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LOT NOI BAU CHO LAN IN THU HAI -

Vao dau thé ky trude, y tuong dau tién vé robot xudt
hién, thé hién wdc mo chdy bong cua con ngudi la tao ra
nhitng nguoi mdy dé thay thé minh trong nhitng cong viéc
ngng nhoc, nham chdn, nguy hiém. Vao khodng ndm
1940, mau robot dau tién (Master-Slave Manipulators) ra
ddi tai phong thi nghiém quéc gia Oak Ridge va Argonne
cua My, dé van chuyén cdic hoat chdt phong xa [7]. Dén
thap ky 80 trén thé gidi da co toi 40 nghin robot thude 500
kiéu, do 200 hdng tham gia sén xudt [2]. Ngay nay robot
da duoc sw dung réng rai trong san xudt, nghién ciu
khoa hoc va doi séng. Do la thiét bi khéong thé thiéu duoc
trén cdc hé théng san xudt, ddc biét la cac hé théng san
xudt linh hoat. Robot ngay cang khéo léo va théng minh,
duoe coi la san phdm dién hinh cia mot nganh ky thudt
mai: nganh co - dién tw (Mechatronics).

Cho dén nay, hau hét cdc truong dai hoc ky thuat o Viét
Nam da dva mén ky thudt robot vao chuong trinh chinh
khoa. Mén hoc nay duoe gidng day chu yéu cho cdc
chuyén nghanh co khi, song cdc khia canh riéng biét cia
né nhw ky thuat diéu khién, lap trinh, mé phong cing
duoc cdc nganh khde réat quan tam.

Ngay 12-10-2003 dd xay ra mét su kién, danh déu méc
phdt trién mdi trong linh vuc nghién ciu, dao tao va ung
dung khoa hoc va céng nghé robot tai Viét Nam: Héi Khoa
hoc Céong nghé Robot Viét Nam (Vietnamese Assiciation of
Robotics - VAR) duoc thanh ldp. Su ra doi cua Héi phan
dnh nhu cdu cdp thiét cua céng nghiép, quéc phong va
cudc séng, ddp ung su mong moi-cua déng ddo cdc nha



khoa hoc, cdc nha san xudt, cdac gido su, nghién ciu sinh,
sinh vién tai cdc truong dai hoc va tdt ca nhitng ai quan
tam dén robot.

Trong boi canh do, déng thoi theo yéu cdu cia nha xudt
ban Khoa hoc va Ky thuét, ching téi da chinh sita va bé
sung cuén "Ky thudt Robot" dudc xudt ban tai nha xudt
ban Khoa hoc va Ky thudt cach day via dung 1 nam.
Chung téi tin tudng rang tai liéu sé ddp ung tét hon nhu
cau giang day va hoc tdp mén "Robot cong nghiép” va cac
mén lién quan nhu "Tu déng héa hé théng san xuat’,
"Cong nghé sdn xudt linh hoat”, "Diéu khién hé thong sdn
xudt nhd mdy tinh”,..., tai cdc truong dai hoc ky thudt.

Duoc su gop y clia cdc déng nghiép sau lan xudt bdn
trude, chung toi tiép tuc dinh hudng néi dung chu yéu cua
tai liéu vao lua chon, khai thdac va s dung robot
trong c¢ong nghiép. Ngoai 7 chuong cii di duoc chinh sua
chut it vé néi dung va trinh bay, ching téi bé sung thém
chuong 8: "Tay may c6 két cdu dong hoc song song”
dé phan dnh toan dién hon va cdap nhdt nhitng thanh tuu
mdi trong khoa hoc va céng nghé robot. Tong thé tai lidu
hinh thanh 3 mang kién thuc chinh:

- Nén tang co hoc va co khi trong két céu tay mdy (cde
chuong 2, 3, 5 va 8),

Piéu khién robot (chuong 6), va
ung dung robot (chuong 7).

Tuy nhién, su phdn chia nay la tuong déi, vi khong thé
phan tach rach roi gitta co hoc va két cdu, co khi va diéu
khién. Chuong 4 duge hinh thanh nhu ciu néi giva co khi
va diéu khiin. Ngoai ra, phdn phu lue duogc bién soan dé



ban doc tién 6n lai cdce kién thie lién quan vé diéu khién
tuyén tinh, mot van dé duce dé cap nhiéu trong tai liéu.
Chuong mai b6 sung dude dé J cuél tai lidu vi dé la phan
kién thitc ddc thi, hién nay chua nhat thiét phdi dua vao
chuong trinh dao tao co ban. Trong 7 chuong dau chi noi
vé robot néi tiép, chi trong chuong cuéi cung mdi can
phén biét robot nél tiép va robot song song.

Nhéan lan tdi ban nay, tdc gid xin tran trong cam on
cde gido s, cde nha khoa hoc, cdc dong nghiép, cdc hoi
vién cua Héi Khoa hoc va Cong nghé Robot Viét Nam va
toan thé cdc ban doc da nhiét tinh ung hé va gop y cho tai
liéu xuat ban lan dau tién.

Mdc die da duoe chinh tde gia va dong su s dung lam
gido trinh chinh trong dao tao nhiéu khod dai hoc va sau
dai hoc, lai duge kiém tra cGn thgn trude méi lan xudt
ban, nhung tai liéu chdc chdn van con thidu sot. Chung
to6i chdan thanh mong muén nhan dude va hét siic cam on
moi y kién dong gop tiép tuc cua ban doc.

Moi y kién dong gop xin gui vé Nha xuét ban Khoa hoc
va Ky thudt, 70 Tran Hung Dao, Ha Néi.
Ha Néi, thang 1 nam 2004
TAC GIA



Chuong 1
¢AC KHAI NIEM CO BAN VA PHAN LOAI ROBOT

l.1. CAC KHAI NIEM CO BAN VA PIHAN LOAI ROBOT
1.1.1. Robot va Robotics

TU thoi ¢6 xua, con ngudi di mong mudn tao ra nhimg vat giong nhu
minh dé¢ bat ching phuc vu cho ban than minh. Vi du, irong kho than
thoat Hy lap ¢6 chuyén ngudi khéng 16 Promethe dic ra con nguoi tir dat
st va truyén cho ho su song, hodc chaven 1én no 1¢ Talus khong 16 duge
lam bang ddng va dugc giao nhiém vu bao vé hoang dao Crete.

Pén nam 1921, tir "Robor” xuatl hién lan dau trong v kich "Rossum’s

fniversal Robots” cua nha viét kich vién tuong ngudi Sec. Karel Capck.
Trong v& kich niy, éng dung tr "Robor”, bién thé cla tr goc Slavo
"Rubota”. dé goi mat thiét bi - lao cong do con naudi (nhan vat Rossum)
tao ra.

Vao nhiing nam 40 nha van vién twdng Nea, [ssac Asimov. mo ta robot
[a mot chiée may v dong. mang dien mao cua con nguoi. duge dicu
khién bang mot h¢ than kinh kha trinh Positron, do chinh con nguai lap
trinh. Asimov ctng dat tén cho nganh khoa hoc nghién ciu vé robot 1a
Roborics, trong d6 ¢6 3 nguyén tac co ban:

I. Robol khong duge xdc pham con nguoi v khong gay t6n hai cho
con nguoi.

2. Hoat dong cua robot phat tuan theo cdc quy tac do con noudi dat ra.
Ciic quy tac nay khong dugc vi pham nguyén e tha nhat.

3. Mat robot can phai bao vé su séng cua minh, nhung khong duge vi
pham 2 nguyén tic trudc.

Cic nguyeén tac trén sau ndy trdd thimh nén ting cho viée thiét k& robot.

T su hu cdu cta khoa hoc vién tudng, robot dian dian duge gidi ky
thuat hinh dung nhu nhiing chi¢e may dac bic¢t, duge con nguosi phong tac
theo cau tao va hoat dong cha chinh minh, dung dé thay th¢ minh trong
maot sO cong viée xac dinh.

P¢ hoan thanh nhiém vu d6, robot can ¢6 kha nang cdm nhdn cic théng
sO trang that cua moi truomg va (ién hanh cac hoar dong tuong tu con ngudi.



Kha nang hoat dong cua robot duge dam bao boi hé thong co ki, gbm
co cau van dong d¢ di la va ¢ cau hanh dong dé ¢é thé lam vige. Viece
thi¢t k& va ché tao he thong nay thudc linh vic khoa hoc vé ¢ca cau truvén
dong. chiap hanh va vat liéu co khi.

Chde nang cam nhan, gém thu nhan tin hicu vé trang thii moi trieong
va trang thdi cua ban than hé thong, do cide cam bién (sensor) v cde thiét
bi lign quan thue hicn. He thong nay duoc goi 1 hié thong thu nhan va xu
fv tin hicu, hay don gian 1a hié théne cam hién.

Muon phoi hop hoat dong cua hai hé thong trén, dam bido cho robot ¢
th¢ te diéu chinh "hanh vi" cia minh va hoat dong theo ding chic nang
quy dinh trong diéu ki¢n moi truong thav doi. trong robot phal cé hé
thang dien khicn. Xav dung cae hé théng dicu khicn thuoe pham vi dién
tir. k¥ thuat dicu Khicn v cong ngh¢ thong tin.

Mot ciach don gian, Robotics duoc hiéu la mot nganh khoa hoc, ¢6
nhiém vu nghién cieu vé thiet ké, ché'tao cdc robot va g dung chung
trong cdac linh vuc hoat dong khdc nhau cua xa hoi loai nguoi, nhu
nghién citu khoa hoc - k3 thuat, kinh té, quoc phong va dan sinh.

T hién bict sa bo v¢ chie nang va ket ¢au cua robot, ching ta hiéu,
Roboticy 1Ta mot khoa hoc 1ién nginh, edm co khi, dién i, ky thuat diéu
khién vd cong nghe thong tin, Theo thuat ngir hién nay, robot 1A san pham
cua nganh co - dién wa (Mechatronics).

Khia canh nhédn van va khia canh khoa hoc - k¥ thuat cta viée san sinh
ra robol thong nhat & mot diém: thue hién hoai bio cua con ngudi. 12 tao
ra thict bi thay the¢ minh trong nhitng hoat dong khoéng thich hop vai
minh. nhu:

- Ciéc cong viéc lap di lap lai, nham chdn. nang nhoc: van chuyén
nguyeén vat licu, [ap rap, lau co nhi....

- Trong moi trudng khic nghiét hodc neuy hi¢m: nhu ngoai khoang
khang v tru, trén chién truong, dudt nude sau. trong long dat not ¢o
phoug xa. nhiét do cao....

- Nhing vice doi hdi do chinh xac cao. nhu thone tac mach madu hoic
cic ong dan trong co thé. lap rdp cdc cau 1 trong vi mach....



Linh vuce tng dung cua robot rat rong va ngay cang dugc md rong
them. Naay nay. khdi niém vé robot di md rong hon khai ni¢m nguyeén
thuy rat nhicu. Sy phong tdc ve két cau. chde nang, ddang vé cia con ngudi
la can thiet nhung khong con ngu tri trong k¥ thuat robot niia. Két cau
cua nhiéu "con” robot khic xa vdi két cau cdc bo phan clia ca thé ngudi
vit ching ciing ¢6 the thuc hicn duge nhimg viée vuot xa kha nang ciia
con ngudi.

1.1.2. Robot cong nghiép (RBCN)

Mac du, nhu dinh nghia chung vé robot da ncu, khong ¢6 gi giGi han
pham vi dng dung cta robot, nhung ¢é mot thue t¢ la hau hét robot hién
dang ¢6 déu duge dung trong cong nghi¢p. Ching ¢6 dac diém riéng vé
két cau. chie nang. da duge thong nhit hoi. thuong mai hod réong rai. Lop
robot nay dudc ot Lo Robor cong nghiép (Indusrial Robot - IR) .

Kv thuat 1w dong hoa (IO trong cong nghi¢p da dat (61 trinh do rat
cao: khong chi TBH cdc qud trinh vat ly ma ca cac qua trinh xir 1y thong
tin. Vi vay, TDH trong cong nghiép tich hgp cong nghé san xuit. ky thuat
dién, dién nr, Ky thuat diéu khién tr dong trong dé c6 THH nhd may tinh.

Hién nay, trong cong nghiép 1on tai 3 dang THI:

- TPH cing (Fived Automarion) duge hinh thanh dudr dang cic thiét
bi hoac day chuyén chuyén mon hoa theo déi tuemg (san pham). N6 duoc
ing dung ¢6 hicu qua trong diéu kién san xuat hang khoi vat san lugng
rit 16n cdc san pham cling loai.

- TBH kha trink (Proerammable Aniomarion) duoe ing dung chu yéu
trong san xuat loat nhd, loat vira, dip tne phan 1dn nhu cdu san pham
cong nghicp. H¢ thong thict bi dang nay 13 cic thiét bi van ning diéu
khicn s6. cho phép dé dang 1ap trinh lai d¢ ¢4 thé thay doi chung loai (tire
12 thay doi quy trinh cong ngh¢ san Xuat) san pham.

- TDH linh hoat (Flexible Automation) 1a dang phat trién cia TDH khi
trinh. No tich hop cong nghé sin xuat véi kv thuat diéu khién bing mdy
tinh. cho phép thay doi doi wgng san xuat ma khong can (hodc han ché)
sit can thi¢p ctia con ngudi. THI linh heat duge bicu hién dudi 2 dang: &

" o tinh pho dung cia RBCN mi ¢6 tinh trang dong nhat Robot vdi RBCN.
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bao san xudt linh hoat (Flexible Manufacturing Cell - FMC) va hé thong
san xuat linh hoat (Flexible Manufacturing System - FMS).

RBCN ¢¢ 2 dac trung co ban:

- La thi¢t bi van nang, dugc THH theo chuong trinh vii ¢6 the lap trinh
lai d€ ddp tng mot cdch linh hoat, khéo 1éo cic nhiém vu khic nhau.

- Puge tng dung trong nhitng tredng hop mang tinh cong nghiép dac
trung. nhu van chuyén va xép dd nguyeén vat lidu, lap rdp. do luding,...

Vi th¢ hién 2 dac trung co ban trén cua RBCN. hi¢n nay dinh nghia
sau day vé robot cong nghicp do Vién nghién ciru robot cliia My dé xuat
duge str dung rong rai

RBCN la tuy mday van ndng, hoat dong theo chieong trinh va o6 thé lap
trinh lai dé hoan thanh va ndng cao hiéu qud hocn thanh cdc nhiém vu
Khde nhau mrong cong nghiép. nhu van chuvén nguyén vdr licu, chi 1er,
dung cu hode cdc thiet bi chuyén dang khac.

Ngoiii cdc ¥ trén, dinh nghia trong FTOCT 25686-85 con bo sung cho
RBCN chitc nang diéu khién trong qua trinh san xudt:

RBCN la mday nr dong dicoe dat o6 dinh hay di dong, bao gom thiél bi
thiva hanh dang ray mav ¢6 moér so bace nr do hoat dong va 1hiér bi dién
Khien theo chuong trinh, o6 thé 1di lap trinh dé hoan thanh cac chite ndang
van dong va dien Khién woing qud trinh san xudt.

Chtic nang ven dong bao gom cdc hoat dong "ca bap” ahu van chuyén.
dinh hudng, x¢p dat, ga kep, lap rép,... doi tuong. Chiic nang diénu khién
dm chi vai trd cla robot nhu mot phuong tién diéu hanh san xuvat. nhu
cung cip dung cu va vat liéu. phan loai va phan phoi san pham, duy tri
nhip san xuit va tham chi ca dicu khién cic thiét bi lien quan.

Véi dac diém ¢6 thé 1ap trinh lai. RBCN la thiét bi TOH kha trinh va
ngdy cang trd thanh bé phan khong thé thi€u duoc cia cde ¢ bio hoac hi¢
thong san xudt linh hoat.

1.2. CAU TRUC CO BAN CGA RBCN

1.2.1. Két cau chung

Mot RBCN duge cau thanh bai cac hé thong sau (hinh 1.1):



- Tay mady (Manipulator) la co cau co khi gom cdc khau, khép. Chung
hinh thinh cdnh tay d& tao cac chuyén dong co ban, ¢d tay tao nén su
khéo I¢o. linh hoat vii ban tay (End Effector) d€ tryc tiép hoan thanh cic
thao tdc trén doi twong.
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Hinh 1.1: S0do khot cria RBCN

- Co cdu chdp hanh tao chuyén dong cho cic khau cua tay may.
Nguan dong luc cba cdc co cau chap hanh la dong co cac loai: dién, thuy
Iuc. khi nén hoac két hap giira ching.

- Hé thong cdm bién gém cic sensor va thiét bi chuyén déi tin hieu
cdn thi¢t khac. Céac robot can hé¢ théng sensor trong dé nhan biét trang
thdi cta ban than cdc co cau cha robot va cac sensor ngoai d€ nhan biét
(rang thai ctta moi trudng.

- Hé thong diéu khién (Controller) hién nay thudng la may tinh dé
gidm sat va diéu khién hoat déng ctia robot.

Sa d6 két ciu chung cba robot nhir trong hinh 1.2.

" End Effector truc tiép tdc dong 1én d6i tuong, c6 nghia rong hon Hand (ban
tay), nén s& dwge dich 1a phan cong tdc. ‘
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Hinh 1. 2: S do két cau chung ciia RBCN

1.2.2. Két cau cua tay may

Tay mdy la phin co sd, quyét dinh kha nang lam viéc cua RBCN. D6 la
thiét bi co khi dim bao cho robot khi nang chuyén dong trong khong gian
va kha nang [am viéc, nhu nang ha vat, ldp rdp,... Y tuéng ban ddu clia viéc
thiét ke va ché tao tay may la phong tac cau tao va chic nang cta tay ngudi
(hinh 1.3). Vé sau, day khong con la diéu bat buoc nita. Tay may hién nay
rat da dang va nhiéu loai ¢6 ding vé Khdc rit xa voi tay nguoi. Tuy nhién,
trong ky thuat robot nguoi ta van dung cdc thuat ngir quen thudc, nhu vai
(Shoulder), canh tay (Arm), co tay (Wrist), ban tay (Hand) va cic khop
(Articulations),... d¢ chi tay mdy va cdc bo phan cuia no.

Trong thiét k& va sir dung tay mdy, ngudi ta quan tam dén cac thong s6
c6 anh hudng 16n dén kha nang lam viéc cua ching, nhu:

- Stic nang, do cung vimg. luc kep cua tay....

- Tam voi hay ving lam viéc: kich thude va hinh ddng viing ma phan
cong tac co thé vai tdi;

- Su khéo 1éo, nghia la kha nang dinh vi va dinh hudng phan cong tic trong
ving lam viéc. Thong so nay lién quan dén s6 bac tu do ctia phan cong tac.

12
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Hinh 1. 3: Sie tong ne giita tay nguoi va tay may

bé dinh vi va dinh hudng phan cong tic mot cach iy y trong khong
gian 3 chiéu no céan ¢6 6 bac tu do, trong d6 3 bac tu do dé dinh vi, 3 bac
tr do dé dinh hudng. Mot s6 cong viéc, nhu nang ha, xép da,... yéu ciu so
bac tu do it hon 6. Robot han, son thuong c6 6 bac tu do. Trong mot s6
truong hop, nhu khi cin su khéo I€o, linh hoat hoac khi can to1 uu hoa
quy dao,... nguoi ta cé thé dung robot vdi s6 bac tu do 16n hon 6.

Cic tay mdy ¢6 dac diém chung vé két cau 1a gém ¢6 cdc khau, duoc
noi v6i nhau bang cdc khép dé hinh thanh mot chudi dong hoc hd, tinh tir
than dén phan cong tic. Cic khép duge dung pho bién la khop truot va
khdp quay. Tuy theo so lugng va cach bo tri cac khdp ma c6 thé tao ra tay
may kiéu toa do dé céc, toa do tru, toa do cau, SCARA va kiéu tay ngudi
(Anthropomorphic). ‘

Tay mdy kiéu toa dé dé cdc (hinh 1.4), con goi la kiéu chif nhat, dung
3 khdp trugt, cho phép phan cong tac thuc hién mot cach doc lap céac
chuyén dong thang, song song véi 3 truc toa do. Vung lam viéc cua tay
may c¢6 dang hinh hop chit nhat. Do su don gian vé két cdu, tay may kiéu
. nay c¢6 do cimg viing cao, do chinh xdc duge ddm bao déng déu trong
toan bo vung lam viéc, nhung it khéo 1éo. Vi vay, tay mdy ki€u dé cdc
duoc dung dé van chuyén va lap rap.

Tay may kiéu toa do tru (hinh 1.5) khic v6i tay may kiéu dé cic ¢
khép déu tién: dung khdp quay thay cho khdp trugt. Vung lam viéc cua
n6 c6 dang hinh tru réng. Khdp trugt nam ngang cho phép tay mdy "tho"
duge vao khoang rong nam ngang. D6 ciing virng co hoc cua tay mady tru
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tot, thich hop véi tai nang, nhung dé chinh xac dinh vi gée trong mat
phang ndm ngang giam khi tAm véi tang.

Tay mdy kiéu toa do cau (hinh 1.6) khic kicu tru do khép thit hai
(khép trugn) duge thay bang khop quay. Néu quy dao chuyén dong cida
phdn cang tdc dwge mo td trong toa do cau thi mdi bac twy do tuong tng
v6i mot kha nang chuyén dong va ving lam viéc cta né 1a khoi cau rong.
Do cdng vimg cua loai tay may nay thap hon 2 loai trén va do chinh xac
dinh vi phu thudc vao tim vdi. Tuy nhién, loai nay co thé "nhat" duge ca
vat dudi nén.

SCARA (hinh 1.7) dugc dé xuit lan dau vao nam 1979 tai Truong dai
hoc Yamanashi (Nhat ban) diing cho cong vice lap rap. D6 I mol kiéu
tay mdy ¢ ciu tao dac biét. gom 2 khép quay va | khdp truot, nhung ci 3
khép déu ¢6 truc song song vai nhau, Két cdu nay lam tay mdy ciimg vimg
hon theo phuong thang ditng nhung kém cing viing (Compliance) theo
phuong duge chon (Selecrive), la phuong ngang. Loai nay chuyén dung
cho cong viéc lap rap (Assembly) Vi tai trong nho. theo phuong thang
ditng. Tir SCARA 1a viét tat cua “Selective Compliance Assembly Kobot
Arm” dé mo ta cdc dic diém trén. Ving lam viéc cia SCARA 11 mot
phan cua hiah tru réng, nhu trong hinh 1.7.

Tay mady *kiéu tay nguvi (Antivopomorphic), nhu duge mo ta trong
hinh 1.8. ¢6 ca 3 khdp déu la cac khdp quay. trong do truc thi nhit vuong
goc van 2 true Kia, Do su tuong tu vén tay ngudi, khép thir hai duoc goi la
khop vai (Shonlder joinr), khép thit ba ta khép khuyu (Ethow joint), noi
cang tay V& khuyu tay. V6i két ciu nay, khong ¢é su tuong vmg giira kha
nang chuyén dong ciia cdc khau va so bac ty do. Tay mady lam viéc rat
khéo 1€o, nhung do chinh xdc dinh vi phu thude vi trf cda phan cong tdc
trong ving lam viée, Vimg lam viée cua tay may kieu nay gin giong mot
phan khoi cau.

Toan bo dang cdc két cau ta J trén mdi chi lién quan dén kha nang
diph vi ciia phan cong tac. Mudn dinh hudng né, can b6 sung phin c6 fav.
Muén dinh hudng mot cach tuy v phan cong tac, ¢o tay phai ¢é it nhat 3
chuyén dong quay quanh 3 truc vuong géc véi nhau. Trong trudng hop
truc quay ctia 3 khdp gap nhau tat mot diém thi ta goi dé 1a khdp cau
(hinh 1.9). Uu diém chinh cua khép cdu la téch duge thao tdc dinh vi va
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dinh hudng cla phan cong tac, lam don gian viée tinh toan. Cac kicu
khop khic c6 the don gian hon vé két cau ca khi, nhung tinh todn toa do
kho hon. do khéng tich duge 2 loal thao tac trém.

Phdn cong tde 1a bd phan truc 1iép tdc dong 1én doi trgng. Tuy theo
véu cdu lam viée clia robot, phan céong tac c6 thé 1a tay gap (Gripper),
cong cu (sting phun son, moé han, dao cat, chia van 6c,...).

1.3. PHAN LOAI ROBOT

The @16t rohot hién nay da rat phong phu va da dang, vi vy phan loai
chiing khong don gidn. C6 rat nhiu quan diém phan toai khac nhau. Mo6i
quan diém phuc vu moét muc dich riéng. Tuy nhién, c6 thé néu ra dav 3
cdch phan loal co bin: thco két cau, theo diéu khién va theo pham vi itng
dung cua robot.

1.3.1. Phan loai theo két cau

Theo két cau (hay theo hinh hoc). nguor ta phan robot thanh cdc loai:
d¢ cic. tru, cau. SCARA, kiéu tay ngutn va cac dang khdc nita (xein cic
hinh tir 1.4 dén hinh 1.9). Diéu nay da duoc trinh bay trong muc 1.2.2.

