidth(110));
delay(2000);

}

73



KET LUAN

Thoi gian thyc hién véi su tao diéu kién va gitp d& cua thiy
Nguyén Trong Thiang em d3 thuc hién thanh cong dé tai “Nghién
ctru xay dung mo hinh cénh tay robot 5 bac tu do. Di sau nghién ctu
phan cing”. Cac cong viée di thuc hién bao gdm: Thiét ké, thi cong
va chinh dinh cénh tay robot 5 bac ty do gap va phan loai san pham.

Do thoi gian cé han va kinh nghiém ban than chua c6 véi sy giup
d& ciia cac thiy cd trong nha trudng di gitip em hoan thanh nhiém
vu ctia minh. Qua day em xin cam on cic thdy c6 gido da diu dit em
trong 4 naim hoc vira qua. Em xin chan thanh cam on cac thdy co
trong khoa Dién-Dién tir d3 day dd va trang bi cho em nhimng kién
thirc chuyén nganh quy gia.

Em s& ¢ ging tiép thu kién thtrc va khong ngimg hoc hoi dé ap
dung vao nhitng cong viéc thuc té sau nay.

Hai Phong, ngay 15 thang 5 ndm 2018

Sinh vién

Nguyén Thai Phong
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