1.3.2. Phan loai theo diéu khién

Co 2 ki¢u diéu khién robot: diéu khién ho va diéu khién kin.

Biéu khién ho, dung truyén dong budc (dong co dién hoac dong co thiy -
luc. khi nén.... ) ma quang duong hoac g6c dich chuyén ty I véi 6 Xung
diéu khién. Kicu diéu khién ndy don gian, nhung dat d6 chinh xéc thap.

Diéu khién kin (hay diéu khicn servo), st dung tin hi¢u phan héi vi tri
dé tang do chinh xac diéu khién. C6 2 kiéu diéu khién servo: diéu khién
diém - diém va diéu khién theo dudng (contour).

Vi kiéu dicu khién diém - diem, phan cong tic dich chuyén tir di¢m
nay dén di¢m kia theo dudng thang véi 3¢ do cao (khong 1am viée). No
chi 1am viéc tai cdc di€ém dimg. Kicu diéu khién ndy duoc dung trén céce
robot han diém, vin chuyén, tan dinh, ban dinh,...

Dicu khién contour ddm bao cho phan cong tac dich chuyén theo quy
dao bat kv, véi 16¢ do ¢6 the dicu khicn duge. C6 thé gap kiéu diéu khién

nay trén cdc robot han hd quang, phun son.
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Hinh 1. 4: Tay may kiéu toa do dée  Hinh 1.5: Cau triic tay may kiéu
cac toa do iru

Hinh 1. 6: Tay mdy kiéu cdau Hinh 1.7: Tay mady kiéu SCARA

Hinh 1. 8: Tay may kiéu tay ngioi Hinh 1. 9: Khip c6 tay

1.3.3. Phan loai theo irng dung
Cach phan loai nay dua vao ting dung cua robot. Vi du, ¢6 robot cong
nghiép, robot dung trong nghién cttu khoa hoc, robot dung trong ky thuat

vi tru, robot dung trong quan su.... (hinh 1.10).
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USA)

Robot chan nfién (Mech. Laboratory-Tapan) — Robot lam viée dioi mede (OCA)

Robot trong hé thong san xuat linh hoat

Hinh 1.10: Mot so'loai robot dicoce ting dung trong tiee 1é
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Chuonq 2
9N HOC TAY MAY

Theo quan diém dong hoc. mot tay may ¢6 thé duge biéu dién bing
mot chuoi déng hoc hd, gém cdc khau, lién két v4i nhau bang cac khdp
quay hoac khdp truot, Mot ddu cta chudi duge gan 1én than, con dau kia
no1 var phan cong tac. Thao tac trong qua trinh [am viée doi hoi phan
cong tac phai duge dinh vi va dinh hudng chinh xdc trong khéng gian.
Bong hoc tay mdy giai quyét 2 1dp bai todn:

- 1.Gp bai todn thuan can cit vio cac bien khdp dé xdc dinh vung Iam viéc
cua phin céng tic va md té chuyén dong clia phin cong tac trong ving tam
viéc cua no;

- Ldp bai toéin ngugce, x4c dinh cac bin khép dé dam bio chuyén dong
cho trude cua phén cong téc.

2.1. VI TRf VA HUONG CUA VAT RAN TRONG KHONG GIAN

2.1.1. Hé toa do vat

Thé (Posture) ciia mot vat ran trong khong gian duge coi 1a duge xdc
dinh hoan toiin néu biét duge vi o va Jugong cia nd trong mot hé quy
chi¢u cho tnude.

Trén hinh 2.1, hé toa do O-vyz véi cdc vector don vi la x, v, = duce
dung lam hé toa dé gde. DE mé ta vi tri v hudng cla vat ran trong khong
gian, thugng phai gin ken ndé mot hé toa do, goi 1a hé 1oa do vdr, vi du hé
O’-1'v'= Goc toa do O' dai didn cho vi tri cha vat trong hé O-xyz, duoc

xdc dinh qua biéu thitc:
: I ., ',
O =0x+0ytoz

trong dé o', o', 0" 1a céc thanh phan cua vector ¢ trong hé toa do
O-xvz. Nhu vav, vi trf cia diém O’ duge mo ta nhd vector (3 x 1) sau:

0,
0'E 0 (2.1)
t o
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Hudng cua vat duge dai dién bdi cdc vector don vi 1, ¥, z° c¢da h
O’-x'y'Z", duge mé ta bang cdc quan hé sau:

Nl

X :x\x+xly+x_:]

7
V=YX 1~~1f‘1y+_v::(L (2.2)
I = xtzD v+z J

Cdc thanh phan cta cdc vector don vi (x°, X", 1" ) 14 cosin chi phuong
clta cdc truc cia hé O-x'v'z’ 50 véi hé O-xyz.

Hinh 2. [: Vi i va hwong cna vat ran ong khong glan

2.1.2. Ma tran quay
Dé cho gon, 3 vector don vi trong (2.2) ¢ thé duoc biéu dién dudi
dang ma tran (3 x 3). gof la ma trin quay, ky hiéu 1a R, nhu sau:
P"\ ¥, oz 'xo oyix oz x—‘
R:[x’ 3 :‘] =\x, ¥y, |=|x"y ¥y 2y (2.3)

Phép quay mot vat quanh mot truc toa do la truong hop riéng cua phép
quay mot vat trong khong gian. ‘Chiéu quay duge quy ude.la duong néu
nguoc kim dong ho.

Gia sirhé O’-x'y’z” nhan duge do quay hé O-xyz quanh truc z mot géc a
(hinh 2.2), vector don vi clia hé niy duge biéu dién trong hé O-xyz nhu sau:

fcosa —sina 0]
V= sina |, y=|cosa |, =0
0 0 IJ

{9



Hinh 2. 2: Quay hé O-xyz quanh truc -

V1 viy, ma tran quay quanh truc z cia hé O-x’yz"so vai h¢ O-xyz la:

. cosa -—sinag 0
Rz, a)=|sina cosa 0 (2.4
0 0 1

Tuong tu, cidc ma tran quay khi quay vat quanh truc v mot géc . R( v,
B) va quanh truc x mot géc y, R(x, y):

cosff 0 sinﬁ—!

Riy. p) = 0 1 0 (2.5)
-sinf 0 C()SﬂJ
1 0 0

R(x, =10 cosy —siny (2.6)

0 siny cosy

Cédc ma tran quay trén s€ rat hiru ich khi khao sat phép quay vat quanh
mot truc bat ky. C6 thé thir dé xdc minh ring ching c6 céc tinh chat sau:

Rk, -%) = R'(k, 9) (2.7)

trong d6 &k = x,y. z; 3= @, f. yva R' 13 ma tran chuyén vi cla ma tran R.



2.1.3. Phép quay mét vector

Ma tran quav khéng chi dung dé biéu dién vi tri cua mot hé toa do so Vi
mot hé toa do khac ma con duge dung dé mo ta sy quay clia mét vector.

Gia sir 2 hé toa do O-xyz va O-x’yz’, ¢ goc O va O’ trung nhau (hinh 2.3).

A
F 4
zl
LR
v
> 4
. P v
__:_‘.‘Q/‘//"/
p' /E \‘\ .‘;
4 < 1 r
I
P gy v
0]} P i—. Y >
..... __;,,_'"_ i
A
E 4
z
I!

Hinh 2.3 Biéu dién diém P 1rong 2 hé toa dé

biém P trong khong gian duoc mo ta lan lugt trong hé O-xyz vd

O-x'y'=' bang cdc vector p va p”:

p(] (p'\]
p= le va p'= {p‘t, |
». L]

Vi p va p’ biéu dién cting mot diém P va chid y dén biéu thite (2.3) ta cé:

p=p =p X +pN+p=/x"vIp =Rp (2.8)

" Cha y rang 3 vector clia R vuodng gdc véi nhau timg doi mot va R 1a ma tran
don vi. N6 ¢b cic tinh chét:
R'R=[vaR"=R"
Tir bidu thite trén ta rit ra mot ket luan quan trong: Chuyén vi cla ma tran
quav bang nghich dao cua né [5).
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hay: p =Rp (2.9)

Trong trudng hop ndy, ma tran quay R chinh 12 ma tran chuyén déi toa
do cia mot vector it he O-xy: sang hé O-x'yz’, con R’ 1a ma tran chuyén
Vi ciia ma tran R.

Vi du. néu he O-v'v'=" nhin duoe bang cach quay hé O-vv: quanh true z
mot goe ¢ (hinh 2. 4y thi ta ¢6 quan he gita toa do cua dicm P trong 2 heé la:

po=pleos a-plsina
p.=psina+pcosa
p=r
N viet gon ai vt dé v dén biea thae (2. 4) thi ta cér
!—cos o —sina 0
P Csine cosa 0 pi= Rz ajp’

|0 0

Po cang chinh 1a phuong trinh mo 4 phép quay vector p quanh truc -
mot aée o Bicu dién hinh hoc ca phép quav ndy nhu trong hinh 2. 5.

Tom lar. ma uan quay R ¢o 3 v nghia tuong duong nhau:

- Bicu didn hudng giia 2 hé toa do. trong d6 cac cot cuiia ma tran I
cosiit chi phuong gitra cac true cta hé méi so véi hé goce.

- Bicu dién su chuyén déi toa do clia mot vector gitta 2 hé toa do ¢o
20C tring nhau.

- Latodn (i bicu dién phép quay mét vector trong cling mot hié toa do.

A
y A v
1 | |
v !
n .
| . .
P 1 :
7“' s S ,.,'1 » .
o < : ; | v | »
N s Lo
- 4 « PR
T w0 F P :
N Y \-.” ; z ,‘\' ro
&)C I n - > (ly'__ I . g
z & r 7;' T

Hinh 2.4 Bicw dica vector trong 2 Hinh 2 5: Phép quav mot vector

heé 1oa do
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2.2. PHEP QUAY MOT VECTOR QUANH MOT TRUC BAT KY

2.2.1. Tong hop ciac ma tran quay

Thong thutng maor vat thé trong khong gian ¢6 thé quay quanh mot
truc bat ky. Trong truong hop do, ¢6 th_é coi phép quay tong quit la su 1o
hop nio d6 clia cdc phép quay don gian. Néu lam duoc nhur vay thi ma
tran quay téng quat sé 1a 10ng hop ciia cic ma tran quay don gian.

Gia st ¢6 3 hé toa do chung goc la O-v,v,z,. O-x,v,z,. O-x;v.z.. Vector
p dai dién cho mot diém bat k¥ trong khong gian duge bicu dién trong
méi he 1a p’, p’, p7". K¥ hiéu ma tran bicu dién phép quay ctia hé 7 50 vdi
héjlaR’

Ta c6 m6i quan hé gilta citc vector p’ v p” nhu sau:

p' =R p’ (2.10)
Tuong . 1a ¢o:

p'=R"p’ (2.11)

p' =R p’ (2.12)
Thay (2.10) vao (2.11) va sirdung (2.12). ta ¢o:

R'=R/'R) (2.13]

Ma tran quay R,” trong biéu thitc (2.13) ¢é thé hidu la ma tran tong
hop tir 2 ma tran quay R,” vd R,". N6 mé 1a 2 phép quay lién ti€p nhau:

- Quay vat (dang tring phuong véi hé O-x,y,7,) thco R,” d¢ né trung
phuong va1 hé O-v,v,z,.

- Ticp tuc quay vat (hién da triing phuong véSi hé O-v,v,7)) theo R, d¢
no trung phuong véi hé O-v,v,2,.

Phép quay néi trén la quay vat quanh hé toa do hién thoi (hinh 2.6).
Ciing ¢6 (he lién tiép thuc hi¢n phép quay quanh hé toa do ban dau. Trong
truome hop nay. ciac phép quay luon luon duge thue hién vai hé toa do ¢o
dinh (hinh 2.7).

" Tir day vé sau, chi 6 trén trong ky hiéu cdc vector hodc ma tran chi hé toa
do, trong do6 vector hoac ma tran duoc mé ta.
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Hinh 2.7 Quay Hién tidp mor vt theo hé toa do co divh

Ca thé hinkr dung qui tink quayv theo cic hude sau:

Ban dav ¢o 2 hé O-x,vz, v O-v,v,7, 1éch phuong nhau theo ma tran
quay R,

- Quay hé¢ O-v,v,7, cho tiiing vér he O-x,v.7,, . tuong (ng ma tran vtay R

- Quay heé O-v.v,7, theo R d¢ nhan duge hé O-v,v.2-

- B phép quav & bude | bang phép quay novec 777

Qua trinh trén duoe the hidn bar bicu thrte sau:

R—‘r' —~ RII!;‘RI/:.’REIR;U



Vi RK. = 1. nén cudi cung ta nhan duoe bidu thite:

R =RR" (2. 13)

So sanh val (2.13). chune ta nhan thav phép quavy lién tiép vdat theo hé
tog dé ed dind cho ket qua giong nhwe phép guay licn tiép vai theo hé 1oa
do hien then phueg theo thi e neanoe lai. Bicu 46 cling ndi 1én rang
Rhong the v tien thay doi thir iy gnay vat, Ciling ¢6 thé kiém tra k&t luan
1rén bing cach so sdanh phiép guay trong inh 2.6 vi hinh 2.7,

2.2.2 Phén guay quanh froe hat ky

Truong hope thudng xuyén gan phadi trong nghién ciu dong hoc tay
miv [ mo ta phep atay mot vat guanh true bat k.

Giaster = jror, 4 la vector dom vi trong hé O-xvz cla true quav, Ma
wan yuay R, S mo td phdp gquay quanh tre » mét gée ¢ duoe xde dinh
bang cich 16 hop ciac wia rdn quay theo cde true toa do goc (hinh 2.8).
Goc 9 duoe guy udc a diaone acn chion quay neice kim dong ho.

A

e
Lr ( -7
\ T B I NP
a e
~ r///\/ r v
»3_— \ Y
— . _ —
. T T T M <
- T LT e
- v ~ v
- 7 e o o Y
. 7 -
s
K

Hinh 2.8 Phép aueay guenhy ot true bear Ky

Mot trong nhiing cich 16 hop ¢é the nhu <au:

- Lam trang vecetor 5@ e - bang cach gquay o mot goc - guanh

true —osau do 1 -/ guanh vuc v,

- Quaty mot ede Jquanh o
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A



- Quay tra géc fquanh y, roi o quanh z.
M4 ta bang ma tran quay cédc phép quay trén nhu sau:
R(r, ) = R(z, ajR(y, IR(z, §)R(v, -B)R(z, -a) (2.158)
Tir cic thanh phan cla vector r, cé thé biéu dién cac ham siéu viét dé
tinh cdc thanh phan cda ma tran quay trong (2. 15) nhu sau:

. "\\ ]‘\ . o 2
SINA = —F————— = [ COSA = ~F==——— [ SINP = 1/1* +r. rcosp=r.
2.2 2.2 p o p=r.
re oy Yo T

Thay ching vao (2.15), nhan dugc ma trdn quay R(r,$), mo ta phép
quay quanh truc bat ky nhu san’:
ri(i—c,y+c,  rr(l—c,)-r.s, ry(l-cy)+ v‘y,.sl?—‘
R(r,9)=\rr(—c)+rs, r (i-c)+c, rr.(—c,)=rs,|(2.16)

rv r: (] - L‘L’J ) - r\ S.Q r\ r: (1 - cb‘ ) + ]_"_\’SH r:z (1 - CH ) + CS

Ma tran quay R(r, &) cé tinh chat sau:
R(r, 8) = R(-r, -9

Diéu dé cé nghia 12 phép quay mot géc 9 quanh truce » tuong duong
v61 phép quay mot goc - # quanh (ruc -1,

Khi giai bai toan nguoc, nghia [a tim géc quay & va truc quay » khi
biét ma tran quay:
o hy M
R=1|r, ry nr

oy Iy I

RE3

thi ¢6 thé sir dung cac biéu thic sau:

Fop = Ty
2 =1 | ) )
.9:(05"(""+r‘22+r]' ];rz -2 3 Y-y (2.17)
sin
=

vdi sin9 # 0.

" Tir day, cos s& duoc viét tit bang c; sin viét tit bang s. Vidu, cos3— ¢y
MMt = 54,
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Ta thay (2.17) md tad phép quay nha 4 thong $6. goc quay 3 va 3
thanh phan caa vector . Tuy nhién. vi r 1a vector don vi nén 3 thanh phan
cuia no bi rang buoce boi diéu kién:

ro o+ r_;? +ri=1 (2. 18)

Néu sin@ = 0 thi (2.17) vo nghia. Khi dd, phai xét true tiép cdc truang
hop cu thé, ké ca truong hop 8= 0va = r.

2.2.3. Mo ta toi thicu cua huong

Ma tran quay diing dé mo ti hudng cua vat ¢6 9 thanh phan. nhung cic
thanh phan nay khong hoan toan doc lap véi nhau. Chiing phai vuong géc
v6i nhau timg doi mot, nén ¢6 6 diéu kien ring buoc. Ngay ca phép quay
quanh truc bat ky. tuy duge mé ta bang 4 tham s6 nhu trong (2.17), thi
van cé mot rang budc nhu biéu dién & (2.18).

Nhu vay ¢6 nghia la. dé mo ta phép quay (hay dinh hudng). chi cin
dung 3 tham s6 doc lap. Viéc dung 3 tham 50 doc lap dé mo ta hudng
duge goi 1a sumo ta 160 thiGu (Minimal Representation of Orientation -
MRQ). C6 thé ditng cdc bo ba tham sé khdc nhau cho MRO, nhung
thuong dung nhit la gdc Euler va géc RPY.

2.2.3.1. Goc Euler

Gaoc¢ Euler hinh thanh MRO bang cach t6 hgp cdc thanh phdn cda ma
tran quay trong hé toa do hién thoi. Tuy theo kiéu t6 hgp ma tran quay,
c6 12 bo géc Euler khiac nhau. Sau day 1a mot kicu, goi la kieu ZYZ.

Gia sif (¢ 3 ) 1a mot 16 hop cla gde Enler. Phép quay tuong ing vdi
no duge hinh thanh theo tha tu sau (xem hinh 2.9):

Hinh 2. 9: Sie hinh thanh goc Fuler ZYZ.

27



- Quay h¢ toa doé mot goc @ quanh z, tuong dng ma tran quay R(z. @),
xem (2.4).

- Quay ti¢p hé toa do hién thai géc Fquanh v'. twong img Ry, 9), xem (2.5).

- Quayv tiép hé toa do hién thai géc y quanh =7, twong ttng R(=", ),
xem (2.4).

Huong cta hé toa dé cudi cing 1a k&t qua cua su 16 hop cac phép quay
trong h¢ toa do hién thot:

R = Riz. @IR(Y, QIR(z”, W) =

i €l €, =8,

Nt -y/ - C//\ C.Sl "\‘5 o 'S‘L.« Cv/ (.ll.'l s B
e g L SR o - bl
=18,0,0, 0,8, —S8,0,8, e, 5.8, | (2.19)
[ I
_ =S -g( [ s Kl L 17 ¢ Rl J

Bai toan ngugc duoce gidi bang ciach so sanh (2.19) vai ma tran quay
cho trudc:

Cha y cdc phan te (1. 21, (2, 3] va [3. 3] coa (2.19) vai gia thiét 7, #0
va r,, =0, ta cd:

. | - .
@ = Atan2(r,. r,,)va 8 = Aran2( \J’]_Zx 5 P y)

Yéu cau V’z—+ 15 > 0 (nghia la vind 9) > 0), gée ¢ nam trong khoang
(0, 7). PE v cidc phan tu [3. 1] va [3, 2]. ta ca:
v =Atan2(r ., 1)
Tong hop lai. néu chon & trong khodng (0, 7). ¢6 15i gidi sau cho bii
toan nguoc:

o= Atandir., v, ) “
9 = Atan 2/ \,/Irl,‘:\ 1 r) (2.20)
w=Atan2(r . —r,, ) [

Atan2iy, G arcrong(yi ). ¢o tinh dén ddv cia cde doi 56 d xdc dinh xem
g0c dang x€t nam & gde phan urnio,
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Néu chon # trong khoang (-7, (). o 13i giai tuong tu:

@p=Atan2(-r,,. 1)
9= Atan2(=Jr} +rs,. sy ) (2.21)
yro= Atan 2( —r..ry, ) i
L1 gidi b suy thodi khi x5 = ). Khi d6 chi ¢6 thé tinh tong hoac hicu
cla ¢ va . Neu 3 = () hode 9 = 7. thi phép quay chi thuc hién quanh cac
truc toa do ban dau.
2.2.3.2. Goc RPY
Khdac véi goc Euder, gée RPY hinh thanh MRO bang céach tong hop cic
phép quay thanh phan trong 7¢ tou do ¢6 dinh. RPY 1a cac cha it cua cic
tr mo ta ba chuyén dong cha con tau: Roll - chong chanh, Pirch - bong
bénh va Yaw - chéch hudng (hinh 2.10).

FA
!
|/
W
<'1‘) ___y
v .7
e (b)

(a)

Hinh 2.10: M6 1d géc RPY (a) va thé hién cria né v:én 1av may (h)

Phép quay tirong ng véi géc RPY duge thue hién theo trinh tu sau:
- Quay hé toa do goe mot goc ¢ quanh truc -. Phép quay nay duge mo
(a bang ma tran quay R(z, @) va biéu thitc (2.4).

- Quay tiép mot goc F quanh true v, tuong iing voi ma tran quay Ry,
9) va bicu thite (2.5).

- Quay uép mot goc w quanh truc A, tuong ng VA ma trin quay Kev.
w1 va bicu thae (2.6).

Ma tran quay 16ng hop 1a tich cta cic ma tran quay thinh phan. Chad y ring
cac phép quay dudge thyue hién theo hé toa do ban dau (xem lai muc 2.2.1):
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Riry = Riz. @)R(y, $)R(x, w) = -

Coly  CoSyS, —8,0, Co8,0, +8.5,

= | 5,00 S8,8, TC0,0 S5,8,0, =08, (2. 22)
-3, g, e,

Tuung tr phu truong hop goc Euler, bai twian nguge duge giai bang
cach so sanh (2.22) véi ma trdn quay cho trudce:
AT (FE AT
R=|r, rp nr,

Ry Ny I

DE \Jr;, +r{ >0 thi 9 nim trong khoang (- 772, 7/2). Khi d6 ta c6 15i
giai sau:

@=Atan2(r.,. r;;)

= Atan2(=r,,, \Jr) +rd ) (2.23)
w=Atan2(r;,, ry;)

Véi & trong khoang (#/2, 37/2), ¢4 131 gidi sau:
@=Atan2(-r,,, -1, )

9= Awn2(—r,. ~~Jrl+ri) (2.24)
w=Alan2(—r.,-ry)

Loi giai bi suy thodi khi cg = 0. Khi d6 chi cd thé tinh t6ng hoac hiéu
cua ¢ vay.

2.3. PHEP CHUYEN DOT THUAN NHAT

Chuyvén dong (dng quit trong khong gian clla mat vat ran gém 2 thinh
phan: tinh tién (chuyén vi) va quay (chuyén hiong).

Gia sir ¢c6 mot diém P trong khong gian (hinlt 2.11). p° 1a vector ciia P
trong hé toa dd O,-x,v,7: p' la vector trong hé O,-x,v,z,. 0 a vector
chuyén vi ctia goc O, so v6i Oy, con R,” 1a ma tran quay clia hé 1 so véi
he 0. Thé ctia diém P so v&i hé O,-x,y,z, c6 thé duoc bi¢u dién bang biéu
thitc sau:

p() = 0'() + Rlﬂp/ (2‘ 25)
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Bing cich nhan 2 v& cia (2.25) véi R," via chd y rang R," = R, ".
nhan dugc phuong trinh biéu dién chuyén vi nguoc lai:
p'=-Ro+ RSP 2.26)
Ca 2 biéu thic trén déu thé hién ring, phép chuyén déi toa do c6 thé bicu
dién duéi dang t8 hop clia phép chuyén vi va phép quay. C6 thé biéu dién
phép chuyén doi kiéu trén nhd mot ma tran duy nhat A,” gdém 4 ma tran con:
R(] O(]
Al = | N0 9 (2.27)
0 1
Trong dé R,” 12 ma tran quay dang 3 x 3. 0," 1 vector chuyén vi ¢6
dang ma tran 3 x 1, 0’ 1a vector chuyén vi phai canh va d6i véi dong hoc
robot 1a vector 0, 7 1a gid tri cia hé 6 ty 1&. Ma tran trén dugce goi 1a ma
trdn chuyén doi thudn nhdr. Phép chuyén ddi nhd ma tran thuan nhat
dugce goi 1a phép chuyén doi thuan nhat.

Bing cach trén, ¢6 thé biéu dién cac phép quay cd ban:

¢, -5, 00
R ) s, ¢, 00 (2. 28)
z, a) = . L]
( 0 0 10
i 0 0 1
[ e, 0 s, 0]
Ris, ) 60 1 0 O (2. 20)
v, ) = 2.2
. sp 0 ¢y O
L0 0 0 1]
(1. 0 0 0
0 ¢, -5, 0
Rix, y) = ' o (2. 30)
0 s, ¢, 0
6 0 0 |
va phép tinh tién co ban:
1 0 0 d,
01 0 d,
T(d.d.d)= (2.31)
) 00 1 d
00 0 1
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4 (O

Hinh 2. 11: Biéu dién diém P vone — Hinh 2. 12: 11¢ 10 do tren ban
cac hé toa dé khdae nhau tav
Nho 4 ma tran ¢dg ban nay cé thé bicu dicn chuyen dong bat kY cua
mot vat trong khong gian.
Thong qua ma tran chuyén doi thuan nhit, ¢6 thé bicu dién phép
chuvén doi toa do 1ong quat (2.25) dudi dang thuin nhis:

~-J u =l
po=A'p
r W n
7 S- 0 1') ! - ' /) I
trong do: po= . Po= i
I L]

Twong tu, chuycn dot thuan nhat gida hé toa dd 0 sang hé (oa do 1:

pleadlpt =ty
3 ’Vlerl‘l - [e ! ()(J ‘I g RII| - R|]'()” I
hoac: A= S L
Lo I, I

Chi vy rang, déi vér ma tran chuyén doi thudn nhat tinh chat true giao.,
nghia la A” = A’ khéng duge dam bao.

N6t tém lai. phép chuyén dés thuan nhat cho phép bidu dién dudi dang
thu gon phép chuyén doi gifia 2 hé toa do. RS ring. néu pdc cta 2 hid toa
A0 trung nhau th phép chuven doi thudn nhat trs thinh phep quay - Nguoc
lai. néu goc quay bang O thi né (ro thanh phép tinh ticn.

Tuong tu vai phép quay. ma tran ctia phép tinh tich tong hop ¢o the
duoc biéu dién dudi dang tich cac ma (ran tinh tiéh thiinh phan:

o1
-

Pl ATy

7] i

Trong do. A mo @ chuyén doi thuan nhat g do mot diem (w he tha
vé he tha /-1,
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2.4. BAl TOAN THUAN CUA DONG HOC TAY MAY

Trong dai da $6 cdc truony hop, tay mity [ mot clivdt dong hd, duoe
ciwu tao boi mot <o khau (L/nks ). duoc 1ol =G inhau nhd ciae khép. Mot
dau cua chuoi ndi vdi gid (Buse), con dau kia udi <1 phin cong tdic. Moi
khdu hinh thanh cing vai khép phia trude nd mét cap khan - khop. 1oy
theo két cdu ctia minh ma moi loai khén daim bao che khau noi sau no cdce
kha nang chuyén déng nhat dini.

Moi khop (thye chat 12 cap khau - khdp) duce dic trung dG 2 joul
thong sa:

- C4c thong s6 khong thay déi gid ty irong qué trinh fans viée cua tay
may duge goi ia tham so.

- Cic théng s& thay doi khi tay may lam viéc duoc got la cdc hien Khop.

Rai loa khadp thong dung nhai trong k¥ thuat tay may la khép truot va
khop quay. Ching d2u i loai Khap co moi hic wr do.

Bai todi thuan nhivn o @G thé (i ni va laidng) Gia plan cong ae o
dang ham 56 eria cae bién khop. Gia st cd mée ey may vol n+/ khiu va o
khép (hinh 2.13). Thé cua phan cong tic so vai i€ toa do goc O -y,5, duoe
mo ta bing vector dinh vi p" vt hudng ciia cde veetor chir phuong . s, ¢

Phép chuyén dai toa 4o duoce bicu dién bing ma irin chuyén doi thuin nhat:
o Ty s g) @@) pia)
T (q) = ' ‘ i

Lo o 0

(2.32)

| I |

Trong &9, ¢ 14 vecior n phan o, gony cac bic Kiép: p L vecior dindi v
0, s, ala cée sector chi phuong cua phian cong e, cing chinh fa vecior don
Vicla cde true wa do. NEu phan cong tic 1 tay 2ip thi gév ioa dé dit vio
tam quay; vector ¢ dat theo phuony iién dén vat; v nam trong mat plidng
truot clia han kep; 1 viong géc vai ¢ va s theo quy tic ban ray phai.

Mot trong ubiing phuong phap gidi b todn thuan ls dung wue tep
hinh hoc giai tich. Vi du. dot v treodug dop co cdu 2 khau phiang {(hinl:

2.1 tacod:

TKy higus, = sin(g+..4q,), €, = cos(gtrq).

L]
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'/’O(q)z[no s d’ p“]: 0 s\ a, p,
0 0 1 Los! ad p!
0 0 0 1
0 s, ¢, ac +a,c,
10—y sy @S rays),
1 0 0 0
0 0 0 1 J

Phuong phdp tinh toan truc tiép chi dp dung duge cho cic ca cau don
gian. Dé cé the giadi cac bai todn téng quat can mot thuat giai chung. Mot
trong nhimg thuat giai nhu vay xuat phat t quy tdc Denavit-Hartenberg.
dugc Denavit va Hartenberg xay dung vao nam 1955, D6 1a quy tic thiél
lap hé thong toa do6 trén cdc cap khau - khdp trén tay may. Dua trén hé
toa do nay cd thé mo 14 cdc cap bang hé théng cac tham s6. bien khdp va
ap dung mot dang phuong trinh tdng quat cho bai toan déng hoc tay may.

4
Yo

Hinh 2. 13: M6 1d thé clia phdn cong Hinin 2.14: Chudi phdng 2
tae khau
2.4.1. Mo ta quy tac Denavit-Hartenberg
Gia su trong chudi dong hoc cia tay mdy ¢6 » khau. khau thit / néi
khap thu 7 véi khép thie i+ / (hinh 2.15).



Truc khop -1 Truc khdp i Truc khop 1+

\

\.
W
\.

\

Hinh 2. 15: Biéu dién cde thong 6 dong hoc theo quy 1ic Denavit-
Hartenberg
Thco quy tic Denavit-Hartenberg thi hé toa do duge gin 1én cdc khau.
khép nhur sau’;
- Pat truc toa do =, doc theo truc coa khdp sau (thit 7+/).
- Pat goc toa do O, tai giao dicm giita z, va phdp tuvén chung nho nhat
cua truc z, va £, ,. Giao diém cua phdp tuyén chung véi truc -, , 1a goe O

Cua h¢ () l-xl .yl Z

-

" PSi voi quy tac Denavit-Hartenberg, ¢6 mot s6 truong hop dac biét, cho
phép don gian hod thu tuc tinh todn:

- Dé’i} véi he toa do goc chi ¢ phuang cla tryc z, 14 xde dinh. Gée O, va truc
A, 6 the chon wy y.

- 61 v6i he tha a1, chi ¢o phuong clia truc x, 13 xdc dinh. Truc £, ¢6 thé chon
wyy. _

- Khi 2 khap lién nhav ¢6 truc song song. vi tri cha phap tuyén chung ¢6 thé
ldy bat k.

- KEi truc ctia 2 khap lién nhau ¢6 true cit nhau, phuong cla truc x, ¢o thé
chon bat ky.

- Khi khdp thit / 1a khdp trugt thi chi ¢d phuong cia truc z:_, la xdc dinh.
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- Pat wrue toa do x, theo phuong phdp tuyén chung giira =, , va =, hudng
tlr khdp tha ¢ (@én khop thie i+ /.

- Truc y, vuong gbc vai x, va z, theo quy tac ban tay phai.

Sau kil auge i€t lap, vi tri cua hé O-xyz so v hé O, -x v,z

hodn oan xde dinh nhd cidc thong 86 sau:

-a,= O 0" khoarig cdch gitra 2 khdp lién tép theo phuong x,.
-d = O,_, G khoang cach gita 2 khdp lién 1iép theo phuong -, .
- @ ROC guay quann truc x, giia 2, , va o,
- 90 g6 Yuey yuanh trge z,, gida v, va .

Trong 4 mong sO uén i «, va ¢, chi phu thuge vao ket cau cua khau
thit 7. Néu id Kndp quay tht & [a bicn. con d, = conyt. V6i khap truat thi d,
[a bién., con & = const.

Peén day, ¢6 the mo ta phép chuyén toa do giGa hé i va hé i-/. nhu sau:

- Tinh tién ¢ O, ~x,,v ,z+, doc theo truc z,, mdt khoang . sau do
quay méi goc & a¢ nhan duge hé O'-x’ v’ 2°. Ma tran chuyén doi thudn
nhat twong tng la:

o
S

' 0 0 1 d
Lo 0 0 0
- Tk ién hé O'-x" v, 27 vira nhan duge mot khodng «, doc truc x,, sau
A6 guay aS quanii ruc x, mot goc a, d€ nhan duge hé O -vyz. Ma tran
chuyén déi tauan nhat twong ing 1a

0 0 |,
4 P 0 L ‘2! - \I(II O
<%, 1 ¢
0 s, ¢, 0
0 0 0 1
- Mia tran tong hop nban duge bang cach nhan hai ma tran trén:
e Lo . .
| Con -4 \’J.'(' o 3 N ) o al(’.‘Jl
Lol C,C -C,$ as
i1 - Smo4t il M R/d] 19 ~ N
ATy )= AT A = ) A ; (2.33)
I { R ¢ d,
}_ 0 0 0 ]



Chii y rang. ma tran chuvén vi tr he 7 dén hé /-7 1a ham cua cic bicn khap
3 (néu khop thit 7 1a khdp quay) hodc d, (néu khdp thir 1a Khép truot).

Mot cdch tdng qudt, quy tac Denavit-Hartenberg cho phép 16 hap cic
ma tran chuyén vi riéng r& thainh mét ma tran chuyén vi thuin nhat. biét
dién vi tri va hudng cta khau n so véi khau co so.

hooou a

n.oos. a, P,

L kY Y

n' st al p('

T _ vy . .
/“ ((l) - ( 8] U 1)
n. s a. p

o 0 0 ]

= A g AN g) A g,y 203

Quy tdc nay c6 thé ap dung cho chudi hd bit kY irong k¢t cau tay mdy.
nhu bicu dién trong hinh 2.16.

] e
—— T

[inh 2. 16: Serdis chuvén vi ctia phdn cong 1ic so vor co sd

2.4.2. Mot s6 vi du ap dung quy tac Denavit-Harterberg

Co cdu 3 khdu phing

Co cau co 3 khép quay véi cdc triuc song song. it iruc x doc thea
phuong cta cac khau, con cdc tham so d, = (). Cic bién khdp ta cic goc
quay 9. So d6 dong hoc va bang tham so Denavir-Iarienbers nhu (rén
hinh 2.17.
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Bang thong s6 Denavit-

.Hartenberg
: — -
Khﬁu—! a o d, | 3,
1 \ a, ‘ 0 019
2 a, | 01 0 8§,
3 ¢ ‘ 0|0 89,
_ - el el

Hinkt 2. 17: Co cdu 3 khau phang

Vi cac cap khau - khdp ¢6 két cau twong e nhau, nén tir (2.34) ¢6 thé
viét ¢cd 3 ma tran chuyén doi thudn nhat dudi dang nhu nhau:
l" -5 0 al,c',—l

s 0wy |

A9y = (vii=1,23)

0 0 1 0|
0o 0 0 1]

Ma tran chuyén vi (2.34) bay @i trgd thanh

[cm s 0 ae +asey +acy,
Tq) = A4 A7 = S G O g+ aus, Fausy, (2.35)
i 0 0 ] 0
0 0 0 1

trong dé q=1[9, 9, 91"
Co cdu toa do cdu
Co cau tay may cau va bang tham <o cta no duoc cho trong hinh 2.18.
Vi z, va 2, cat nhau, nén d, = ().
Tir (2.34), ¢6 thé viét cdc ma (ran chuyén vi thanh phin nhuy sau:
(¢, O -5 O
) s 0 ¢ 0
A= L 0 o
{o 0 0

—_—
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¢, 0 5, 0
| s, 0 ¢, O
Aw (\91 ) =
T 0 1 0 4,
0O 0 06 1
1 ¢ 0
. 01 0
A'l_(lg'() = -
0 0 1 d,
0O 0 0 1

Bang tham sé Denavit-
Hartenberg

0 d, )
3 0 0 i d, 0
Hinh 2. 18: Tay mady kiéu toa do cdu
Ma tran chuyén vi téng hop
CC =8 €S, 68dy-sd,
, | §C c, 85, $5.d,+cd,
T}()((l) — /1|()/1£A‘- - 12 1 172 723 172 (2 36)
' i -5, 0 cy ¢,d,
0 0 0 1

trong dé q =19, 9, 3.]".

2.4.3. Ving hoat dong cua phan cong tac

Nhu di ndi d trén, vi tri cia phan cong tac duge dai dién bai vi trif cha
g6c toa do gin trén nd so vdi hé toa do chung, nghia la bdi vector p.
Tuong tu, huéng coa phan cong tdc duge mé ta thong qua bo cac tham 50
MRO va, mét cach hinh thie, ta biéu dién bang vector ¢. Tong hop lai,
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the clia phan cong tic duoe hicn dicn bang vector (m x 1), v m < 56
Licn bhap o
[ p
L/ 1 (2. 37)

Bicu thie nay ding mot s& luong 61 thicu cic thong o doc ap nhau
dr mo @ thE e phin cane tic. NG cing bicu dicn ving, (rove dS tay

miy co the hoat déng thee ddng chite ndng et 1d. goi 1 vimg hoat dong.

Vector (n x 1) idu didn micn grd i cha cic bich khép g, got 14 £hong

Gian Koy

——— ]

’./:' “(‘\)J

tong do. g = 4o cho khao gtiav: ¢, = d cho khop truot.

g cich nie ¢ he Vidt phirmye (firh dong hoe o tay midy Judi
dang khide:

v= Ay (2 2G)

Y due vt eo cau 3 Rhav phang (hinh 2.17), ¢o the nhan thay vi b cia
phen cong tde duoe xde dink nhdr 2 ten do p,op o, con hrdnge caa phan
Ccone tae duoe ac dinh gha goc ¢ gitta nd v e v, PO chicu G
(2355, ¢6 the bISe didn vi e ¢ phin edng e thong qua 2 phan (i diu
cua coi thii i con huidng cus nd cua goc 4= 4, + .5 + S,

L

o r
!_.i’-. ! [ oo+, !
I ! | |
v | = k) ri s+ Ny S|
| (//' } i 19\ + 8+ 19\ ‘

26 cing chinh [ truomg hep rigne cua (2.37). bieu didn ving hoat
dcre e tay mdy R khao phane.

“Aot trone iheng thory <6 dong hoc auan trong cla tay may 1a vy
v vioe (Workspace) cha nd. B35 14 khong gian mi goc ioa do cla phan
cony e oo he védi b duge, ute 1 khone tinh dén sy dinh sudng cda
phan cong tae, ol khi ngudi G phai bidt viing Yam viee néi teén (goi [a
Reachable Workspecey véi viing lam vice ¢6 tinh dén su dinh hudng cua

rhan cong vis (Deverons Workspace).
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Thé tich va binh dang cla viing tam viée phu thuée vao két cau cia tay
mdy va gidi han (mién gid tri) cla cic hién khdp. DSi vdi tay mdy ¢6 n
bic tu do. viing iam viée 1a tap hop moi vi tri ¢6 thé cha phan cong lac,
nhu ma & trong phuong trink dong hoc:

pP=Eolg) ¢ <ag, Sqyt=1..n

trong do, g, (¢..) 1 gid i gid han duéi (trén) clia moi bién khap.
Viing lam viée nay o cac tinh chat: o6 giol han, khép kin va lién thong.

Bicu dién hinh hoc vung cong tdc cua tav may la dié¢u phitc tap. Tuy
nhi¢i. ching ta cé the hinh dung vé ving 1am vice cda tay may thong qua
mot vi du don gian. D6 12 ca cau 2 khau phang (hinh 2.19).

A
qz

T qz_u h
? 9
m v ]

7 ‘}2:() ¢ >
L |
,Zvn 4

Hinh 2,19 Pliong phap xdv dimg

vine lap vige cna co odu 2 khdau phiange

Ciu hinh v the cha cang tay dirae thé hién bang hinh chit nhat kin
ahe feda. Poan ¢l trong Ing VAt ¢, = ¢y, cOn ¢, bién thién t ¢, dén ¢,y
Ta vé duoc cung AB treng ting trong hioh bén phai. Cung BF tucng (ng
doan df 1 ¢, = ¢, CON ¢, gilam 0x ¢, dén ¢, Trong n, ta v& duoc cic
cung FE, CA Ving cong tic con dirgye hinh thanh boi cung CD g vai g,
= (). ¢chn ¢, bicn thién tir g, d¢n ¢,

2.5 BAI TOAN NGUOC CUA DONG HOC TAY MAY

Bii todn thudn cta dong hoc tay mdy cho phép xic dinh thé cta phan
coNa (ic, va ¢b thé ca vitrg 1am viée cla nd theo guan hé véi cdc thong s
dong boc cua cde cap khau - khdp. Bii todn nguoc nham xidce dink ho
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thong s6 dong hoc dé dam bdo chuyén dong cho trude ciia phdn cong tdc.
Theo biéu thitc (2.34), néu c6 bd cic thong s6 xac dinh thi c¢é thé xdc
dinh 7 %(q) mot cach don tri. D6i véi bai todn nguoe thi khong han nhir
vay, vi: ’

- Cédc phuong trinh cd dang phi tuyén va siéu viét. thudong khong cho
16i giai ding.

- C thé cé nhiéu 15i gii.

- C6 thé gap nghiém vé dinh, vi cdc lién két thira (giong nhu két ciu
siéu tinh).

- C6 thé c6 nghiém tim duge bang toan hoc lai khéng chip nhan dugc
vé mat vat 1y, do cac rang buoc vé két cau.

Tinh da nghiém cia bai toan nguoc khong chi phu thudc vao sé cac
bién khop (tirc 1a s6 bac ty do) ma ca vao s6 lugng ciac tham s6 khac
khong trong két cau. N6i chung, s6 luong nay cang 16n thi s6 161 gidi
chép nhan dugc cang nhiéu. Vi du, tay mdy 6 bac tr do c6 thé cé tdi 16
nghiém. Diéu d6 doi héi phai co cdc diéu kién phu vé co cau dé giam s6
nghiém nay.

Viéc tim ki€m mot nghiém phil hop doi hoi & ngudi thi€t k&€ mot truc
gidc vé toan hoc va vé két cau dé du doan nhimg diém hoic khu virc kha
di giam dugce s6 nghiém cdn chon lua.

2.5.1. Co cau 3 khau phang

Co c4u 3 khau phang dugc hinh dung nhu trong hinh 2.17. So sanh
phuong trinh dong hoc clia né (2.35) véi phuong trinh déng hoc téng quat
(2.34) ta c6 thé xac dinh toa do clia diém W (goc toa do cha khop 2):

P, =p, —ac,=agc, +a)c,2} 20

P, =p,—a;s, =a,s,+a,s,,
Mat khdc, tir hinh hoc cha co ciu, ¢é gidi han vé géc nghiéng cta phan
cong tac vai than:
p=%+ 9+ 9 (2.41)
Binh phuong roi cong 2 vé& cia (2. 40) s€ ridt ra duge

2 ? 2 )
W W — 4
Pw + D a, a,

¢y

2aq,a,

42



Tt nhién, ¢, phai thoa man diéu kién -/ <¢, </.

Tirdé ta cé s, = /1- ¢ .
Trong dé, dau cong tng vdi thé ban tay hudng 1én, con ddu trir ting véi
thé ban tay hudng xuéng. Vay:
8. = Aran2(s,, ¢,)
Thay &, vao (2. 40) r6i giai h¢ phuong trinh d6, nhan duge
(o, +aye,)p, —dy8,p,,
"o P+,
’ (@, +a,cy)p,. +ay8,p,
o P+ o
9, = Atan2(s,, c,).
Cugi cung, tinh duoe: 3, =¢- 4, - 9,
2.5.2. Cu cau cau

Co cau cau (hinh 2.18) va phuong trinh dong hoc cia né nhu (2.36).
Can xac dinh gia tri cda cdc bien khdp 9,, &, d, wong ing vi tri xac dinh
cta diém goc toa do W trén phin cong tac. Dé thuan tién, vi tri cha W
duoc xic dinh theo hé 1. Vay, tir (2.36) ¢6 biéu thiic
¢, 0 s, d.s,

(Al(])_]'[}OZAlA-?: s, 0 —¢, —dio,
2T 0 1 0 d,

6 0o o 1

Binh phuong 3 phdn tr diau cua cot thit 4 clia ma tran trén 2 vé, duoc
biéu thitc chi phu thudc &, va d

P. G+ DS dys,
plw= - p. =\ —d.c, (2.42)
—p.s F P, d,

D¢ giai phuong trinh, dat

1 =1an(%/2)
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\ 1—/% o]
dé cho ¢, = —— ‘A 5, =———.
141 1417

Thay ching vao vé trai cua (2.42), duge phuong trinh
(d, +p, Y +2p t+d,—p, =0

(Giaj ra, ta duoc:

-p, T [p:u +ple —d]
’: -

d.+p,

vdi diéu kién biét thitc phai duong. Hai nphi¢m tuong (mg véi 2 thé
khac nhau cta ban tay 1a

9, =2Atan2(-p, J_r\fp'ju, +pe —ds dy+p, ) -

Ttr hai phan tr dau cua (2.42), nhan duoc

l)u', C[ + A’)N'I “Il _ d«\SE
- D, - d-c,
Tir d6: - 8=Aran2(p,c,+p,. s, p, )

Cuéi ciing, binh phuong va cong 2 phan tir dau cta (2.42). due:

d, =

Jpec+p, s )+

véi diéu kién d, > 0.

2.6. BAL TOAN VAN TOC

Trong di¢u khién robot. can phai quan tam dén quan hé gifta cdc khau.
khdp va phan cong tac khong chi v thé ma cd vé van tdc va gia toc. Bai
todan vi tri da duge ap trung trinh bay & cdc muc trén. Van dé gia toc lién
quan dén dong luc hoc s& duge xét trong chuong sau. Phan ndy s&é noi vé
quan heé giita van toc chuyén déng tai cac khép (got 12 van e khdp - Joint
Velociry) vai vin 16c cia phan cong tac trong mot h¢ quy chicu xdce dinh.

2.6.1. Jacobian hinh hoc

Gia su mot tay mdy cd n bic tu do. Phuong trinh dong hoc cia nd ¢6
dang nhu (2.32), duge vict gon lai nhu sau:
[R(4) _,‘J(qﬂ

T(g)=;
Lo |

|
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véig = g, ... q,]" 1a vector cic bién khap.
Cin xdc dinh quan hé ham s6 gilta van toc thang p va van téc géc w
cua phan cong tac véi van tée khdp ¢ ¢
p=Jlq)q; w=J,q)q
trong d6, J, va J, la cic ma tran (3 x n), wong tng bi¢u dién anh
hudng cua cdc van t6c khdp ¢ dén van tde thang p va van toc 26¢ w.

Cé the viét phuong trinh trén dudi dang gon hon:

Wz .
v=| w =J(4)q . (2.43)
L@
] -/,'Il //!‘1 A‘
trong dé.J = { "w = la ham s6 cia cée van tdc khép va
/( 4 . -
- ./()I .}(m_

dugc goi la Jacobian. Vi né duge xdc dinh bang phuong phip hinh hoc
nén mang tén la Jacobian hinh hoc.

Pé tién cho viéc tinh toan Jacobian can phan biét truong hop khdp
truot (¢, = d)) va khdp quay (g, = 9).

Truong hop khop truot

- Cho van toc thang, vig, = d, nén: ¢,/ = dz, . Vivay j =z,

- Cho van toc géc, vig; = 8,nén: ¢, j, =0. Vivayj, =0.

Truong hop khop quay

- Dai vdi van téc thang, nhu trén hinh 2.20, ta ¢6:

Gip = Gy XT gy = 3 Lo XAP - Py
Vi ¢= 9 nén cudi ciing ta cé: S = S X(P - P
- Cho van t6c gée, vig, = 9. nén: ¢,j, =9z . Viviy j, = -

o I

Téng hagp lai, cé cong thic tdng quat dé tinh Jacobian hinh hoe nhu sau:

{/I‘J
/()‘

:\ cho khdp truct

{ .X(p p,.l)}

(2. 44)

cho khap quay
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Hinh 2. 20: So dé tinh roan anh huong cua van 1éc khop quay dén van

16¢ thang cua phdn cong tdc

2.6.2. Jacobian giai tich
Mot phuong phdp khac d¢ xac dinh anh hudng clia cic van 16c khép
dén van toc cla phan cong tac la dua vio vi phan phuong trinh dong hoc,
vi du phuong trinh (2.37). Vi Jacobian loai nay tim dugc bang phuong
phdp giai tich nén né dugc goi la Jucobian giai tich.
Van téc chuyén dong tinh tién cla phdn cong tic so véi hé co sd duoc
tinh bang céich 1dy dao him cua toa do p(¢) theo thin gian:
. Oop . A
1ﬂr;q=JAmq

o

Tuong tu, van toc quay clta phan cong tac duge tinh bang dao ham cua ¢#g):

. 0 . .
¢=~94=Jﬁqm
oq

Tong hop lai, ta ¢6 phuong trinh tdng qudt d¢ biéu dién anh hudng cia
cac van toc khdp dén vin tdc cta phan céng tic nhu sau:
RV AREACHE :
X=|"|= 4=J,(9)q (2.45)
{Qj {jw((n ’
trong d6 Jacobian giai tich
ok(q)
Jilg)=——
0q
N6 khac véi Jacobian hinh hoc Vi @ # ¢. Dua vao cdc quan hé dong
hoc trinh bay & trén, c6 thé tim ra mai lién hé giira ching.
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Chuong 3
DONG LUC HOC TAY MAY

Dong Iuc hoc tay may nghién ciiu gquan hé gifa lgc, momen, nang

luong,... véi cac thong s6 chuyén dong ctia né. Nghién ciu dong luc
hoc tay may phuc vu cho cac muc dich sau:

- Mé phong hoat dong chia tay may, dé khao sat, thir nghiém qua trinh
lam viéc ctia né ma khong phai dung tay may that.

- Phan tich, tinh todn két cau cua tay may.

- Phanp tich, thi¢t ké hé thong diéu khién tay may.

3.1. PHUONG PHAP LAGRANGE

3.1.1. Co s6 chung

Phuong phdp Lagrange dua trén mai quan hé gilta tong nang lugng cua
hé théng véi lie 16ng qudt, trong mot hé 1oa d¢ 16ng qudt.

Gia sir da xac dinh duge mot tap hop ciac bién A, i = 1,...,n vdi tu cich
1a hé toa do téng quit dé mo ta vi tri cdc khau clia mét tay mdy n bac tu
do. Lagrange clia co hé 1a ham s6 cua cac toa do tong quat:

L=T-U (3. 1)
trong d6 T va U tuong ing la dong nang va thé nang cua hé théng.

Tir d6, ¢6 cong thite Lagrange nhu sau:

d oL oL

dt 62; oA,

=& i=l..n (3.2)

trong dé, & 1a luc tong quat lien két vai hé toa do téng quit A,.
Doi véi tay mdy cd két cau chudi dong hd, chon hé toa do tdng qudt 1a

vector cac bién khdp

=4 (3.3)
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Luc 10ng qudt ¢é (thé bao gdm momen trén true dong co chap hinh
(lyc phdt dong), momen ma sal tai cde O lrue, luc wong tic gifta phan
cong tdc vai doi tuong,...”

Nhur vay. d6i v6i trudng hop tay mady, cong thite (3.2) the hién quan hé
gilia luc tong quat tic dong lén hé thong vau vi tri. van 16¢ va gia 10c cua
cac khdp. T d6 ¢6 thé xay dung mé hinh dong lue hoe cho tay may.

Pé hiéu 1o vé cong thic Lagrange, ching ta xet vi du sau:

Hinh 3. 1: Md hinh
dong hoc cua truc
dao dong

Xét mot truc dao dong nhu hinh 3.1. Motor dién ¢d momen qudn tinh
/,,. thong qua hop giam toc ¢6 ty s6 truyén bang &, > /. Nho dé, vruc duge

truyén mot momen chi dong T va ¢6 van téc & . Vat quay ¢6 khai lugng
m, momen qudn tinh / va toa d0 trong tam dat cach truc mot khodng /.

Chon ¢ lam toa dd tdng quit. khi d6 dong nang cua hé thong:
l oY 1 AN
T==18 +—1 k &
2 2
Thé nang ciia hé thong:

U =mgl(l - cox9)

Thay vao (3.1), dugc;

1 A2 1 242 o
L= 51:9 +5],,,k,- 3 -mgel(]l - cos $)
o4 1,k 9, 4ol _ 5. 1,k
o dr &8

T "Lue” ¢ day khong theo dung khai niem vat 1y, nén "momen” dong nghid

v lue.
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O, .
—- = -mglsin @
o
Thay cdac k&t qua tinh trung gian vao (3.2) vi chi ¥ lue tong qudt &
) q g2 ) ¥y 24 >
2O6m momen phat dong 7 va momen ma sat /% . duoge
(14 1,k7 )3+ melsin9=5-1 19
Cuoli cung ta ¢6 mo hinh dong luc hoc cua he:
([ T /.uk;-‘ ]lg t l“lg 4 mg/hin «9 =7
3.1.2. Tinh dong nang
Pong nang 7" cha he thang gom dong nang chuyén dong cua moi khau
T, (goi tdt la dong nang chuyén dong) va dong nang cua ¢o cau phit dong
lai cac khop 7', (got tat la dong nang phat dong ):
.

T=>(T +T,) (3 4)

!
=4

Dong ning chuyén dong T, ¢6 the duge tinh theo sa do trong hinh 3.2:

I, = lj J' plplpdl (3.5}

trong d6 p~ la vector van toc dai. p 1 khoi lugng ricng cua phan 16 1he

tich V', V', 14 the tich cua khau tha

p.o= P, o %

Hinh 3. 2: Serdo tinh dong nang Hinh 3. 3: Sodo tinh dong ndang
chuyen dong phat dong
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Sau khi tinh cic thanh phan dudi diu tich phan cua (3.5), ta nhan thay
dong nang ', ¢6 3 thianh phan: tinh ticn. qua lai vit quay. Téng thanh phan
chu yéu la tinh tién va quav. sau khi tinh cic tich phan tuong dng, bang:

T = l myg ST G i G ITRIIR G (3.6)

Ngoai cic ky hieu di ding ur trude, cac ky hi¢u trong phan nay duge
quy udc nhu sau:

T - dong nang

U - thé nang

m - khoi luong

J - Jacobian

[ - Tensor quin tinh tuong ang vor khoy tam

Chi 6 / tuang tng vai khaw (1ink); m vai dong co (motor).

Pong nang cua motor cing duge tinh tuong tu. Gid thiét ddng ndng
cua stator duge tinh vao dong nang cta khau mang né. Phan phai tinh 1a
dong nang cla cac phan chuyén dong, quy vé rotor. Mot gia thiét nia Ja
dong co didu kiién khép thid 7 s& duoc gan trén khau thit i~/

Véi so do trong hinh 3.3, dong niang c¢ta motor duge tinh nha céng
thic sau:

- 1 o 1
I, = S PPy ¥ 5@ I, @ (3.7)

e T oun mr

trong do cdc thong so cua rotor: m1,, la khéi luong, p,, 1a van toc dai, 7,

la tensor qudn tinh cuda rotor d6i véi khoi tam cia nd, @,, 1a van 16c géce.

nir
Ta nhan dugce céng thie trong tr nhu (3.0):

/ y ot o / - iyt ‘mrs -
=m, gl ST ’q+2q'./“ CRILRL I (3.8)

7:71/ > e v mi s ot

Cong dong nang ctia tat ca cdc khau tuong ung véi céc biéu thic (3.6)
va (3.8) duoc cong thire tinh ddong nang cua toan hé thong:

o TS O | . .
7 :5;;1)”“/)(/4/! zsc/ Blg)q . (2. 9)

'I'rén thue t€, cdc motor dude gan gan than d€ gidm nhe cdc bo phan chuyén
dong. Khi dé "motor” duge bicu 1a khau truyén dan cuéi cung. Cing ¢é khi
motor duoc gan triuc 0Ep lén true quay.



(. M)

.3. Tinh thé nang
Viée tinh thé nang cua hé thong cling xuat phéit tr iinh (k¢ nang ¢

1mge khau va cua timg motor
!
C-Y e,
-1
Gia thiét cdc khau ran tuvet doi va lue duy nhat gay nén thé nang i

trong lire. khi dé thé nang cua cdc khau dude tinh boi cong thire
popdb = —m ¢’ p.

U, =- '- i,
cector gla 1O¢ trong truong rrong he caso. nghia la
* '_ - =

¢, la vee
[0, 0. ¢] néu truc 7 duoce dat theo phitoug thane dimg

trong do, g,
gll -
Th¢ nang cua motor
Z"I'.- i = _in»u (g"ll)
Thay 2 thanh phan trén vao (3.10). duge cong (ke cudi cung cua the
nang:
LII’ = _Z (’n.'.' g(’) }7.'.' + nlm jﬁl)]‘u}l ) (‘{ ]l)
r=l
a p,\a p,, chi phu thuoc vio bicn

Chu ¥ ring thé nang tinh théng qua p,
khop ¢ ma khong phu thude cic van 1oc khap ¢
3.1.4. Phan tich y nghia co hoc cua mo hinh Lagrange

Thay (3.9) va (3.11),vao (3.1). ta tinh duge Lagrange cta hé thong
Lig.qg)=T(q.q)-U(q)
.I. ‘-\I- ‘—

‘l n "
= _-) ZZ});. (({)‘, (] ) + 2‘ }7) Ur)}) I(/) + /”nl ™ /) ((/))
be¢ xay dung‘mo hinh dong luc dang (2.2). ta phan tinh cac dao hain
Jb, (q)

ih (¢)q, +Z
7-1

a’(_c,l d E;’T
dt &y, 1
1 - noon ab”(q) o
_Z}’.-.-(‘/)‘l. +ZZ ~ 9.9,
i P 4
0T 1L oh,(q) .
=— —q, ¢
22—12‘ Oy, o
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D( ' ~ . (’\7) ! (/‘})m.'
~ = _Z('”(, oo b, 8, Ta )
oq, cl C"L]I oy,

= _Z(m,.,gl",./:..'t"(q) +m, g ) — g )
[

Thay vao (3.2). nhan dwoc phuong trinh chuvén dong:

Zb.--(‘l)‘j, +ZZ}7W (g, g +g(@)—4& i=1...n (3. 13)

Seloe

) fb, 10,
wongdor  h, - o0 - -
S dy, 2y

Tir (3.13) ¢6 theé rdt ra cac nhan xEt sau:

- H¢ 86 b, bi€u thi momen quan tinh tai truc cua khdp thit /. dai dién
cho anh hudng cua gia toc cua khdp j dén khop 7.

- Thanh phan #,, biéu thi thanh phan ly tam doi vai true 7 cba van 16¢
khép . Vi b [y, = Onén h, = 0.

- Thanh phan h,, ¢ ¢, bi¢u thi hi¢u tng Coriolis cua khdp j va k doi
vl Khop .

- Thanh phan ¢, bi¢u thi momen doi vat khdp i do gia toc trong trudng.

Pé cho diy du hon, trong phuong trinh chuyén dong (3.13) can phai
¢ mat momen ma sdt va luce trong tic cua phan cong tac dén doi tuong.

3.2. PHUGNG PHAP NEWTON-EULER

3.2.1. M6 hinh dong luc hoc

Vaéi phuong phip Lagrange. mé hinh dong luc hoc cua tay mdy xuat
phit tir tong nang lugng (Lugrange) cba hé thong. Phuong phap Newron-
Euler xay dung mo hinh dua vao su can bang cua hé luc tac dung 1én he
thoéng. N6 hinh thanh hé phuong trinh, ¢é thé giai bing thuat todn dé quy
(recrrsive).

Hinh 3.4 1a so do tinh dong luc hoc theo phuong phdp Newton -Euler.
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Truc khop

P
f Truc kirdp 1+ 4§
1

Hinh 3. 4: So dé dong hoc dan dén cong thiie Newton-Euler

Gia str khau tha / cua tay may co kem motor dan dong khép tha @ + /
véi cac thong so két cau sau:

m;- khoi luong cta khau thit /.

I- tensor quan tinh cta khau thu 7,

/,,- momen quan tinh cua rotor,

F, ;- vector tr goc cua i-/ dén trong tam C .

1 .- vector tir goc cua i dén trong tam (',

r, ;- vector tir goc i-/ dén goc I.

Cac van toc va gia 16¢ duoe dira vao tinh toan, gom co:

P - van toc dai coa trong tam C,

p - van toc dai ctia goc toa do 1,

@ van toc goc cua khau 7,

@, - van toc goc cua rotor truc i.

P - elatoc dai cua trong tam C .

P - gia toc dai cua goc toa do 1.

@ .- gia toc goc cua trong tam C,

@ - gia toc géc cha khau /.

@

gia 16¢ gdée cua rotor,

i =

2,- gla 10c trong truong.

n
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Chie foan lue va momen tic dune, gom:
J - lie ca khau 7 tic dung ten Khau /- /.
{i.,- due cua khau 74 1 tdce dung éa khau i,
J0- monten cuid khau 7 tae dung 1én khaw - /. oinh theo truc - /.
4, ,- momen ctia kbaa 7+ / tie dung lén khau 7. tinh theo tryc /.
Chuven dong tinh tien cda irong tam duge mé (& bing cong thite New fon:
fo—t e, =P (3. 14)
Cong thiie Fuder duce dung cho chuven dong quay cua khau, trong dé
cic momen duce tinh dor vt toa do trong tam va troug luc mg, khong

2ay nén momen. vi no duoe dit ngay i tong tam:

/ -
;1[- ! / >\'“. e —/l[.-l /I-i g }‘,'l.' - _(_- {I(U.' +kﬁ'Il(-l-o",'ut-‘.:-‘ﬁul) (_?/1)'
dr o
Hao ham cua thanh plian thr nhat ¢ vé phai;
/ :
g (faoy=1lo ~mx(] o), (2106
dt ' '
a0 hiun cua thianh phan thir hai:
I . .
¢t (g1, . 0=d. 1, .. +q 1, 0%z, (3.17)
H '
Thav (3.16) vi (3.17) vao (3.15). nhan duoc cong thite Euder:
o foxr o —u — ok =1o b w x(lo)
+ k (I | l -':-'-"- ' + k.' : -I(}.--l ]w.'-‘ua) X :nu-l /-? /X)

fare iong quar ¢ the tim dwoe bang cach chidu luce /) (do6i véi kKhap
irwaty hoac momen w {déi v@ khdp quay) 1én true xhdp. ¢ong thém

momen quan tinh cua rotor:

/ . . ,
Joz vk ol vor khap ot
- : Ay :

e . - (3. 19]
poz vk Tz, val khap guay

3.2.2. Tinh gia toc cua khao

("dc cong thiic Newton (3.14) va Fuler (3.18) déu chita thinh phan gia
10¢ dit va gia toe gdce cua cic khau va cac khop.

Tuong tu nhu tinh van toc trong chuong 2, ta tinh riéng cho trutng hop
khép truotr va khap quay.

A
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Tinh gia toc dai
- DI vai khap truot, ky hicu p o, o, fan luot fa vector vi tri cta khop 1-/
va khop £, 1, 1a khoang cdch gitta 2 truc cua chung, o, 1a khoang dich
chuyén theo khdp /. ta co:
p,o=(p ”‘?.—'. AT,
Pao ham van tdéc p, theo thoi glan, dugc:

D,=p_+dz_tdo xz_, iooxr o xdz o x(o , xr )

{

Thay 7, ,, =d .z, , v, ,xr . viophuone temoréen. duge:
po=p,+dz A 2do xc o oxr koo x (e xr ) (3.20})

- bai vai khép quay:
b= Pt xr
Pao ham van téc p . theo thot gran. duoc:
po=pooAo <r i (o xi ) (2.21)
on 3 lai. ta cd cong thic finh gix tée goc cua khau tha £ nhu sau:
T hop lai. t g thudc tinh g toe § khau tha / nhu
ptdz  +2dw <z, +o xr |+ o x{(mxr_ ) (1)

po=yl
D, @ xr_ o x(@xr ) (2)

(3.22)

truomg hop (1) dung cho khdp truat, truong hop (2) cho khép quay.
Tinh gia téc goc
- Déi vai khdp truot, vi @ = @, , nén:

o =0, , (3.23)

- Dot vai khép quay. vim, = o +9 7, nén:
. P - . - EWE
™ =0 +9z  +%0 _xz (3.24)

Tong hop lai, ta ¢6 cong thic tinh gia t6¢ goc cha khau thit / nhu sau:

‘ J(i),_‘, vai khop triot
o =3 .. . . o (3.25
la)l. ,+ 3z v 9w <z vai khop quay
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Chuong 4
CO SO DIEU KKIEN ROBOT

Pong hoc va dong lue hoc tay mav phuc vu vice phan tich két cau cua

tav may. dong thdi cing dal nén mong cho thiét ké tay mdy. Mat khic.
nMOE quan he gitta cdc hicn Khdp v@i the cua phan cong tic trong vung
hoat dong cua nd. gitta ¢dc thong & dong hoe (thé, van tdc. gia 16¢) coa
cac khau. khép vai cic thong s6 dong luc hoc cia chidng (momen tai cdc
khop. dong ning va thé€ nang coa cdc khau,..) ¢ling rat can thiét cho viéc
thi¢t K¢ bo phian phdt déng. Vé co ban. cac noi dung trén mai dé cap tdi
phan 1y mdv,

NGi mat ciich don gian, RBON 1a miot tav may duge didu khién tr
dong theo chuong trinh. N6 gém dai trang diéu khién (phan tay may) va
hé thong didu khicn. Nhiém vu clia hé thong diéu khién 13 diéu khién tay
may thuc hién cac nhiém vu dat ru, nghia 12 phan céng tic phai chuyén
dong theo quy dao dinh trude va thye hién cac chiic nang cong tdc.
Nphién ciiu vé diéu khién robot dong cham téi cée van dé sau:

- Quan hé gita quv dao hoat dong cia phan cong tac vai cac thong s6
dong hoc, dong luc hoc cua 1ay mdy.

- Luat. phuong phap diéu khién va cdu tric cta hé diéa khién.

- Cdc co cau cta he thong di¢u khién nhwr: co cau phdt dong, cam bién,
bo diéu khién.... cling cdc co cau chuyén ddi va truvén tin hiéu giira
ching.

- Lap trinh cho robot.

Cdc van de ren lién guan dén nhicu nanh k¥ thudt khdc nhau: ¢o khi.
truyén déng dicn. diéu khién tur dong, dién tir, cong nghé thong tin.... ma
ranh gidi gitta ching ngay cang kho phan dinh. Trong chuong nay, ching
ta s€ gidi quyel nhitng van dé rhién vé cor khi trong diéu khién robot.

4.1 THIET KE QUY PAO

Qu¥ dao chuyén dong cia phan cong tac'' la van d¢ chung trong diéu
khién robot. vi d¢ hoan thanh nhiém vu cu the cia minh thi triede hét phan

Y Pe don gian, khi ndi dén quy dao. xin diroe bo cum tir "phin cong tac”
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cong tic phai di chuyén theo ding quy dao xdc dinh. N6i cach khic, quy
dao 12 vé&u 16 co ban dé mo (4 hoat dong cua robot. Viéc thict k¢ quy dao
cung cap dif licu dau vao cho he diéu khién nén ciing 1 co s true tiép
cho viée dicu khién.

Trong tar iéu nav. xin tam phan bi¢t 2 thudt ngd sau:

- Puong dich chuven (Path, la quy tich cuea cac diém trong khong
glan. Vi vay. nd chita dung cac véu 16 hinh hoc thuan tuy.

- Quy dao chuyen dong, goi (at 1a quv dao (Trajectory) bao ham ca
véu (0 hinh hoc ctia diccmg dich chuvén 1an yéu t8 thai gian, nhu van téc,
gia toc.

Vi vay hai todn thiét k& quv dao lién két cde van d¢ dong hoc va dong
luc hoc. Cac yéu 16 dau vao cioa bl toan thiét ké quy dao gém diromg
dich chuvén \a cde diéu kién rang budc vé dong hoc va dong luc hoc.
Ddu ra cha bai todn la guy dao cia phan cong tac. N6i chung, mo ta
chinh xdc duong dich chuyén la rat khé khan. Ngudt ta giam bét cic
tham 86 mo ta biang cdch quv dinh cdc diém bién cua vang hoat dong,
thém cdc diém trung gian ma dudng phdi di qua, xdp xi (noi suy) bang
cac duong don gian, Tuong v nhu vdy, yvéu t6 thadi gian cta quv dao
khong thé xic dinh duoc cho timg diém. ma thutmg quy dirh cho ca doan
duong. Chiing cling thutng duge quy dinh bang cAc gid tri gidi han nhu
van téc hay gia t6c cho phép, hoac gén cac gid tri mac dinh.

Rai todn thict k& quy dao duge dat ra ca trong khang gian khap lan ving
hoat déng. Cic dicu kién rang buoce cba quy dio. nhat ta coa dudng dich
chuyen, thuomg duge mo ta trong viing hoat dong. Nguoc lai. hre chuyén
dong cua hé thdng xuat phat 1ir cdc khdp nén viée xac dinh quy luat theo
thoi gian clia cde bién khép duge thue hién trong khong gian khép.

4.1.1. Qu¥ dao trong khong gian khop

Chuvén dong cia tay mdy thuomg duge mé ta trong vung lam vide
bing cdc diém nit (gdm diém dau. diém cudi cta quy dao, cé the thém
mot s6 diém trung gian) va thdi gian chuyén dong. Vi vay, dé thiét k€ quy
dao trong khong gian khdp phai giai bai todn dong hoc nguac dé xdc dinh
aid tri cdc bidn khop fai cic diém nat. Sau d6. thiét lap cdc ham not suy
g(1) dé mo ta qui dao vira nhan duoc.
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Thuat toan thiét ké quy dao trong khong gian khdp phai dat cdac diéu
kién sau:

- Khong doi héi tinh todn qué nhiéu;

- Vi (ri, van toc va cd thé ca gia t6c¢ clia cac khép phai duoc biéu dién
bang cdc ham lién tuc;

- Giam thiéu cdc hi¢u ing bat loi. vi du qu¥ dao khéng tron tru.

Dang don gian cha quy dao 1a chuyén dong diém-diém (Point-10-point
Motion). Néu thém cac diém trung gian thi két qua ndy ¢6 thé duge khdi
quat lén thanh chuyén dong theo duong (Path Motion). Khong 1am giam
tinh téng quat, chiing ta xét bai toin véi mot bién khap ¢(1).

4.1.1.1. Chuyén dong diém-diém

Chuyén dong diém - diém tng dung cho mot s6 loai robot, nhu robot
han diém, tan dinh, xép d& vat liéu,... Trong dang chuyén dong nay.
ngudi ta chi quan tam dén céc toa do diém dau, diém cudi cla dudng dich
chuyén va thdi gian chuyén dong giita chitng chi khong quan 1am dén
dang hinh hoc cua dudng dich chuyén. Nhiém vu dugc dit ra la xde dinh
quy dao chuyén dong thoa min cdc yéu cau chung va cd thé thém ca viéc
cdi thién mot s6 thong s6 ctia quy dao.

Gia str 7 12 momen quan tinh clia mot vat ran quanh tryc quay cua no.
Can xac dinh quy luat thay déi cla géc ¢ giifa gia tri dau ¢, va gia tri cuéi
g, trong khodng thoi gian #. Luc phdt dong 12 momen 7 tr mot motor. Bai
toan rd rang 1a cé nhiéu 1oi gidi. Ta thém tiéu chudn t6i vu, vi du ning
luong tiéu thu trén motor 1 nho nhat. Tir d6, c6 mot tap hop gid tri ¢ = @
1a o1 giai ctia phuong trinh vi phan:

Io=r1
* thod man diéu kién:

ty
fortidi=q, -q,
4

sao cho:
'y
jrz(t)dz > min (4. 1)

f
L1 giai 10ng quat s& c¢6 dang da thirc bac hai:
a(t)=ar + bt + ¢



Vi vay, quy dao chuyén dong s& ¢6 dang da thite bac ba:

git) = apf + at +a,r+ q, (4.2)
van toc thay doi theo quy [uit bac hai:

G(t)=3a.r + 2uyl + «,
va gia toc thay doi theo quy luat bac nhat

q(t)=06a,+ 2a,

Dé xdc dinh 4 hé 54, cin cho trude 4 dicu kién. Chung thudng 1a vi tri
dau va vi tri cudl ¢, ¢, van 1oc dan va van téc cudi g, ¢ Thuong chon
g, = ¢, = 0. Cubl cung. cdc h¢ s6 trong phuong trinh qu§ dao chuyén
dong (4.2) dugc xdc dinh tir hé phuong trinh:

a,= fl;

a, = q,

W, + adi +al+a,=q,
Sad; + 2ut +a, = g,

Trén hinh 4.1 1a dé thi quan hé gifta vi tri, van toc va gia toc vaéi thoi
gian chuyén dong (s) cho trudng hop: diém (géc xuat phat) ¢, =0, diém
dich ¢, = r, thi gian chuyén dong 1, = /, van téc tai di€ém xuat phat va tai
diem cudi ¢, = ¢,=0.

Giai hé trén véi cée gid tri ban dau da cho, dugc:

y=a, =10
a,=3m a,=-2x
Vin toc ¢é quy luat bac 2 vai gia tri cue dai:
9 s = 32 khit=1/2
Con gia toc bién thién theo quy luit bac nhat vdi gia tri cuc dai:
G = Omtai t =0var=1]

Nhuoc diém ctia quy luat nay 1a gia téc taj diém dau va diém cudi 16m,
sinh luc va dap do quén tinh.

Mot dang quy dao thudng ding trong cong nghiép la dang da thitc hon
hop (Blended Polvnominal). D61 véi quy dao dang nay, thuong chon quy
luat van toc hinh thang (hinh 4. 2).
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vij tri
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0O 02 04 06 OR 1 qA
(s]
gia téc
20 q.
Y
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s 0 t !
=T €
~20 —Qc ___________________

(] 02 04 06 OR i
[s]

Hinh <4 1: Do thi vivi van toc, gia  Hinh 4. 2: Qus dao vor guy ludt
1o¢ var quy luat da thire bec 3 van toc hink thang

Qu¥ dao ¢6 3 doan: khdi dong (tang téc) véi gia téc Khong déi: chuyeén
dong iép vai van toc khong déi: dén dich (gidm t6¢) véi gra toc khong doi.
Quy dao nhan duge gdém 2 doan parabol. not nhau bang mot doan thang.

Gia thiét g, = ¢, = 0 va thoi gian tang t6c va (hoi gian giam 16¢ bang
nhau (§ ¢6 gid tri bang nhau & doan dau va doan cuéi). Cic diéu kién
teén din dén quy dao dot ximg voi diem gitta g, = (¢, - 9,)/2 tai 1, = 1/2.

Pé dam bao quy dao Iy ham lién tuc. van téc tai cdc diém tiép gidp
doan parahol vi doan thang khong duge nhdy bac, nghia li:

ql}.‘ __qt_

g =T 1 (4.3
1, ~1

Bl
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trong do, ¢, 1a gia tri ma bién khdp ¢ dat 16i tai thot diém két thic doan
parabol 1, vét gia téc ¢ ,. Vi ¢ (0) = 0, nén

.,
q.=4,+ 4.0 (4.4)

KE&t hop (4.3) véi (4.4), nhan duge phuong trinh: )
GU —§t, 0 +q, —y, =0 (+.5)

Néu cho truse § . 1, q,. 4, giai (4.5) trong khodng 1, <1/2, nhan duoc:

l 15§, —4q, —q,)
TR B S e 4.6)
2 2 g,
D¢ (4.6) ¢6 nghia, phai ddm bao diéu kién:
o 4!(1/ _([“
“1(12[7;- (4.7}

/
Néu biéu thiic trén nhan dau bang thi khong cé doan nam ngang cua
van 18c, va do thi van t6c ¢6 dang tam giac.
Nhu vdy, vai cde gid tri cho trudc cua g, ¢, va 1, tir (4.7) tinh duge gia
tdc ¢ ., sau do tinh r nhd (4.6). Cudi cung, quy dao duge xdc dinh tur 3

doan:
q,+ic7‘t‘) 0<r<t,
git)= q,+5lt‘{t—lt/2) [ St<t, —f, . (4.8)
(//—--21-»27"([/—{)3 t, =i, <t<t,

Chd y rang, dp dung quy luat van toc hinh thang khong dam bao diéu
kién 10i vu vé nang luong (4.1) nhu dat duge vai quy dao bac 3. N6 tang
khoang 12,5% so véi gid tri toi wu.

4.1.1.2. Chuyén dong theo duong

Trong nhi¢u hoat dong, vi du han h6 quang, son, xép d& vat li¢u trong
khong gian ¢6 nhiéu vat chuéng ngai,... robot cin dugc diéu khién theo
duong. Khi d6, s6 diém can xac dinh trén mdi doan dudng 16n hon 2. D6
khong chi 1a nhitng diém ma phan cong tac phat di qua, ma tai d6 ¢o thé
phai khong ché ca van toc va gia 16¢ chuyén déong dé ddp iimg yeéu ciu
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cong nghe. Cic diém nhu vay duoc goi 1a cic diém chot (puth point). S&
diém nay nhicu hay it [a tu} theo yéu cau cong nghé.

Bai todn dit ra la xdc dinh quy dao qua N di¢m chat. Nhu vay, moi
bi¢n khdp phai thoa man N diéu kién rang budc. D¢ thue hién diéu do, ¢d
thé nghi dén quy dao dang da thic bac N-/. Tuy nhién, gidi phdp nay cé
cac nhuge diém:

- Khong thé khéng ché diroe van toc tai dicm dau va diém cuoi,

- Bac cia da thie cang cao thi kha nang dao dong cang I6n, anh huong
xau dén trang thdi cong tic cua robot,

- Do chinh xdc tinh todn cdc hé s6 cna da thic giam khi bac cua da
thirc tang,

- Hé phuong trinh rang budc phuc tap va kho giai,

- Cdc hé s0 cua da thic phu thudc tat ca cac diem. Vi vay. khi can sap
xép lai mot diém thi cling phai tinh todn lai hoan toan.

Cé thé khiac phuc cac nhuge diém trén bang cich thay thé quy dao
da thic bang mot quy dao "lai”. trong dé mot s6 doan da thic bac cao
dudc thay thé€ bang cdc doan da thire bac thap hon. Cac da thic thay thé
nay duoc got la da thite noi suv.

Pé dam bao tinh lién tuc ciia van toc tai cdc diém chot. bac ctia da
thic noi suy khong thé nho hon 3. Xét quy luat biéh thién theo thoi pian
cla mot bign khdp ¢(1). Buong cong bién thién cua nd gom N-/ doan da
thire no1 suy bac ba I7(r), véi k = [,..., N-1. Ham ¢(/) nhan gid tri ¢, tai
thoi diem 1 = 1, (k = [,...N). Tai diém dauv (1, = 0), gia tri ¢, = ¢,. Tai
dieém cudi (1, = 1,), gid tri gy = ¢, Cic gid tri ¢, chinh la dai dién cho cic
diém chot clia qu¥ dao (hinh 4.3).

Quy dao duge thiét k& can phai thoa man cdc dicu kién rang budc nhat
dinh. C6 thé xem xét 3 truomg hop sau:

- Gid tri van tdc g(1)tai cac diém chot xdc dinh,
- Gia tri ¢(1)tai cac diém chot duge tinh theo cac chi tiéu nhit dinh,
- Ddm béo tinh lién tyc clia gia t6c (1 )tai cdc diem chot.

Sau day s€ trinh bay chi tiét hon vé moi truong hop.
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q1=Q(

=0 (s Ih =

Hinh 4. 3. Quy dao vai cac diém chot va cde da thice noi sny

o Da thiic néi suy véi gid tri cho trude cua van téc tai cdc diém chot

Cé 2 diéu kién phai duge dam bao:

- Cac da thic noi suy phai di qua cac diém chét;

- Van téc tai cac diém chot phai bang gia tri dinh trude.

Néu trén quy dao ¢6 N diém chot thi s6 da thitc bac ba, néi suy 77(1)
noi lan lugt céc diém ¢, va ¢,,, 12 N-1. Méi da thdc phai thod min cac
diéu kién sau:

I1,(t,)=q,
[1.(4.,)=4q,,, 4.9)
1.7;(’/():(];( o

174 (L) =4,

Maéi da thic noi suy (bac 3) c6 4 hé s6. Chiing duc:xvc xac dinh bang
cach giai cac hé phuong trinh dang (4. 9). Can giai N-/ hé phuong
trinh dé tim N-7 bo hé s6.

Thuong gid tri van téc tai diém dau va tai diém cudi duge 13y bang ¢
(g,=¢, =0). Tinh lién tuc cta van téc tai cac diém chét duge dam
bao bdi diéu kién:

Ii(t, )=11, ,(t,,) véik=1..,N-2
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Hinh 4 da la bicu do vi tri, van toc va gia 10¢ vl cde o licu sau: ¢, = 0. ¢»
=27, q.=72. q.=mt =0.=2,t.=3 =5 qg. =0.qg. =1, 4, = -1.
g, =0.Tathay. chi cé van 10¢ 1a lién tuc. con gra toe khong hién tuc.

v tri vitn

_ _ vitn

r r

¢ ’ /\

4 4
T ij’!\ | B
< = -
T2 2| \,,_/’

I
o
0 1 4 [ o 2 4 6
Ir) sl
van toc van toc

s : -
— o:/ \ e
i
- - gia (éc\/

{rad/s]

0 2 4 6 0 2 4 ¢ ] 1 2 3 ' 5
(s) 5] 0]
gla toc gra e pia tde
r Wl j
0
20 1 /1 20
20
i 10
0

“‘
) - \
F Fr(]l /{ PR p "\ l’ \\
“ o —— L { B oK T
3 | Eol N [ L0 VA
0 i Y ) g
Y]

J
[1] 2 4 [} ad ’ 2 4 6 0 1 2 1 4 5
(s (s} l-l

(a) (b) (c)

Hinh 4. 4: Quy dao vai da thiie dicoe xae dinh bang 3 dicu kién khdae

nhan

o Da thitc noi suy voi gid tri van toc tinh todn tai cdc diém chot

Trong trwong hop nay. gia tri van 16c tai cdc diém chét duge tinh i
cac diéu kién nhat dinh. Bang cdch noi cac diém chét bang cac doan
thang. van t6c tai cac diém chot duoe tinh theo quy tic sau:

g, =0 :
0 khi sgn(v, )£ seniv, )
7, =<1 , . (4. 1))
4 —)(\'; +v ) khi sgn(v.)=sgn(v, )
q . ={)
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trong do, v, =(q, - ¢, It - 1,,) biu dién do d6c chia doan thing treng
Klwoang thoi guan [1, -1, /.

Hinh 4. 4b minh hoa truting hop néi trén véi cic $6 licu - v g, = U,
¢ =2n .=l g =t =0.t,=2.4;,=3,1,=5,¢4,=0,q,=0.Ta
thay. van io¢ (ién 181 gia tri 0 tai cdc diém chat.

¢ Da thiic néi suy voi gia téc lién tuc tai cde diém chot

Ca 2 wuong hap trén déu khong dam bio dugc tinh lién tuc cla gia toe
tai cdc diém chot. Mudn dam bao tinh lién tuc ca ca duomg chuyén dong
lan van toc va gia téc thi da thic néi suy giita 2 diém chot 1ién nhau phai
thoa man cdc diéu kién rang buoc sau:

I, ,i1,) =4,

T, (t j=11,(1,)
1, (¢, )=1111)
e (=11t )

(4.11)

Muon giai hé phuong trinh ndy phai dung thuat giai dac biét ma khuoén
khO ¢6 han cua (i liéu nay khong cho phép trinh bay. Doc gia c6 theé
tham khao trong tai lieu [5). Két qua, nhan duoc quy dao tron véi duong
chuy¢n dong, van toc va gia toc lien tuc.

Hinh 4. 4¢ minh hoa quy dao tinh biang phuong phap ndi trén véi cic
solieusawi ¢, =0, ¢, =21, q, =72, ¢, =m, 1, =0,1,=2,1,=3,1,= 5.
g, =0, ¢, =0. Hai cap diém ao khac nhau dugc chon dé so sanh la 1, =
05:1. =45 (ddthinétlién) var, = 1.5, = 3.5 (nét dit). Ta thdy, do thi
van toc 1 dudng bic 2. con gia t6c 1a duimg bac 1. Mat khdc, cap d€m
40 thy hai (twong ing véi nét dit) din dén gia t6¢ 16n hon vicdc, digm
frung gian gan nhau hon. o ;

& Noi suy duong bdc nhdt bang cdc doan parabol

Mét trong nhimg dang don gian nhat ctia quy dao tay mdy gém cdc
doan thing, néi véi nhau bang cdc doan parabol tai cic diém chot, . .

Gia st trén quy dao ¢ N diém chét, dng vdi thai diém ¢, tai d6
bign khép dat gia tri ¢, voi k= {,...,N. Qu§ dao ngﬁyén thuy gém céc
doan thang ndi voi nhauw tai cdc diem chot. Bé dam bao tinh lién tuc cla
van tac, tal cac diém chéot (gdy khic), dudng chuyén déng dugc néi
bang cdc doan parabol (hinh 4. 5a).
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q A vi tri
|

\ o - . - ia téc
Hinh 4. 5: Noi suy quy dao bdc nhdt © g
bang cdc doan parabol 20
‘f i U
g 0 i aF
1
-20
-0
[¢] 1 2 3 L] 5
(s}
(b)

Ky hiéu At, = t,,, - t, 1a khoang th&i gian giita q, va g,,,; A, 12
khodng thdi gian tuong tmg véi doan thang giita hai diém q, va q,,,,
4, ..,12 van té¢ khong ddi twong g véi khoang théi gian At,,,,; §,la
gia t8¢ tuong Umg vdi doan ndi parabol va khoang thoi gian At . Gia su
gid tri cta cdc dai luong q,, At , A/, duge cho trude. Vin téc va gia toc
tai cac diém chét duge tinh nhur sau:

9 — 49

Gign =
k- Lk Ar,

_Qewrr — 9 ik

: (4.12)
A

A
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Muén cho cac diém ddu va diém cudi cliia quy dao dat gid tri mong
muon. nghia 12 ¢, = ¢, va gy = g, thi phai kéo dai thém thoi gian:
1y —1, + (At + 4r,)/ 2, dong thdi van téc tai cic diém ddu v diém cusi
Gy =4y p. =0.Chi ¥ rang quy dao nhan duoc khong di qua céc diém
chdt ma cht di gdn ching. Gia tdc tai cac cung cong (4, ) cang nho thi
qu¥ dao cang di st cac diém chét hon. Hinh 4.5b minh hoa quy dao véi
q,=0,¢,=2nq, =2, q,=mt, =0, ,b,=2,1,=3,1,=95,4,=0,
g,=0. Hai gid tn cla A duoc dung la 4dr, =0,2(nét lién) va
At; = 0,6 (nét dit). Ta ciing thay trong truong hgp thit hai (gia tdc 16n),
quy dao di xa cac diém chét hon vi phai tra gid cho gia (6c 16n.

4.1.2. Quy dao trong khong gian cong tac

Quy¥ dao trong khong gian khdp mé ta dién tién theo thoi gian clia cic
bién khép g(1), sao cho phin cong tic di chuyén thang tir diém ban dau
dén diém cuéi hodc di qua cac diém trung gian. Thuc &, khi thiét k& quy
dao trong khong gian khdp khé cé thé ddm bao chuyén dong chinh xic
cha phan cong tac, vi anh hudng phi tuyén khi chuyén déi cdc quan hé
dong hoc tu khong gian khdp sang khong gian céng tic. Muodn cho
chuyén dong ctia phan cong tic theo ding 16 trinh da dinh trong khong
gian cong tic, cin thiét k& quy dao truc ti€p trong chinh khong gian nay.
Quy dao cé thé duoc xay dung bang cach néi suy dudng dich chuyén qua
céc diém chot hodc xdc 1ap bing gidi tich ham chuyén dong.

Trong ca hai trudng hgp, dién 1i&n thoi gian cta cdc bién trong khong
gian cong tic dugc dung dé xdc dinh gid tri cua cic bién khdp theo thoi
gian thue, bang thuat todn nghich ctia dong hoc tay mdy. Vi cac gia tri
nay 12 chuan dau vio ctia hé diéu khién, nén ngudi ta thuong dung phép vi
noi suy duomg thdng (linear microinterpolation). Bing cich d6 cé thé
tang tan s6 cap nhat chudn ddu vao dé cai thién dic tinh dong luc hoc cna
hé théng.

Ky hiéu x I bién, ding dé miéu td dudng dich chuyén cua phdn cong
tic trong khong gian cong tdc. Dién tién thai gian cha bién dé cd thé
dugc chi dinh chinh xdc hon nhd N diém trung gian (diém chét), xdc dinh
gid tri cla bién x tai cdc thoi diém 1, v6i k£ = /,...,N. Tuong tu nhu da
trinh bay & phan trén, quy dao ¢6 thé dugc hinh thinh bang cich noi suy
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ham vector gitta cac diém chot. Haim d6 c6 thé duge xac dinh nhd ap
dung moét trong nhiing phuong phap noi suy da trinh bay d muc 4.1.1.2.
4.1.2.1. Cdc nguyen to ciia duong dich chuyén )

Mot dudng dich chuyén trong khong gian c6 thé duge mo ta dudi dang
tham s& bing tap hop cic phdn tlr t61 gidn (cdc nguyén 16 - path
primitives). Gia su p 1a vector (3x1) va f{o) 1a mét ham vector lién tuc
trong khoang /o, o,/. Xét phuong trinh '

p=fo) (+. 13)

Khi o thay doi trong khoang /o, o thi cdc gid tri tuong dng cha p
hinh thanh mot dudng trong khong gian. Phuong trinh (4. £3) 12 biéu dién
theo tham s6 ctia duong 7, trong d6 dai lugng vo hudng o la tham s6.
Khi o tang, diém p di chuyén trén duong 7 theo moét hudng nhat dinh.
Dang cta 7" va hudng tang ctta né do ham f{o) quyét dinh. Dudng duge
go1 1d kin néu p(o,) = p(c,). Néu p(c;) # p(o;) thi c6 dudng ho.

Trén mot dudng I c6 huéng xdc dinh, cho mét diém p, ¢6 dinh [am
géc. Ta dinh nghia toa do s clia mot diém bat ky trén /713 d6 dai cung tir
p, dén p. Méi diém p trén /" tuong dng véi mét gid tri toa do s. Vi vay, s
c6 thé dugce dung nhur 13 mot tham s6 dé biéu dién dudng dich chuyén I

p=fis (4. 14)

Xét mot duomg I~ duoc bieu dién theo tham s& s nhu (4.14). Tai mbi
diém p trén d6 c6 thé xic dinh 3 vector don vi dic trung cho dudng do.
Hudng ctia cdc vector don vi phu thudce vao dac tinh cda dudng, con chiéu
cua ching phu thugc vao chiéu bién thién cua (4.14). Cich xdc dinh céc
vector nhu sau:

- Vector tha nhat, ky hiéu 1a 1, 1a vector tiép tuyén vai 7 lai p, hudng
theo chiéu tang ctia s.

- Vector thi hai 1a vector phdp tuyén chinh, ky hiéu 1a n. N6 vuong
goc V6i vector f tai p va nam trong mdt phdng mdt tiép véi I'tai p (mat
phing O trén hinh 4. 6. D6 1a vi tri gidi han clia mat phang chia vector
ti€p tuyén 1 va diém p’ e I. khi p’ ti€n doc theo 7" dén p. Chiéu cua
vector n dugc xac dinh sao cho trong viing lan can cta p, dudng 7 ndm
cung phia véi n so v6i mat phang chira 7 va n.
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Hinh 4. 6: Biéu
dién dtiong dich

chuyén dwoi dang

tham sé y

z
- Vector thit ba, ky hiéu la b, hinh thanh vé6i f va n mot tam dién thuin,
nghia la chicu cua (1, n, b) duge xdc dinh theo quy tic ban ray phai.
Theo dinh nghia vé toa do s cia diém p trén duong dich chuyén 7 ta
¢0 cdc quan hé sau:

=P
ds

he 1 d'p (4. 15)
\dzp”-d&"
| a5

b=txn

Sau day 13 hai dang nguyén t6 dién hinh, thudng diung nhat khi xay
ding quy dao trong khong gian cong tac.

e Doan thdng trong khong gian céng tdc

Xét doan thang ndi hai diém p, va p,. N6 duge bicu dién dudi dang
tham s& boi phuong trinh sau:

p(s)zp,Jr‘ﬂc—— ; — P (4. 16)

: (p
-
Chu ¢ rang p(0) = p, va p(Hp/ - p,H)z P, - Vivay huéng coa /- di ti
p,dén p,.
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Vi phéan (4.16) theo « dugc:

d [
Lo (P, —p.)
s p, - p)|
d’p
= 4.17)
ds’ {

Trong trudng hop nay khong thé xdc dinh hé toa do (1, n, b) mot cdch
don tri.

o Duong tron trong khéong gian cong tdc

Gia sir ¢ dudng tron trong khong gian (hinh 4. 7). duge x4dc dinh boi:

- Vector don vi r nam theo truc dudng tron,

- Vector vi tri d cha mot diém trén truc dudmg tron,

- Vector vi trf p ctia mot diém nidm trén dudng tron.

:

Hinh 4.7: Biéu dién
duong tron dudi dang

tham so

X

Ky hieéu 6 = p, - d. N&u p; khéng nim trén truc, nghia 12 dudng tron
khong suy bién thanh mot diém, thi phai cé quan hé:

| ‘51"4 <|s
Khi do6 ¢6 thé xdc dinh tam cla dudng tron thong qua vector sau:
c=d+(dry (4. 18)
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Cin biéu dién dudng tron dusi dang ham clia toa do s. Dé cho ham nay
don gian, cdn chon mot hé 1oa dé thich hgp O-x'y’x’, trong d6 O’ triing
v&i tam dudng tron; truc x’ hudng theo chidu vector p, - ¢; truc 2" hudng
theo r, con y’ dugc xic dinh tlr v’ va 7’ bang quy (ac ban tay phai. Toa do
diém p trong hé toa do nay dugc bidu dién qua vector

pcos(s! p)
p'(s)=| psin(s/ p) (4. 19)
0
trong d6 p = Hp, - (.” 1 ban kinh dudng tron va diém p, 1a goc toa do.
Khi thay déi hé toa do thi phuong trinh biéu dién dudng tron trd thanh
pi(s)=c+ Rp'(s) (4. 20)
trong d6 R la ma tran quay ctia hé toa dé O’-x'yz’ so vé hé O-xyz.
Trong chuong 2, ching ta da biéu dién ma tran nay dudi dang
R=[xyz).

Vi phan (4.20) theo s ta nhan duoc cdc vector van téc va gia toc dudi

dang ham s6 cua toa do s nhur sau:

—sin(s/ p)
dp
—=R| cos(s! p)
ds
0
, —cos(s/p)l p
d'p

—=R| -sin(s/p)l p “4.21)
0

4.1.2.2. Vi tri va huong trén quy dao

ds

Qu¥ dao trong khong gian céng tdc 13 t3 hop theo trinh tr nhat dinh
cua cac nguyén t6 da trinh bay 0 trén. Thiét k€ quy dao trong khong gian
céng tac c6 nghia la xdc dinh ham x(1), biéu dién (hé€ ctia phdn cong tic x
theo thoi gian ¢, trong dé ¢ bién thién trong khoang tir ¢, dén 1. The cha
mot vat trong khong gian c6 2 yéu (6: vi tri vd hudng. Khi vat chuyén
dong doc theo dudng dich chuyén, khong chi vi tri ma ca huéng cua nd
thay ddi theo thoi gian. Vi vay, "quy dao" & day phai hiéu theo nghia
rong, gém ca thanh phdn mé ta vi tri vi thanh phidn mo ta huéng. Trong
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chuong 2 ching ta da bicu dién thé¢ cua phan cong tac qua.vi tii va hudng
cua no nhu sau;

o | - Lo

Bii todn duce tich thanh 2 phan: bidu dién vi tri v hudng cia phin
cong tac.

o Vitri cua phan cong tdc

Cho p = f{s) la vector 3 x 1, biéu dién dudng dich chuyén /" dudi dang
ham cia toa do v. Gdc toa d6 cua phian edng tc di chuvén tit digm p. dén
di¢m p, trong khoanp thoi gian ¢, Pé don _glan, dat goc toa do 1gi diem Pov
hudng cua /77 di tit p, dén p. Toa do cia diem » bat ky trén [ frhmh La fio
dal cung y gita goc p, d&n p) 12 ham cua thoi gjan 1, ﬂghld Jas s = s(1). Vi
p = fis), ta cb the inh van t8c¢ di dhuven cha’ dlém p trén du’o‘ng f‘bang
cach lay dao ham cua p theo r: :

p= s‘ﬂ?— = &f
ds

trong o f 1a vector ép tuven clia dudmg cong 'tai'p. Nhw vay. ¢ bidu
dién do 10n cha vector van 8¢ tad p. Gid rei ¢da p bién thien tr 0 (khi £ =
(1) bien thién theo quv luat parabol heac hirh thang, ru:S'/ theo chiing fa s
dung phép noi suv bae 3 hay bac nhat, va trd lai bang 0 khi 1 = 1.

Néu dudng dich chuvén 771a doan thang, duge biéu dién bdi (4.16) thi
van to¢ va gia toc cua diém P dlr()'cltlinh nhu sau: ‘

s

j):m(p, ~p, y=4st
‘ R O P SN S PR R TR
(p, )’x S, tned s (g 22)
\\P, ~ P \ TR IS TSR PR I Y1 SN
" Néu duong cong [ 12 dudmg tion. w4 Z1)ieainhan duge van-tée: va -
gia toe: e . R N BNt E O P 1 S F TR A TR RS
: ' |‘+ setn(s! b))} i L0Gfe Te b s e
p= i .s‘c*b.ﬁ(s//)')" ! e I:; g
'L\. : 0 o ’l R T S T AT NS T
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— & cos(s] p)l p~Ssin(s] p)
P =R| -5’ sin(s/ p)l p+5cos(s/ p) (4.23)
0

Chii ¥ rang vector van téc hudng doc theo vector ¢, con gia 16¢ ¢
2 thanh phédn: thanh phan hudng tam theo phuong n, thanh phin riép
tuvén theo phuong 1.

e Huong cua phdn céng tdc

Hudng cla phan cong tic, nhu da nghién ciu trong chuong 2, dugc mé
1a thong qua ma tran quay cia hé toa dé gan trén nd so vai hé toa do co
1. Trong bai todn quy dao chi phai quan tdm rang ma tran quay nay Ia
ham ctia thoi gian. Ching ta cling da biét, ma trin quay c6 3 cdt, uwng'
tng vdi 3 vector don vi (n, s, a) caa hé toa do hién thoi. Tuy nhién tng
dung truc ti€p ma tran quay dé mo ta hudng khong cé loi, vi phai giai
quyét cac lién két thira. C6 trudng hop. vi du khi noi suy duong thang, cic
vector don vi n, s, a khong thé dam bdo tinh vuong géc ciia ching tai moi
théi diém. D¢ khdc phuc khé khin trén, ngudi ta ding phép mé ta 6i
thiéu cla hudng bang cic bo ba goc ¢ = (¢, &, w) nhu géc Euler ZYZ
hoac goc RPY.

Khi phan cong tic chuyén dong doc theo duomg dich chuyén, hé tog
do ¢ thay doi tir gid tri ¢ dén ¢, Tuong tu nhu déi vdi vi tri, c6 thé
ding phép noi suy bac 3 hoac bac nhat dé€ mo ta hudng cta quy dao. Khi
dé. nhu da chi ra trong muc 4.1.1.2, van téc géc @ (co quan hé bac nhat
véi @) sé 12 ham lién tuc d&i véi thoi gian.

Vi vay. véi ¢ va ¢ cho tridc, ta ciing xac dinh dugc hudng, van téc
gbe va gia 16c thay déi huéng cfla phin cong tac nhu sau:

¢ ¢, + (¢, ¢ J
H¢ ¢\ [
g (¢, ¢, Fooe o (4.24)
g
:.'-"_'—'f( Pl /8 !
? 10 =04 ¢ | ?
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Mot phuong phap nita dé xay dung quy dao vé hudng la van dung phép
quay quanh truc bat ky, da dugc trinh bay trong chuong 2. Né&u cho trude
2 hé toa 46 dé cic ¢6 goc trung nhau thi ludn luén cé thé xdc dinh vector
don vi r sao cho nhan dugc hé thi hai bang cach quay hé thi nhat mot
g6¢ 8, quanh truc r.

K¢ hiéu R, va R, la hai ma tran quay cia hé ¢ vi tri ban dau 0,—,\',}-*,:-, va
a vi tri cuéi O, xyz,. Ching ta da c6 quan hé R, = RR, trong dé

Néu ding ma tran R(1) dé mo ta phép quay tir R, dén R, thi phai ¢6
R(0) =Tva R(1) = R, Nhuvay c6 thé coi R, 12 phép quay quanh truc c6
dinh trong khong gian. Géc quay §, va vector don vi r ca truc quay cd
thé tinh theo cic cong thifc sau:

Py tr, ry,

.9] =cos™'( 5
; Vi =Ty
r= ¥, —r voisin, #0 4.25)
2 sin 9/ 13 3 ! (
ry =71,

Ma trdn R(1) ¢6 thé duoc viét thanh R ($(t)) va tinh nhd cong thic
(2.16). Néu xdc dinh duoe quy luat 1), véi K0) = 0 va K1) = 9, va tinh
dugc cdc thanh phén r, r,, r, cha vector don vi r clia truc c6 dinh thi ¢6
thé xdc dinh ma trin quay tai th&i diém £ bat ky:

R(1)=R R, (1))

Ma tran trén mo ta hudng cta phan cong tdc so véi hé co so dudi dang
ham cua thoi gian 1.

Sau khi dudng dich chuyén duge xac dinh trong khéng gian cong tac
nh& cdc ham p(7) va ¢t) hoac R(r) thi, bang thuat todn déng hoc nguoc,
c6 thé thiél 1ap quy dao tuong ng trong khong gian khdp g(1).

4.2. PIEU KHIEN CHUYEN PONG

Sau khi nhan duge sd lieu ddu vao tuong ing v6i quy dao ctia phan
céng tic hay clia khép, hé théng diéu khién phai diéu khién robot chuyén
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dong theo ding quy daé dat ra. Van dé diéu khién robot néi chung rat
phifc tap, vi ngoai viéc dam bao thuc hién quy dao mot cich chinh xac,
con phai gidi quyét van dé (vong tac véi d6i tugng-cong tiac. Tuy theo yéu
cau sir dung robot. ¢4 rat nhiéu k¥ thuat dién khién khac nhau dugc iing
dung. chang han:

- Diéu khién tu do va diéu khién ¢6 tuong tac véi doi uong.

- Diéu khién trong khong gian khop va diéu khién trong khéng gian
lam viéc,

- Diéu khién phan tdn va diéu khién tap trung.

- Diéu khién diém - diém va diéu khién theo dudng.

Ngoai ra, ky thuat diéu khién cdn phu thudc két cau phan co khi clia
robot, vi du st dung hé toa do dé - cdc hay hé toa do khac, sir dung dong
co chap hanh kiéu nao, ¢é dung truyén dong co khi phu hay khong.
Truyén dong co khi phu cho phép str dung viing ¢6 lgi nhat trén dic tuyén
cua dong co, mo rong duge viing tuyén tinh cua nd,... nhung lai chiu cac
téc déng phu, nhu bién dang, t6n hao nang lugng do ma sat, khe hd, céc
luc va momen phat sinh, nhu luc ly tdm, dao dong, luc coriolis....

Su lua chon gifta diéu khién trong khong gian cong tic hay trong
khéng gian khdp ciing 1a van dé khé. Nhiém vu cua robot (uic 12 cha
phin céng tic) dugc thiét 1ap trong khong gian coéng tc, trong khi tic
dong diéu khién lai dat vao cdc khdp nén bién khdp 12 ddi tuong diéu
khién truc tiép. Vi vay bai todn dong hoc ngugc bao gid cling phai duoc
gidi, nhung vi tri clia né khic nhau gita trudng hop diéu khién trong
khéng gian khép va didu khién trong khong gian cong tic.

Khi diéu khién trong khong gian khdp, bai toan dong hoc nguoc duoc
giai trudc dé chuyén céac thong s6 tir khong gian céng tic sang khong
gian khop (hinh 4. §).

Ty e x

DONG HOC .
:> NoU DIEY KHIEN :y PHAT DONG cHAP HANH TAY MAY __—>

-+

- 4

BIEN DO

Hinh 4. 8: Su do diéu khién trong khong gian khop
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Mach diéu khién nhan gid tri dat ciia cic bién khdp (¢6 thé qua hé s6
chuyén déi nao dé) va diéu khién khép theo sit dién tién thdi gian cua
bién khép. Mach diéu khién kiéu nay don gian hon, nhung d6 chinh xac
bi han ché€ do chinh doi tugng can gidm sat truc tiép 12 phan cong tic lai
nam ngoai mach diéu khién.

He diéu khién trong khéng gian cong tdc (hinh 4.9) nhan truc tiép
thong s6 clia khong gian khép lam s6 liéu ddu vao, bai todn nguge duge
giai trong mach phan héi, nén vé 1y thuyét thi ¢6 vé chinh x4c hon. Tuy
nhién, né cd hai nhuoc diém co ban. Thu nhat, h¢ diéu khién phitc tap
hon. Thi hai, hé théng do thudng gin 1én cdc khdp, gidm sat truc tiép cdc
thong s6 cua khdp. Muén chuyén chiing sang khong gian cong tac thi
phai thuc hién cdc phép tinh dong hoc thuan va d6 ciing la nguon phat
sinh sai s0.

x, o a
&
DIEU KHIEN PHAT CONG :5 CHAP HANH i> TAY MAY ﬁ

+

Y-

Hinh 4.9: Sa do hé diéu khién trong khong gian cong tdc
4.2.1. Piéu khién trong khong gian khép
" Trong chuong 3 ching ta da x4y duyng duoc phuong trinh téng quat
biéu di€n chuyén dong cia tay mdy trong khong gian khdp. Néu béd qua
luc tuong tic vai moi trudng (gia thict tay may chuyén dong khong tai) va
luc ma sat tinh (do khé mé hinh hod) thi phuong trinh ¢6 dang sau:
Blg)g +Clq.q)q +F.q +g(¢q)=1 (4.26)

Muén xay dung hé diéu khién chuyén dong cita tay mdy phai xdc dinh
n thanh phan cua luc téng quét (néu 1a khép truot) hoidc momen téng quat
(n€u la khdp quay), sao cho quy dao thyc ¢(1) va quj dao mong mudn
g 1) cang gan nhau cang t3t, nghia la ching ta mong muén

4(1) = 41)
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Ky hiéu g, 13 vector chuyén vi clia co cau phat déng, K, 1a ty sé truyén
cua truyén dong ca khi. Gia thiét bo qua bién dang va khe hd trong truyén
dong co khi, chdng ta ¢6 quan hé

4. = Ky (4.27)

Tuong tu, ky hiéu 7, la vector momen do co cdu phat ddéng sinh ra, ta

cling ¢d
r,= K, 't (4.28)

Dé y rang ma tran qudn tinh B(g) ¢6 thanh phan khong déi B biéu thi
qudn tinh trung binh cla moi khdp va thanh phan phu thuéc cau hinh cua
khép AB(q )

B(q)=B + AB(q) (4. 29)
Thay cdc biéu thidc (4. 27) dén (4. 29) vao (4. 26), ta dugc:

r, =K 'BK'4 +F g, +d (4. 30)
trong d6

F =K /'FK' (4.31)

bi¢u thi ma tran cac hé s6 ma sat nhét quanh truc dong co va
d=K'AB(q)K ', + K C(q.9)K,'q, + K, 'gq)  (4.32)
biéu thi thanh phan phu thudc cau hinh cha céc khdp.

Hinh 4.10 13 so d6 khoi minh hoa cho phuong trinh dong hoc diéu
khién tay mdy (4.30). N6 gém 2 bd phan: mot bo phan nhan 7, lam dai
luong vao, g,, 1am dai lugng ra. Gitlta ching c6 quan hé ruyén rinh vi don
(linear and decoupled), vi méi thanh phan cla 7, chi anh hudng dén mot
thanh phén cba g,. B phan thy hai nhan dai lugng vao lagq,, ¢,, §,, vad
lam dai luong ra vdi quan hé phi tuyén va kép (nonlinear and coupled).

Dua vao so dd trén c6 thé dé xuat mot s6 thuat toan diéu khién véi cic
mo hinh ddéng luc hoc khac nhau.

Trudng hop don gian nhat xay ra khi hé s6 giam tdc 16n, vé6i sy han
ché vé van téc va gia tdc. Khi dé, hé thong duge xem 1a khdp diéu khién
don (single joint servo), con dai luong d duge coi 1a nhiéu. Piéu dé dan
dén két cau diéu khién phén tdn, trong dé cdc khdp dugc coi 1a doc 1ap vdi
nhau. B¢ diéu khién phdi ddm bao kha nang chéng nhiéu cao va kha nang
"bam" quy dao tot. Vé thuc chat, hé diéu khién nay 1am viéc theo sai s6 giita
gid tri ra va gia tri can diéu khién.
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Hinh 4. 10: So do quan hé dong luc hoc cua tay mdy

\

\

\

\\

Trudng hop thit hai, khi doi hoi van téc cao, ding hé thong truyén
dong truc tiép (K, = [), thi cac thanh phan phi tuyén d cé anh hudng
nhiéu, sai s6 quy dao sé 16n hon. Trong hé thong phai c¢é bo phan bu cho
cdc thanh phén phi tuyén bang cdch tao ra momen bu. D6 12 giai phap tich
cuc, vi né nham loai trir nguyén nhén sai s6 chit khong phai han ché anh
huong cua chiing. Diéu dé dan dén thuat todn diéu khién tap trung.

Nhu vay, tuy theo kiéu diéu khién ma bo phan phdt dong ¢é vai tro
khédc nhau. Dai vdi hé diéu khién phan tan, bo phat dong (actuator) dong
vai trd mdy phiat dugc diéu khién theo van toc (velocity-controlled
generator). Trong hé diéu khién tap trung, né duoc coi 1a may phat duoc
diéu khién theo momen ( torque-controlled generator).

Ca hai trudng hop trén déu sir dung ky thuat diéu khién theo sai s6 giita
quy dao thuc va quy dao yéu cdu, khong phan biét dung lién hé ngicoc hay
lién hé thudn. Du véi mé hinh dong luc hoc nao di nifa thi cac hé thoéng
thuc ciing phai dugc don gian hoa bang cach nao dé, vi du bo qua ma sét
tinh, khe hd, bién dang dan héi, sai s6 ché tao.... trong hé théng.
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4.2.2. Diéu khién doc lap

Trudng hop don gian nhat trong diéu khién robot 12 méi khép duoc
diéu khién hoin loan doc lap véi cac khdp khic, va hé diéu khién chi cé
mot dai lugng vao va mot dai luong ra (single-input /single-output
svstem). Su anh hudng kép gira cdc khdp véi nhau trong qua trinh 1am
viec duge xem 13 nhiéu. So d6 cia hé théng nay (hinh 4.11) tuong img véi
phan tuyén tinh va don cla hinh 4.10.

kY

- (P
Fe

LT3
+ R‘

0w

Hinh 4. 11: So dé diéu khién déc lap cia méi khop

Khong lam mait tinh téng quét, xét trudng hop thiét bi chdp hanh [a
dong co dién mot chiéu. Nhu vay, 6 13 géc quay cia truc dong co, [ la
momen quan tinh trung binh ciia phin chuyén dong quy déi dén truc dong
cd. R, 1a dién trd phin tng cla dong co. &, va k, 1a hé s6 momen va hé s8
van toc cda dong co, G, 1a hé s6 dién ap cua bo khuyéch dai cong sudt.

Gia thiét hé s6 ma sat nhdt trén truc cta dong co rat nhd (cé thé bd
qua) so voi hé s6 can dién nang, nghia la:

k k
F, << —+

aQ

Ham truyén clia dong co c6 thé dugc viét dudi dang:

k
M(s)=-—"" 4.33
(s s(1+5T,) (#.33)

u

./ ~ 2 2 Je
trong dé, k, = o vaT, = , tuong ing l1a hé s6 chuyén doi van

v v

téc - dién dp va hing sé thoi gian clia dong co.
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4.2.2.1. Piéu khién cé lién hé nguoc

Pé dam bao kha nang chéng nhiéu, bo diéu khién phai thoa man cic
diéu kién:

- He s6 khuyéch dai 16n dat phia trudc diém tic dong cua nhiéu,

- 'Cé6 tdc dong tich phan trong bo diéu khién dé han ché anh huong cia
trong trudng tSi dai lugng ra khi hé théng & trang thdi tinh (gi& cho ¢
khong dai).

Yéu cau trén goi ra y tudng dung tic dong diéu khien PP oportion:id
- Integral) trong mach chinh véi ham truyén
1+5T

<

C(s)=K, id, 4

NG c6 thé cho sai s6 trong trang thdi xdc lap khi tic dong cua nhicu
khong déi, tai s = -1/T,. D¢ cai thién cdc dic tinh dong luc hoc, nén dung
cac vong diéu khién ¢é phin hoi cuc bd dé khir tac dong cia nhicu.

Bén canh viéc déng kin mach phan héi vi tri, thudng dung ca mach
phan hoi van tc va gia toc. Dicu d6 dan dén mach ¢ so d6 nhu trong
hinh 4. 12, trong d6 Cy(s). C,(s) va C,(s) tuong tng bidu thi cic bo dicu
khién vi tri, van t6c va gia téc; &, ., k;,. &, [ cdc hing s6 ctia cdc bo bién
dsi. Trong so d6 nay, momen nhi€u D ciing dudc chuvén déi thanh dién
ap nho hé s6 chuyén doi R /k,.

Tir so d6 co ban trén, c6 thé ndy sinh mét s6 phuong 4n diéu khién ¢
phan héi rieng, nhu phan héi vi tri phan héi vi tri va van toc, phan hdi vi
tri, vin toc va gia tdc.

*O

.«(.—'I

L -—~| kyp }.

Hinh 4. 12: So dé mach diéu khién khop doc lip
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e Diéu khién c6 phdn héi vi tri

Trong trudng hop nay, tac dong diéu khicn duoc dic trung bor cac
ham truvén:
1+ T,

S

C,(8) =K, Coas)y=Cs)=1. &k, =k, =0

Tl so do khaoi trong hinh 4.13, ta xac dinh duoe ham traven cho mach
thuan (chua k¢ tdc dong clia nhiéu):
k, K, (1+sT,)

Pls)= -
s (1+8T,))
v cho mach phan hot: His)=k,,.
| DE,
CR —l L, (] &[] @ [1] o
- K iy e | T |-——% = %~ -»
- (RSO S R S S B S SR
. i |
. 1 !
: , _
i ! tgi e -
L_. L _ _\ 2oy
Hinh 4. 13: Macl diéu khién 6 phan ioi vi i
Cudi cting. ham truyén cia mach kin vao/ra hiang
/
Ry k.
== \_'-__._.'_I__. (4_ _25}
is) sTil+ T )
koK bk, (1-57T,]
Tudng tu, ham truyén cua mach kin nhicu/ra bang
R
0is) AN k(18T ) :
A -___!_._%___.T Sl (4. 306]
TRy NT N )
kKN k. (15T}
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Bang phuong phip phan tich qu¥ tich nghiém"" ¢4 thé chi ra phuong
hudng thict ké he dicu khién ¢6 phan hoi vi tei. nhu sau:

- H¢ thang chi ¢6 the on dinh khi hing so thoi gian cda bo dieu khién
(rong truong hop nay 1a khau tuyén tinh) 16n hon hang <o thai gtan cua
dong co.ngha la: 7, > 7.

- D& giam thdr gian phan ting cia he thong, can tang T, Thuong dung
1T.o>>7T .

- D¢ chong nhidu ¢o hidu qui can tang he¢ ~o vuyen K. 1ich X, =
Kk, . diroe got 1o nhan 1o chomg ahiCu (disturbance voejection fucior .
cting phu thuoce vao K. Tuy nhien, néu ting K, qua muc ¢6 ihe gy nen
dao dong cua dai luong ra.

o Piéu khién c6 phdn hoi vi tri va vdn toc

S do khoi caa hé théng duoce the hién trong hinh 4.14. Tac dong diéu
khien duge dac trung b
L+5T,.

A

(" =K o (Cfy)=K

O

[
I k t
| AT
_ Mo

Hinh 4. 14: S0.do diéu Mhién co phan hoi vi tri va van 1oc

Ham truyén cha mach thuan vit cia mach phan hot:

P(s) = _/fﬂl.](" K _(ﬂ Hisy =k, (+s _k =)

!
sS(esT )y K.k,

7 Root-locus analysiy 13 mot cong cu dé khio sdt cde chi tiéu chat lugng cnia
h¢ théng, nhr tinh on dink, dic tinh tinh va dic tinh cda qud tinh qua do.
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Ham truyén ctia mach kin vao/ra:

O(s) B ;’«'H,
O.(s)

= (4. 37)

Sk - §°
+ == T =
I\I kh‘ kua K—F'kﬂ'K’i
Ham truyén ctia mach kin nhiéu/ra:
SR,
O(s)  kK.k,K.(1+5T,)
Dis) I+ sk, N ____._s'"____
KJ"k'H’ ka!'k'H’ K.i'
Nhan to6 chong nhiéu: X, = Kk, K,

o BDiéu khién c6 phdn héi vi tri, van téc va gia toc

I+ -

(4. 38

Hé diéu khién nay tng véi so do trong hinh 4.15. Tac dong diéu khién
dugc dac irung boi:

Co(s)=K,: Co(s)=K.: C,(s)=K, F¥sl,

Wﬂ

|o

\W

<
+
&

Hinh 4. 15: S do dicu khién ¢ phan hoi vi i, van toc va gia toe

bé cho bi¢u thic duge don gidn, phan gach chéo trong so do dugc thay
thé¢ twong duong bang mot khdi ¢6 ham truyén:
k

m

G(s)=—

m

(1+k, K ki HI+— o ______m___)
o (!’ + Ikm K.—Ik'ﬁ-l )

sT, (1+k, Kk, ;)
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Ham truven cua mach thuan vicua niach phan ho:
N. K. K 1-sT,) vh

Pryj=——— VNI Hisi—k (f+- 7
8" N

Ham guyen et mach Kin vaogra:

!

Ay o

R - - - + Yy
O (s /. ko s vk K k)
Nk, k KN kA,
Hin truy o e mach Kin nhicu/ra:
SR,
Ols) kK. kK K (1+5T) )
- Z e ———— (—/ +()y
DS y k., .s'(l+k,n/\’./’c;|1

K.k, k. Kk N K.

Nhan to chong nhicu: X, = K 4,,K, K,

4.2.2.2. Picu khién c6 bu

(e 50 do didu khien ¢ hien he nguoe nhu trinh bay ¢ trén nham tao ra
Kha nang chong nhicu tot. Nhung Khi can b «at qu§ dao vai (e do va
gra toc 1an thy chung khong dap tng duge. Co ché dicu khien <6 b cho
phép giam sai s6 quy dao. Tuong dng véi moi s do dicu khicn ¢6 phan
hot. ching ta ¢6 thé thict 1ap 110t so dé tuong ung cho dicu khién 6 bi
(hinh 4.16) va dai lugng vio tuong dng cla moi so do <& duge thay the

thee cic quan he sau:

. 1+ T
O (s)=lh, - 15T, —10,1%)
"k K, (/+\/ )
. sk, X
O.(s)=(k,, + —L + = —)0 (s
\ N K .'J.'I\-l‘ " ( )

. sk (I+k, K k. v
O,(s)=1k .+ A TE -;----i" (N



O¢ 7'!
k’m
0s [ 1
ko
DR
04 ' yil o
Kp(l+sT, + -
k| Kp(l}sTy) R~ A M(s) - g
e
—
a: Diéu khién 6 biv vei phdn hoi vi i
S, ]
LEmAr |
£
o
-b
S
4“1§5’!1vﬂ2é{utv) b
ky, — ‘
ady i
frp b —
L

c: Dicw khicn co biyor phdan hoc v i, var 16¢ a gia toe

Hinh 4. 16, Cde he thong dici Kidn co phdin hoo
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oo o]

Z o
e | Bl A e ue) 6
KyTy & »
PiD
krp i
s
b: S do dién khién tieemg dwong kiéu PID
04 T
:
Qg 1 +
km
= /%
o]
% %// A/tmw// M(s) 3]
K ]

c: So do diéu khién neong diong kiéu PIDD’
Hinh 4. 17 Cdc so do twong dicong ctia hé diéu khién c6 phdan hoi
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Chil y riing, lrong b van 10c va gia toc duge tinh de dang bang giai
tich, dua vao thong s& vi tri 01). con Mixj fa ham truvén cua dong cd
chap hanh.

Ciéc so do tren cho phép bam sat quy dao vao trong pham vi tuyén tinh
ctta h¢ thong. Kha nang dé con phu thuoe mite do phi hgp cia bo digu
khién va cdc tham s6 bu véi cac thong s6 cua qui trinh. Tuy nhién, he
cang ¢é nhiéu vong phan hoi thi cang it phai quan tdm dén ching. Cic
khéi bido hoa trong s dé 14 cac phin tr phi tuvén, duce dimg dé han ché
viing bién thién clia van toc va oia toe. Didu do gidp phong nglra anh hiong
cua sy bién thién thdi qud cta cac dai lugng vio den qua trinh qua do. phimg
cing ¢6 thé lam giam do chinh xac bam quy dao.

Trén hinh 4.17 Ja cdc so dé wong duong cua cac ~o dé trén hinh 4.16.
Ching chi dung mach phan hoi vi tri, ¢ong thém mot bo hiéu chinh (phan
gach chéo trong sa dd) véi cac tic dong dicu khién ticu chuan 1a P1. PID,
PIDDY....

4.2.3. Piéu khién tap trung

Trong muc 4.2.2 trinh bay cic van dé co sd cua viec thict k& cdc bo
diéu khién doc lap trong khong gian khép. Chiing déu [ cdc hé thong don
(single-inpuit | single- owtput). vi anh hudng qua lai gida cic khdp déu
duge coi 1a nhiu. Diéu d6 ¢6 nghia 13 ching ta mdi chi quan tam dcn
ot phan (tuvén tinh va don) cua hé thong. Mé hinh todn hoc (4.26) vt
50 @6 khoi trén hinh 4.10 cho thay tay may la mot hé n-inprrs (gom
momen khdp). n-outputs (ém n vi tri Khdp) va phi tuvén (phan 16n moi
quan hé gilta chdng 1a phi tuyén). Vi vay, vé mit phuong phap tuan thiét
k& he diéu khién robot, can xem xét tay may la mot hé thong da hién va
pht teven. St dung Juat diéu khién phi tuyén-tap trung 1a giai phap dam
bao cic dac trung dong luc hoc cua robot. Phan nay sé trinh bay co <4
todn hoc hinh thanh luat diéu khién nay.

bé dé theo doi, chiing ta hay xem lai ciac phuong trinh (4.26). (4.27)
va (4.28), biéu dién cic quan hé dong luc cia tay mdy, cua hé truyén

dong co khi va cua dong ca khop.
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Podet pg Lo 0 o 2N v e do teén hinh L1 e ¢ o ngoon

done e he dice Ly anondang na b bang cac phuong trinh sau:

‘A A 4. 41
VR, YK g 4 42
vo= e (4. 43)

trong dé:
K, - ma tran duong chéo cdc hing sé inomen cua # déng cd.
1, - vector cde domg dién phan g coa n déng ca.
v - vector cae dién ap trén phan dng cua p dong ca.
R - ma tran dudmg chéo cac dién tro trén phan tng cua n done co.
K - ma trin duomg chée cdce hing 86 dién ap ciia n ddng co.
G, - mu trae, Juene chéo cde hé <6 cha # bo khuvéeh dai,
V- vector cde dicn ap diéu khién cia p déng co servo.
Tong hop o ae hidu thife trén, nhan duoe dang khic cia mé hinh dong
luc hoc dung treng disu Khicn yobot:
Bl ~ Cogoajg » Vg - g(g)=u (4. 44)
Trong dé T la ma trin dudng chéo cua toan ho luc can, ¢6 2 thanh
phan 1a co khii vit dign. va u fa vector cic dat fuong vao ciia hé thong:
F=F + KKR'KK, - (4.45)
n=KKR,'G. _ o (4. 46)
So sdnh cic bicu thite (4.44) va (4.26) va chid y dén cdc biéu thic tinh
I', 1t & trén. ching ta riit ra mo hinh diéu khién hé thong bdng dién dp. So
d6 Khai clta hé duoc thé hién trén hinh 4.18.
n-KKR'KK =1 (+.47)

TAY MAY

v

4

-_— L —.|

Flinh 4. 18: Sor do diéu khién robot béne dién dp
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Trong s dd uén. dai lugng vao 1 phu thuoce cic tham so K. K. R clia
dong co. ma pid tri cta ching Jai thay doi theo diéu kién lam viec. é
loal trir cac anh hudng do. cé thé ding hé dicu khicn bang momen hay
dong dici. Cac phuong tinh (4. 43), (4.45). va (4.46) duoe thav the bang:

i,=0y (+ 48]
I (4 49]
u=KKwv (. 50)

trong d6 G, 1a ma ran hang., the hicn quan hé ty ¢ gida dong dicn phan
ung /, va dién dp dicu khién v . Bay ¢ior hé thong duge the hién bane <g
dod (eén hinh 4,19,

4?’

Y, . u < q9
— | K, A C »| TAYMAY [——»
I S _.q

Hinh 4. 19: S0 do diéu Khien robor bang momen

Xuat phat tir mé hinh dicu khi¢n co ban (4.44), co thé thuc hién cdce
nhiém vu diéu khién khdc nhau bang cach chon dai luong vao o thich
hop. Sau dav chiing ta xSt 2 truong hop img dung moé hinh di¢u khicu tap
trung cho robot.

4.2.3.1. Diéu khién PD co bit trong luc

Dat bai toan: Tay may géni nhiéu khau, khdp va cidc co cau lien quan.
Moi bo phan déu co trong tuong. Trong qua trinh lam vice, thé cua cic bo
phan luon thay doi. nén trong luc dat 1én chdng ciing thay doi va khong
theo quv uat dinh trede. Nhicm vu cha bo dicu Khién [ on dinh trang thai
cua tay may du né dang lam viée ¢ thé nao. Bo dic¢u khicn phai thuong
xuvén oidm sat trang thai cta hé thong dudi tic dung cta trong traang.
<inh ra tin hicu di¢u khicn thich hop dé bu lai. Phan nav noi ¢ cach choa
dang cua ham dicu khién 1 dé thue hién chite nang bu trong luc.

bé Lim vige do, chunyg 1a su dung phuonyg phdp Lyapunov. NO dua tién
nguyvén tac. la trong qua trinh hé thong tiem ticn dén trang thai can bang
thi nang luong cua nd giam dan va o trang thidi can bang. nang ltong it

he dat cuc tieu.
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Ta bicu dién nang heng cua hé bang haim V (¢), trong dé e i sai léch
gilta trang thdi thuc va trang thai can bang cua hé. Néu cdc diéu kién sau
duge dong thoi thoa mén thi hé sé dat trang thai can bang toan cuc.

Vie)>() Ve=l). Vie)=0 e =/
Viej<0 Ye#0: Vich=

|ei’ —

Trong truomg hop dang xét. trang thai cua hé thang la thé cta phan
cong 1a¢ va duge biéu thi bang vector gém i phan nr
~) A
q q
trong do g 1a sai léch gitra id tri thue ¢ va gid tri & trang thdi can bang
g, (g =g, —q¢)cuabicn khdp thi/ (i = I n).

Nang Tugng cla hé 1a ham <o cha sai léch ¢ vavan (oc g:
RO A Y AT . -
I(q,(/)=;q'13((])¢1+—7-¢/’k,.,q>() Yyg.q #0 (4.31)

trong 86, K, ta ma tran doi ximg (n x n), hicu thi do cing cua hé
thong. Thanh phén thit nhat biéu thi dong ning. thanh phin thi hai biéu
thi thé nang ctia h¢ thong.

Lay dao ham bicu thite theo thai gian va chi y ¢, 1a hing so:
=g Bly)i +§q’ Blyyj—q' K,.§ (4.52)
Ruat B(qg)g tr (4.44) va thay no vao (4.52), nhan duge
P éd’rl}(q)—zc‘.rq.c)))q ~q'Fg+q (u—-gl(q)-K,g)  (4.53)

Thanh phéan thy nhat cla bicu thife trén bang 0: thanh phan thd hai xdce
dinh am. Thanh phan thi ba chira véu to trong luc ¢f¢) va mot tic dong
diéu khién ty 1é X g . chua sai léch trang thdi. Vi vy, néu chon tin hiéu
diéu khién:

u=gry)l+K.q

thi cing da dat duoc diéu kign cua phuong phap Lyapienov, Tuy nhién.
¢6 the tang toc dé xde lap néu thém mot tic dong vi phan, dé nhan duge
tac dong dic¢u khién PD

u=g(qg)+K,§g-K,q

trong d6, K, la ma tran hang <6. xdc dinh ty 1& bu phi tuyén cia trong luc.
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Nauven Iy dieu khién tap trung ¢ bi trone Tuc duoe the hien trén hinh
hinh 4.20, trong dé ching ta nhan r6 tac dong cua sai Iech trang thdi hé
thong dén trang thai thuc.

v

e K, e TAY MAY

+
|
+

+
v

[ SR

Hinhi 4. 20 S dos diéu khién PD ¢6 biv trong hic
4.2.3.2. Piéu khien ding dong luc hoc nguoc
Van dé bam quv dao di duac dé cap vai he diéu khién doc lap. trong
dé gia thiet he 1a tuyén tinh v don. Phan ndy nham gidi quyét ciing bai
todn bam sdt quv dao nhung trong boi canh cua hé da bién va phi tuyén.
Mo hinh dong luc hoc (4.44) duge viét lai cho tay may ¢6 1 khdp nhu sau
Blg)j+niqg.q)=u (4. 54)

trong do
nyg.q)=Clg.q9)q + Fg+ g(q) (4.55)
Vector diéu khicn « 12 ham trang thai cua he théng va cho phép thé
hi¢n quan hé vao/ra duéi dang tuyén tinh. Tuy nhién, day 12 suw riven 1inh
hod toan cyc nhi phan héi phi tuyén tir thong s6 trang thai.
Diling v = § v4i gid tri hoan toan xdc dinh lam dai luong vao. 1a c6 thé
Vet i dudi dang khéc cia ham diéu khién
u=>B(g)v+nlq.q) (4. 56}
Ham nay dua trén bai todan ngudge cila dong luc hoc robot va duce thé
hién trén so dé trong hinh 4.21. V§i dai lugng vao v, hé tr¢ thanh ruyén
tinh va doc ldp. Noi ciach khdc, phan tir v, chi anh hudng dén bi¢n khép ¢,
mot cach doc 1ap véi cac khdp khic.
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7, -
2ol wanPuIATOR . = Y J’ L2 I
i J

oy ———

] n(5.4)

| B

Iinh <. 21 Serdo tuvén tih hod toan cuc dung thudt todn dang e hoe
nguoe

Nhi¢m vu bay gid la xdc dinh cu thS ham diéu khicn y. D¢ vira dam
bao tinh nang bam quv dao, vira on dinh. him v ¢an ¢ dang sau

y=—K.g-K g+r=g (4.57)

Piéu d6 dan den hé phuong trinh vi phan cap 2

g+ K.g+ K, g1

Néu K, va K, i cac ma tran xde dinli duong thi hé & on dinh tiém tién.

Moi khi cho wrudc gu¥ dao ¢ (1) tht viee bam sat né duoce thue hién boi
dai luong vio gém 3 thinh phin:

r=¢g, K, q,+K.q, {4.58)

Thay rtrong (4.538) vae (4.57), ta ¢

v=g,+ K g, -q)+ K, (4, —q) .
. (4. 59)
=G, +K.q+ K!)Ei

Hinh 422 1A so d6 diéu khidn theo thuat todn dong luc hoc ngudc.
tong dé vong kin trong theé hiegn mo hinh dong luc hoc (4.54) hoic
(4.56). vone ngoai thue hién chitc nang bam quv dao va 6n dinh he thang.
[am vice theo sal lgeh cua trang thar (4.59).

Ser 16 dicu khicn nay co vu diém 4 cho phép thay the hé pli tuvén. kép
bang n he neverr tinh. don. Tuv nhién, né dot hoi phai tinh ma trin quan
tinh Brg) va cic vector luc Coriolis, ly tam, trong truong, can.... ngay
trong thot gian 1lam viée cua robot (online va real time). Mat khac, thuar

toan cdn doi hoi phai biét chinh xidce cdce thong $6 caa hé thong.
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Hinh 4. 22: So do dieu khien theo thuat toan dong hic hoe ngioe

Trén thuc €, khong thé biét va mo hinh hod chinh xdc duge cac thong
sO két cdu co khi va cling khong thé dam bao giai mot cach chinh xdc bai
toan nguoc cta dong luce hoc tay mdy. Tinh trang trén duge khéic phuc biang
cach két hop cdc ky thuat diéu khién da néu véi ky thuat dicu khién bén
vitng (Robust Control) hoac diéu khién thich nghi (Adaptive Control).

4.2.4. Diéu khién trong khong gian cong tac

Trong cic muc trude ching ta néi vé diéu khién robot theo tu twdng
bai toan thuan cua dong hoc va dong lLirc hoc tay mdy. Muc tiéu dicu
khi¢n 1a dam bao vi tri, van 16¢ va gia toc cua cic khdp. nén bai toan dicu
khién duoc thuc hién trong khong gian khap.

Thong thudng. guy dao véu can cia phan cong tic duoe xdc dinh trong
khong gian cong tic. sau do cac thong so chuyén dong tuong (g cla cic
khdp dugce tinh nho giai bai toan nguge ciia dong hoc va dong luc hoc tay
mdy. Trong khi robot lam vi¢c, gid tri ra (cdc bién khdp) duge do, tong
hop thanh gid tri tuong Gng cua thong s6 quy dao e nha giai bai toan
thuan, dua tro lai dau vao theo mach phan hoi.

Vé nguyén tac, bai toan nguoc duogc giai khong chi dé xdc dinh vi tri
ma ca van toc va gia toc cta cac khap. Tuy nhién. dé don gian hoa két
cau diéu khicn, bai toan ngudc chi duge dung khi xdc dinh vi tri cua céc
khdp. con van toc va gia toc clia ching duge xac dinh bang phuong phip
vi phan so6. N6i chung, phuong phdp di¢u khién tap trung doi hoi khoi
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lugng tinh todn I6n. Vi vay. né ducc s dung hhi ngodi véu ciu v chuyen
dong con phai tinh dén luc tuong tic cta phan cong tac vor doi wong.
4.2.4.1. Cdc dang so do chung

Diéu khién trong khong gian cong tac dua vio su so sanh gilia ¢uy dao
ver can cla phan cong tic trong khong gian cong tic vai quy dao thie . duge
xac dinh 1w gia (1 thue (do duge) cua cdc bién khdp. Nhu vav trong mach
thuan cua so dé diéu khién cin ¢6 cdc khau dé chuyen doi sal ~0 qu¥ dao
trong khong gian ¢ong tde thanh gid tri cac bien wong khong vicn khop.

Mot phuong dn thae hién phép chuyén doi ndéi trén la diing ma 17 an
Jucobiun nghich ddo (hinh 4.23). Trong s do, Ax {a sai lcch gita v ti
véu cdu va vi thi thue cua phan cong tic trong khong gian cong tdc,
Thong qua khau bién déi, dung ma tran Jacobiun nghich dio. _v dugce
bién déi thanh cdc sai léch Ag cha cic bién khap dé diéu khien cic khdp.

Khoi GAIN MATRIX ¢6 tac dung nhir 10 xo. sinh ra lue dan hoi theo
chicu khir cdc sai lech Ag (va do d6 khu Ax).

e Ax Ay GAIN 9

N >
J, (q) MATRIX TAY MAY >

+

k()

Hinh 4. 23: So do diéu khién ding ma vdn Jucobian nghich dio

Phuong dn chuyén doi thi hai dung ma tran Jacobian chuvén vi (hinh
4.24).

x, bz GAIN T -~
—> MATRIX S (@ > TAY MAY

y

k(.

Hinh 4. 24 Ser do dicu khién ding ma van Jacobian chuvén vi
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Trong truong hop nav khoi GAIN MATRIX duoc dua lén tuwde, sinh
ra fuc didu khién cdc khdp theo chido hudng khir sai s8 Av. Luc tong quat
dé sé duge phan phoi cho cac khép nhd khai Jucobian chuyén vi,

Ching ta ciing thay. ca hai phuong dén déu suir dung bai toan thuan cua
dong tuc hoc trong mach phan hoi.

Tuong tu nhu phuong phip dicu khién tap trung trong khong gian
khop. trong khong gian cong tac clng on tai 2 dang: dién khicn o bu
trong e va diew khién dung dong hoc newoe.

4.2.4.2. Diéu khien PD cé6 bi trong luc

Kv hié¢u vi tri can dat cua phan cong tac trong khong gian cong tic la
A, vitri thue [a x. Chdang ta mong mudn sai 1éch vi tri

X=x,-x (4. 60)
¢6 xu hudng tiém tién tai (.
Nang luong caa hé 1a ham s6 cia sai léch X va van toc ¢ :

~ 1. Y ~ o~
V((}.x):;q'B((/)q+5x}K,.x>0 Vq,x#0 (4.61)

trong do, K, [h ma tran d&i xdmg (1 x 1), bicu thi do cing cua hé thong.
Lay dao ham bi¢u thic theo thoi gian. nhan duoc

. R U R .

V=¢' Blgli +o-q' Blglg - ¥'K,X (4.62)
Vi x,=0vachdyring x=. (q)g.tacé

¥=—J . (¢)g

~

Do dé: V' =q' Blg)j+ i §' Blgyg—q' T (q)K. X (4.63)
Pé vy mo hinh dong luc hoc (4.44), rdt ra:
V=-g'Fg+q' (u-gl(q)-J (¢)K %) (4. 64)
Bidu thic trén goi v chon luat dicu khicn
u=glyg)+J (q)K,.5 =T (¢)K,J (q)q (4. 65)
trong dé. K,, 12 ma triin hiang 6. Vi vay. phuong trinh (4.64) tro thanh

V= G FG—q K T (q)4 (4. 006)
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He¢ diéu khicn nhu trén hinh 4.25 ¢o dang tiwomg tu s do hinh 4,20,

K, x (g}

_ >
r 73 N
Lo L_.:V» — ! TAY MAY g

(5o I8

3 +
Te J--ic—b Np — « s
o Bl e e U - B R
) ! r
| 419(.)4

k()

Hinh 4. 25: S do diéw khién PD ¢6 bii vong e

Luat di¢u khién (4.65) hinh thanh mét tic dong bt phi tuvén cho trong
luc trong khong gian khop (twong ng vai thanh phan 2(¢)) va mot tic
dong dic¢u khién PD trong khong gian cong tac.

Bicu thitc (4.66) cho thiy véi mor qu¥ dao cho trude, khi g # 6 (hi
ham Lyapunov giam, hé thong <& tien (Gi trang thai cian bang. Trang thai
d6 duoce xae dinh ba

JqiK,x =10 (4.57)
4.2.4.3. Piéu khién dung dong luc hoc nguoc

Vet lemo hinh dong hee hoc (4345 cho tav may oo 1 Khop vhu sau

Bigig - ntg.gr=u 14.18)
trong do

Ny, q)=Cty,giqg + Fg+ giy) 14.69)
Chon luat dicu Khicn dudi dang tuven tinh hod

- Brygiy - gy (7
Cdan den haon tieh phan

i 4 71

Par luong vio v duce xde dinh theo tinh nang bany quy dao cho rude
v PE nhan duoe quan he

V= J g+ (g.q
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thi ¢6 the chon

v=J (qiE, + KX+ K.5=J (q.q)gr (4 72,
vOi K, va K, 1a cdc ma tran cbdo xde dinh duong.
Thay (4.72) vao (4.71). nhan duoe phuong innii mo ta sai lech dong
sian cong tac:

luc hoc trong khong
.A\: - [\’,','-'{7 - ]\'I.u;: () { i/. _‘\‘/

trong do. K, va K, xdc diniy 16c dé hot e cta sa [ech (61 00 8o do dicu
khién ducc the hicn iren hinh 4.26.

Bén canh 4 va ¥, can phat do ca ¢ va ¢ . N&e v v v duoe do gran ticp

thl bo dicu khién can phai tinh todn true teveén cac ham Afg ) vt fo).

ES
P I | I
rd+ 4 : K ] i I
‘ — |+ A 4 Yy . ——— ;
- ! l . ¥ ~ u’_ ey o
Joo(g) By OV MANIPULATOR X
SR L e |
; _E N — -
Xy ~ { o
I
‘ \ niq,9) E
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| h
4oy e— .
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Hinh 4. 20 S0 dd didu khién 1treo thaat 1odi dong Dye o pgioe
Nhu tinh todn dd chi ra. dicu khién trong khong gian cong tac ion
ludn doi hoi tinhv Jacobian., vi vay né thuong phie tap hou s vor dicu
khicn trong khiomg gian khép. Bt L. chiing ta nhan duoe cdc thoan ol wr
viee Mo ta trde Hep quy dao trong khong giain cong tac.
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Chudng 5
C0 SO THIET KE VA LUA CHON RDBOT

Chuong nay s€ khdi quédt két cau c¢o khi dién hinh cha tay may. N6

nham tao cho ngudi st dung robot mot co s thue ticn dé chon mua loai
robot phu hop Vo1 véu cu cong nghe va dac dicm sir dung. Pong thai,
day cing 1a 141 liéu tham khio cho ngudi thict k&, 16 hgp robot.

5.1. CAC THONG SO KY THUAT CUA RBCN

RBCN rdt da dang v¢ kEt cau va tinh nang, duge danh gid bang cdc
thong s¢ ky thuat rat khac nhau. Tuy nhién, ¢6 nhimg thong so k¥ thuat
chung cho hau hét robot. Dua vao ¢dc thong 6 ky thuat chung do. ngui
ta thong nhit hod va ticu chuan hod két cau va tinh nang cia robot. Naudi
dung c6 kinh nghiém khong bao gi ¢d chon robot ¢é mot tinh nang ky
thuat tot nhat ma bi¢t chon cac thong s& wu tién dé thoa man yéu cau
cong vice voi chi phi thdp nhat. Vi du, déi véi mot robot van chuyén thi 3
bac tr do ¢ the [ du. nhung robot phun son thutmg can tdi 6 bic w do.
Robot lap rdp hodc robot phyc vu mdy cong cu thuong phai ¢é do chinh
xdc dinh vi cao cén robot phun son thi khong. Trén robot han diém cé thé
chon kidu di¢u khién diém - diém cho ré, con trén robot hin ho quang thi
nhat thiét phai dung dicu khién duomg (contour), v.v... Muc nay néi vé
khai niém va huéng fua chon mot s6 thong s k¥ thuat chinh.

5.1.1. Sirc nang cua tay may

b6 L khot Tuomg 1dn nhat cua vat ma robot ¢6 thé niang dwge (khong
k¢ khéi tuong cua cdc co ¢du trong tav may) trong diéu ki¢n nhat dinh. vi
du khi t6¢ do dich chuvén cao nhat hoac khi tay véi dai nhat. Neu robot
c6 nhiéu tay thi d6 13 t0ng sitc ning cua cic tay. Thong s6 nay quan trong
dor vai cac robot van chuyén, XEp da. Jap rap.... Su tham khao cic tai ligu
k¥ thuat hien nay cia robot cho thiy. dai stc ning cla tay may thay doi
rat rong, (0.0 den hang ngan kilogam. Hinh 5.1 ¢ho thay robot ¢6 stic
nana dudt 100 kg chiem da s0. Cdc robot ¢é sic nang lon thuimg dung he
truyén dong thuy luc va dién, trong dd ty ¢ dung dong co dién ngay cang
tang. Truyén dong khi nén cho dén nay van duge dung nhiéu trén RBCN,
nhung ch( yéu vdi cdce robot ¢é ste nang dudi 40 kg.

Doi vai mot s6 kicu robot. ngoai st nang ngudi t con ¢6 the quan tam
dén lue hodc momen [6n nhit ma cdnb tay hoac ban tay co the sinh ra.
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5.1.2. So bac tu do cua phan cong tac

D6 1a tong s6 cac toa do ma phan cong tac ¢6 thé dich chuyén so vai
than robot. S6 bac tu do cang 16n thi hoat dong cua robot cang linh hoat.
nhung diéu khién né cang phic tap. Hinh 5. 2 cho thay phan l6n robot ¢6
4-5 bac wr do.

_ 35 33l
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Hinh 5. 1: Phan bé robot theo sitc Hinh 5..2: Phdn bé roboi theo

nang s0"bdc i do

Trong cd hoc da c6 cong thic tinh 6 bac tu do DOF ciua mot chudi
dong hoc, nhu sau:

DOF = 6n - Sk - 4k - 3k ;- 2k - k,

trong dé, n la s6 khau chuyén dong duoc; k,, ks, k. k,, k; 12 s6 khdp

bac I, I1, I1I, IV, V". Co cdu phang chi ¢6 cdc khdp bic [V va bac V, nén:
DOF = 6n - 5k, - 4k,

Néu chuoi dong hoc la chudi ho (cho dén nay van duge diing pho bién
trong tay mady) thi so khau bang s6 khop, nghialan =4k, + k, + k; + &k, +
ks, nén:

DOF=ks+2k,+ 3k, +4k,+5k,

Néu la chuéi vira hd, vira phang thi:

DOF = k; + 2k,

“Khép bac I, I L, IV, V, ¢6 5, 4, 3, 2, | kha nang chuyén dong.
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5.1.3. Vung cong tac

Kht noét den ving cong tac cua tay may, ngudi ta quan tam dén ca thé
tich (iini bang m') v hinh dang cua né. Hinh 5. 3 cho thay ving cong tdc
cua tayv may khong chi phu thuoe vao két cau co khi ma ca trinh we

chuven dong cua cic khau.
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Phye hop
sitg - décar

cau

flinh 3.3V nng cong tac cud 1ay mav (Q: khop guay, T: khop truon)

Mot thong s6 khidc lien quan dén vimg cong tac cha tay may la tam vai
cla canh tav. Tang (am v6i »¢ gdy nén su mat én dinh cua tay mdy khi
lam viée. Su phin bo cua robot theo thé tich phan cong tic vi theo tam

vOr duge the hien trén hinh 5. 4.
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quy dao cia no. . P C T :
juy daoc Hinh 5. 5: Phan ho'robot theo do chinh xie dinh vi

Dot vai thiét bi dicu khién s6. do chinh xdc dinh vi lien quan dén 2
théng s6, 14 dé phdn gidi diéu khién (control resolution) va d¢ lap lai

(repecaiabilite.
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Tuy theo véu chu cong nghé, ngudi ta dung cde robot ¢6 do chinh xdc
dinh vi trong khoang #0005 = 5) pon. Hinh 5.5 cho thady 70% 4 robot
¢d swoso dinh vi khong qua 1,0 sim. Vi kha nang cua may tinh va cdc
thi¢t bi diéu khién hién nay thi viée gidm sai so dinh vi xudng 0.05 mm
Khong gay van dé vé kinh ¢ va k¥ thoat.

5.1.5. Toc do dich chuyén

X &t vé nang sudt, ngudi ta mong muon tée do dich chuveén (thang hoac
00¢) cta phan cong tic hoac cta timg khau cang cao cang tot. Tuy nhién,
Xé1 vé mat cd hoc. 16¢ do cao s& dan dén nhimg van dé. nhu giam tinh on
dizh. lyc guan tinh 1dn. sy ke mon nhanh cdc co cau.... Xét ve mat dicu
hhién. vl do phan giai nhat dini o bo di¢u khién. mudn 1ang toc do
dich chayén ¢6 the phai giam do chinh xac dinh vi. Vi vay, vin dé chon
toc do dich chuven hop 1y luon ludn phat duoe dat ra khi thiét ké ciing
onhu hrz chon robot.

Cic bo diéu khién va hé thong chap hanh hién dai cho phép nang t6c
Ao dicu khicn té hang tram mét/phiit nhung. nhu rén hinh 5.6 cho thay
phan 1on robot ¢é e do dich chuyen 161 da trong khoang 100 = 1000
mmis (6 =060 miph}.
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5.1.6. Dac tinh cua hé di¢u khién

Hé ds¢u khién anh huong rat 1on dén tinh nang cda robot. Khi chon hé
diéu khién, ngudi ta quan tam dén cic khia canh sau:

5.1.6.1. Kiéu diéu khién

C6 hai kicu diéa khicn hav diing nhil cho RBON, do la diéu khién
diém - diém va dicu khién conpowr. Diéue khién dicm - diém duoc dung
cho cic robot hin diém, tin dinh. van chuvén.... Diéu khién contour van
nang hon, song trudc dav duge dung it hon vi phat st dung he thong diéu
khién phitc tap va dat tién. Ngav nay. nho sy phat trién clia k¥ thuat diéu
khién s6 cé tro gilip clia may tinh, né duge dung ngay cang pho bicn,

5.1.6.2. Dung luong bo nho

Bo nhd trén robot hién dai thuong duoc chia tam 2 toai: bo nha hé thing
Vi bo nho chitomg trinh. Bo nhd hé thong dung dé luu trir cdc phdn mém hé
thong. phidn mém cong dung chung. nhu hé diéu hanh, dir lieu may, cic
modul chuong trinh tinh toan dong hoc. ddng hue hoc.... Bd nhé chuong trinh
dé Juu it cdc chuong trinh (ng dung cua nguoi dung va cdc dir licu lién
quan. Thudmg thi bd nhd chuong trinh 1a RAM, ¢6 dung lugng han ché nén
dung hong cia b nhd chicone rrinh 1Ta moét thong s6 ky thuat dang quan
tam. N6 c6 thé ducc tinh bang kB hoac bing s6 (lr, s6 cau lénh.

5.1.6.3. Giao dién vdi thiét bi ngoai vi

Cdc thiét bi ngoai vi c6 thé 1a cdc thiél bi cong ngh¢ ma robot phai
phuc vu hay cung lam viéc, nhu mdy cong cu, phuong tién van chuvén,
thiét bi do,... hoac cac thiét bi luu tri¥, hién thi, in an,... Phan 16n cdc robot
phuc vu trong day chuyén san xuat cé kha nang néi ghép trong hé CIM
théng qua giao dién va mang truyén thong chudn.

5.1.6.4. Cdc tién ich

D41 vai céc thiét bi duge dice khicn bing mayv tinh thi cdc tién ich Ia
rat quan trong. P6 cé thé 1a tien ich lap trinh ¢é trg gitip d6 hoa, hé thong
day (teach-in), mé phong....

Bé thong s6 ky thuat chinh cua cdc robot thuong mai thuong duge cac
nha ché tao cung cap day di trong cdc catalog. Trong mot s6 s6 tay cling
cd cac ban thdng ké vé thong s@ k¥ thuat clia cdc robot do'cdc hang 1dn
trén the gidi san xuat.



TR KE VS TO HOP ROBOT

5.2.1. Cac nouyén tae chung
V& cg ban, thidt ke rohot cling tuan theo nhitg nguyén tac chung cua
viec ST ké mady. Chiing ta s€ i dang cic nguveén 1ac dd vio déi teong
cu the 1a oot

3.2.1 1. Xuat phar tw yéu cau cong nghe

NG rabot deu duoe thict ke va che tao de true uép thue bien hoac
phuc v cho mot qud trinh san xuat cu the, Vi vay. cie thong so Ky thuat
cua robot phat ddp ung véu cau ctia nguvén cang cong nghé. Vi du. robot
hin ho otang phai co kha nang di chuvén que hin theo dudng hin dinh
midic: ¢o e do di chuven cuz phan cong tac (kep que han) phai phit hop
voi che do han: ¢ khid nang tu dicu chinh d¢ duy 1 Khoang cdch v 26¢
nehieny cuin gue hair 5o val bE mat vat hane: phii ¢6 co cau ty dong cap
din him.... Robat fap rdp phai ¢d khd nang nam duoc vat. di clugydn i dat
no dung chd cin lap va thie hien thao tic 1ap (lva. diy, kep....). Ching
can ©6 3¢ chinh xdc dinh vi cao hoac duwe trang bi e didu khién thich
neht de nhan bict vi uf eda vaclap va tr dong lua nd then tinh huéneg.

5.2.1.2. Pem bao s dong bo he thong

Robor nhai [am viée trong hé théne cong nghé ciing véi cic thiét bi
Kisie ien ching phat phoi hop nhip nhang vt nhaw, Vi du, robot phuc vu
(chinver, ga phoi vir thav dung cuy cho mdy cong cu. khi nikan duoe tin
hrou wia cong rong chi cet phal tde dong ma Kep, nhat chi tiét bo len
bang tai. nhac phoi tir bing tai khic dat vao co cau kep. kep phoi. 1 ra
Khoiyang gia eong. phidt tin hicu kep cong dé cho phép may cong cu lam
vice, Nlur vav, irang thai {am viée cta mdy, robol, ¢fic bang tai.... phi
duce thudmg xuven eidm <ét. ditu khicn dong bo vai nhau, S true rac
trong phai hop <8 gav 1oi loan va nguy higm.

5.2.0.3. Chon két réu dién hinh

Ko thit WO cau 1 mot nouven 1ac co ban etz thi¢t k¢ may. Khi thict
koo dUoeo ¥ hav khang, i bay nhiéu. naugi thiét k€ cling phai k& 1hira ket
civ nao dé. Pica hinh hod két cau 12 su k¢ thia K&t cau mot cich ¢o ¥
thite v ©6 19 chite bang cdch hé thdng hod Ket cau, 1o chitie k&t cau thinh
cie shom dier hinh. Cong vide ela ngudi thict k& 1 chon ket ciu dién

W, hicw chinh chung néu cin v 16 hop nd vivo h thone. S ding két
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cau dicn hinh 1am cho gua trinh (hi€t k& va ché tao duge don gian, nhanh
chéng. chat luong v ré (ién. Thict k& robot theo phuang phip to hop
modul (s&8 duce trinh by o phitn sau) 12 dang phat trién cao cla sur dién
hinh hoa két cau.

5.2.1.4. Pam hao su hoa hop gitta robot vot moi truong

Nouven tac nav dam bao sir lam viée ¢6 hiéu qua, tin cdy. an toan, bén
lae cua robot. No tinh deén nhic¢t dé mot truong, do am. (uong khi hoic
chat gay hai, mat do bui. mue do rung dong,... C6 2 bién phdp dam bao su
hoa hop gilta robot vé méi trwong. Bicn phap thtr nhat la cai tao moi
trudng. nhu dicu hol khong khi. toc bui, Joc doc. cach Iy d¢ chang rung
Bién phap nav kém hicu gqua khi pham vi lam viée cia robot rong, vi du
trong phan xuong. trong him ma.... Khi d6 npusi ta dang bién phap thir
hai. 1a bao vé robot hoiic ¢iic bo phan cna né khoi tac dong ¢d hai ciua maéi
truang. Vi du bao kin cdc khor dicu khién: [am mat cuc ho cde bo phian
phdt nhiér hoie ane kha nang chiu nhiét cua chidng. Nhi¢u khi phoi hep
cac bign phap ¢6 thé mang lai hiéu qua c4o.

5.2.1.5. Su hea hayp girva robot voi nguot dung

36 la tinbh dén s tde dong cua thiét bi dén tam, sinh 1y cua nguM
dimg. Neav nay. nguoi ta hay néi dén quan hé "than thizn” giva may moc
véi ngudi ding. N6 la k&t hep ctia cac nganh khoa hoc. nhu tam sinh 19
fao dong. nhan rac hec, to chite lao dong.... Sirhai hod d6 theé hién & hink
dang. kich thude. vi tri, mau siic, am thanh,... ma con ngudt cam nhan khi
tép xtc vai thiét bi. Cé maot nganh khoa hoc. nghién citu vé cac giai phap
thich k& dam bdao su hod hop eifra may mée va con ngudi. gor |
Ereonsmics. Pidc tinh the hién tinh phit hop gita thiét bi va con ngudi
ducc goi la nh ergononiic.

3.2.1.6. Thiét ke o dinh hiaong san xudt

Nauven tac nay ndi vé nal cong nehd caa két cau. HDinh hudog cla nd
Ji thict k¢ ra K&t et sao che vige ¢h€ o nd duge dé dane nbat, ¢ tién
nhat. Chi ticu cua tink cong nghc B chi ticu kinh (8, nhung bicu hién da
né rat khic nhau, tuy thuoce didu kién san xual cu thé. Chinh vi the,
nEUVEN tac pdy con co én 1d thiét ké'dinh hucmg phan xicng (Workshon
Oviented Dexion).
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5.2.2. Cac cong viéc phai tién hanh khi thiét ké robot

Robot 1a thiét bi rat phitc tap, nén thiét k& va ché tao né la cong viée ¢d
tAm ¢d quéc gia cla cdc nganh hodc cde hing cong nghiép 16n. Riéng
vice thiét k¢ robot dot hoi khéi lwgng cong viée rat 16n, da dang cua cac
tdp the cdn bo thiét k€ ¢o6 trinh dd chuyén mon cao. Thuong cdc 1ap thé
dé duge lanh dao bdi cac tong cong trinh su, chiu trdch nhiém thiét k&
hé thong va diéu hanh chung vi cdc nhdm cdn bd thict ké chuyén
nganh, phu trach cac hé thang ricng bict, nhu co khi. thuy luc. khi nén,
diéu khién va truvén dong dién,... Trong bdi canh giao luu kinh t& va
k¥ thuat mang tinh toan cau nhu hién nay. khong may khi ngudi ta
thi€l k€ va ché tao cdc thiét bi "tir A dén 7. Tuy nhién, dé ban doc
hinh dung mot cich téng qudt qua trinh thiét k& robot, chiing 101 néu ra
cdc ¢ong viéc can 1am nhi sau:

1. Phan tich qud trinh cong nghé dé x4c dinh khau nio cin phai st
dung robot, chi y dic biét cic khau sir dung lao dong chan tay hoac diéu
kién lao dong khic nghiét. So bo danh gid khd ndng va hiéu gua cta viéc
st dung robot vao cic khau do.

2. Nghién ctu cdc thong s6 k&t ciu cna doi tugng du dinh sé xtr 1y
bang robot, nhu hinh dang, kich thudc. khéi huong. trang thdi vat ly
(cting, mém, 16ng....), su phan bo khéi luimg cha tai trong,...

3. Nghién citu diéu Kién méi truong su dung robot nhu nhiét do, bui,
rung dong, kha nang gay chdy né....

4. Xac dinh cdc thong s6 k¥ thuat chinh cta robot theo yéu cau cong
ngh¢. Tur d6 tinh todn cdc chi ticu kinh t& - ky thuat, lua chon phuong dn
thiét ké hop 1y vé mat k§y thuat va kinh t&.

5. Phan chia ké&t cau thanh cdc cum cd cau chinh. Xdc dinh cum nao cé
san trén thi trong, cé thé mua duge; cum nio ¢6 thé st dung thiét k& da
¢6; cum nao phai thiét k¢ va ché tao méi hoan toan. Phan chia nhi¢ém vu
thiét k€ cac cum cho cdc bo phan chuyén nganh.

6. T6 hop hé thong. thir nghiém trén m6 hinh. Trong giai doan nay nén
su dung Ky thuat mo hinh hod trén mdy tinh dé giam chi phi va thai gian
tha nghiém.

7. Ché thu. thir nghiém robot trong phong thiét k& va trong sdan xuat.
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8. Pidnh gia két cau vé tinh nang k¥ thuat. cong nghé ché tao, kinh t¢.
Tir dé dé xuit cac bién phdp hoan thién két cdu va cong nghé ché tao
robot.

Trong mdi bude thiét k& can chid y tham khao cac mau robot dad ¢6
hoas fim mua cdc cum chitc nang ticu chudn, cé san trén thi trudng. Cing
can hét sic quan tam dén dicu kién ch€ tao cdc cum két cau mai. Tuy tinh
hinh cu the, mot s6 budce ¢6 the 1a khong can thiét hoac trinh tr thue hién
chung c6 thé thay doi.

5.2.3. Thiét ké robot theo phuong phap té hop modul

Phuong phap 19 hap theo modul duge dp dung trong thiét k¢ va san
xuat may moc néi chung. Phuong phip nay dac biét ¢6 hizu qua déi véy
cdc san pham thong dung, nhu 6 16, mdy cong cu, robot,... Ban chat cla
phuong phdap ndy la t6 hop thiét bi tir cic cum két cau ¢é cong dung
chung. nhu than, co cav phdt va truyén luc, phan cong tac, phin diéu
khién.... Ching dugc néi ghép va truyén nang luong hodc thong tin cho
nhau nho cac chi tiét ndi ghép nhanh. Mudn thiét k& va san xuat robot
theo phuong phap 16 hop modul thi cac cum két cau phai duoc thong
nhat hoa, ti¢u chudn hod. Vi vay, thiét k& theo phuong phép té hgp modul
gan lién vdi thong nhdt hoa, tiéu chuan hod két cau.

Phuong phdp t6 hgp modul cé cac wu diém chinh sau:

- Giam thoi gian thiét k& va ché tzo, vi s& dung cdc ban thiét ké hoac
cdc cum ché tao ¢é san trén thi truong. Nhicm vu cua ngudi thiét ké mdi
chi 1a chon va t8 hop chiing theo yéu cdu thuc € va ché tao b6 sung cdc
chi tiét phu.

- Thoa man cdc diéu kién lam viéc tiéu chudn véi két cau don gian, su
dung dugce cic giai phap két cdu 61 v, it pham phai cdc két cau va chite
ning thira. Khi thay doéi véu cdu cong nghé, vi du khi céi tao diy chuyén
san xuat, khong nhit thiét phdi mua hin robot mdi ma ¢ thé thay déi, bo
sung mot s6 modul cua nd.

- Nang cao chat luong va do tin cdy ciia thiét bi, vi cdc cum tiéu chuan
dugc ché tao vdi chat luong cao, duge thir nghiém tai cdc co sd chuyén
mon hod, cé kinh nghiém. duoc dau tu day da cdce thiét bi gia cong va thi
nghiém chuyen dung.

- Giam gia thanh thiét bi, vi cdc cum duge san xudt véi tinh loat cao.
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- Vi cic modul cta robot duge chuan hod cao nén nhidu robot sg sur
dung chung mot s¢ it modul giéng nhap, tao d¢ dang trong vice bao
dudng. bao tri. stra chita, thay thé chiing sau npay.

Nhupc diém co ban clia phuong phip té hop modul 12 khé thoa min
cac véu cau ca bict. C8 mot s trudng hop lam cho thiét bt cong kénh,
nang né. tinh nang k¥ thuia khong hop 1. Mat khdc. phai ton kém rat
nhi¢u cho viée thong nhdt hoa. ticu chuan hoa k&t cau.

Su thong nhat hod. tice chuan hod k& can nham giam s6 chung loai
san pham, n¢n fuon fudén mau thuin vdi tinh da dang trong k&t ciu vi 3u
dung ching. Mat khdc, su phat trién khong ngimg trong k¥ thuat thiét ké.
cong nghé. vat héu, két cau.... luon luon co xu hudng phda va cdc tcu
chuan da xay dung. Lua chon ¢hi tiéu d¢ théng nhat hoa vi tiéu chuin
hod la viée kho khan. D1 vai robot, ngudt ta da chon cde chi tieu sau:

Theo tinh ndng, ngud ta phan robot chia thanh cic "gam" vé sic
nang, toc do dich chuvén, tam véi. do chinh xac dinh vi.... Mét so tinh
nang khong thé thay doi. mét s6 khic ¢o thé thay déi trong ndi bd gam.
Tuong ty, ngudi ta cling phan ahdm robot theo kiéu diéu khién, vi du diéu
khién di¢m - diem. diu khién contonr.

Theo chiic ndang, noudi ta thong nhat hod. tiéu chuan hod céc cum
chiic cuo ban nhu cum chuyén dong thang, chuyén dong goc, phin cong
tic. he didu khién. h¢ chap hanh, thict hi do.... Ching ta ¢6 the tim thiy
thong so kK§ thuat ctia cdc cum 1icu chivan trong cdc 56 tay. Mot cum chife
nang phai cé vat tro doc &p nhat dinh, dong thot phai o6 tinh van nang. Vi
du. bo diéu khién can cé kha ning {am viée v6i he chap hanh dién co, thuy
Iyc. khi nén: ¢& the nhan tin hiéu tir cdc loai sensor khdc ahau. Tay ¢6 thé {ip
va 1am vige vai cie foai thict bi kep khac nhan.

Theo cong nghé, ngudi 1a thong nhat hod vi tiéu chean hod diéu kién
st dung robot, vi du robot han, son, rebot phuce vu day chuyén san xudt....

Mot sé vi du dién hinh ket cau 16 hap modul ¢6 thé thay & robot MHU
Senior, MIIU Junior, MHU Minior cva hang Electrolux (Thuy Dién);
MHU-500 ctua hiang Bosch (Phédp). Robitus RC coa Misubishi (Nhit).
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(b)

Hinh 5. 7: Cdc robot kiéu
Robitus RC duve 16 hop e

cac modul ciing kiéu

(a)

Trén hinh 5.7 (a) va hinh 5.7 (b) la hai robot khdc nhau thuoc kiéu
Robitus RC. Robot thit nhit duge dat ¢6 dinh trén nén, cdnh tay chuyén
dong 1én xudng. viing cong tac la mot phan hinh cau. Robot thit hai kic¢u
cong, canh tay duge treo va chuyén dong trén ray, viing cong tic ¢6 dang
hinh chtr nhat. Diéu ddng chi v la modul cdnh tay va toan bo hé thong
truyén dong thuy luc va hé thong diéu khién lién quan déu cting kiéu.

So d6 16 hop trong hinh 5.8 cho thay su phong pha va da dang hon cia
cdac phuong dn 16 hop modul. Tur mot s6 modul: canh tay 1 v6i co cau
chuyén dong qua lai, co cau quay cdnh tay lén-xuong trong mat phang
thang dimg 2, co cdu nang ha cdnh tay trong mat phang thang ding 3, co
cdu xoay ¢d tay lén-xuong trong mat phang thang diing 4, co cau xoay ¢
tay trdi-phdi trong mat phang thang ding 5. phan cong tdc 6 v cic modul
than, gid (8 +10) ¢6 thé t6 hop thanh cdc robot Robitus RC khic nhau:
robot c6 dinh, than quay, c6 2 canh tay gat gu (a); robot di dong trén ray,
than quay, mot canh tay 1én xuéng (b); robot di dong, thin quay, mot
canh tay lén xudng va gat gu (c); robot treo, chuyén di dong trén ray,
mot cénh tay (d); robot c6 dinh, mot cdnh tay gat gu (e); robot c6 dinh,
than quay, mot cdanh tay gat gu (f). Phuong an cudi cung tuong tng vai
mau robot trén hinh 5.7 (a).
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Hinh 5. 8: Cdc phitong an 16 hop modul ctia robot ho Robitus RC

Cic robot ho Robitus RC ¢o thé dung hé truyén dong khi nén, thuy
luc va hé diéu khién mot, hai hay 3 toa do.Tuy theo bo diéu khién va
truyén déng ma tai trong cla chiing ¢6 thé la (15 + 55) kg, do chinh xdc

dinh vi la 20,1 mm hoac #0),2 mm.

Trén hinh 5.9 (a) la bon phuong dn (6 hop robot vdéi cac hé toa do Dé-
cdc, tru, cau tir 12 modul khac nhau. T cac mai tén trong so do ching ta
¢6 thé nhén biét chiic nang cua timg modul va trinh tu 16 hgp ching. Hinh
5.9 (b) Ia mot méau tuong tng véi mot trong nhitng phuong én t6 hop noi

trén (phuong an d).

110



Hinh 5. 9: Cac robot
Robitus RC dioc 160
hop tir cac modul ciing
kiéu

5.3. MOT SO KET CAU BIEN HINH CUA ROBOT

Pé minh hoa cdc wr wwong chung vé thiét ké robot da trinh bay & trén,
dong thoi gitp ban doc hinh dung duoc phin nao vé két cau ctia robot, ké
thira c6 chon loc ching khi can phai thiét ké robot, phan nay gidi thiéu
mot s6 két cau dién hinh cua cédc robot do cidc hing khac nhau trén the
2161 san xuat.

5.3.1. Robot ¢o dinh trén nén, dung hé toa do Peé-cac va toa do tru

Dang don gian nhat thuoe nhém nay 1a robot ¢é canh tay chuyén dong
trén 1 dan hiong cong xon. Mot trong nhiig dai dién ctha nhém két cau
nay 1a robot MP4 cta Lién x6 (ct). D6 1a loai robot dién-co véi so do
dong duoc biéu dién trén hinh 5.10.

Trong than 1 cua robot chita co cau nang tay va quay né xung quanh
truc thiang dimg. Chuyén dong quay duoc phdt dong tir bo dong co-giam
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toc 3, qua cap banh rang 5 - 4. Binh rang 4 gan lién vGi ong 6 va tang
trong 7. Goc quay cua tang trong va cua cdanh tay duoc giam sat nhao cap
sensor khong tiép xuc 8. Xilanh khi nen 9 co tdc dung dinh vi chinh xac
vi tri goc cua canh tay. Co cau nang canh tay gom dong co dién 18, bo
truyén truc vit - banh vit 19, banh rang 20, thanh rang gan trén 6ng 6. Canh
tay dugc kep va lén xuong theo ong nay. Canh tay cta robot co dudi duge
nho dong co 10. cap banh rang - thanh rang 11. Vi tri theo huéng kinh cua
cdnh tay dugce giam sat nho sensor khong tiép xic va cac "cd” gan ten cic
ranh chir T cia tam 12. Piém dimg chinh xdc cla canh tay dat ducgc nho
xilanh khi nén 14. Robot duoc trang bi bo diéu khién chu trinh.

Hinh 5.10: So do dong ciia robot MP4

Vi ca cdu nang cdnh tay ki€u cong xon nhu mé ta & trén, khoang dich
chuyén ctia canh tay theo phuong thang ding bi han ché bai chiéu dai
dan huéng thudng nho. Vi vay né duge ding cho cdce robot nang chuyén
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don gian, lam viec trong hé toa do vuong goc hoac toa do tru, dung
truyén dong khi nén hoac dien - co va bo diéu khién chu trinh don gidn.

Dé khic phuc khuyét diém ctia co cau nang cdanh tay néi trén, canh tay
dugce gdan trén ban trien (hinh 5.11). Tru dén hudng tua 2 dau cho phép
nang chiéu cao ving cong tic tGi 2 m, tai trong / = 1000 kg. s6 bac wr do
3 +7. Robot thudéc nhém nay duge san xuat tai hau hét cac nudc lon trén
thé gidi, vi du Lién x6 c6 P®-1001 C, UTOKAP, PKT®b: Bulgari cé Pb-
231, PB-232, PB-233; Hungari co [R-51; Balan c6 HM-3, MP-25; MV co
ho robot Versatran: Nhat ¢6 MHY Junior, Versatran E-302,
UMI320PT.... trong d6 ¢6 thé coi ho robot Versatran cta hing AMF
Versatran Automation System cua My la dai dién vé két cau. Chiing dung
hé thong truyén dong co khi - thuy luc. Chuyén dong quay quanh truc
thang ding duogc thuc hién bai 2 xilanh thuy luc va truyén dong xich.
Chuyén dong thang dimg ctia ban truot ciing do cdc xilanh thuy luc dam
nhiém. Hé truyén dong cho ban tay (quay, trugt, gap va nha vat) duge dat
trong canh tay. Tuy theo yéu cau sir dung, chiing ¢6 thé dugc trang bi cdc
loai diéu khién khac nhau. Loai don gian nhat trong chiing chi luu tri¥
duoc khoang 20 lénh; loai hién dai hon c6 bo nhd trong mo rong, cho
phép str dtjng chuong trinh con va cde chu trinh chudn.
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Hinh 5.11: So do két cau robot voi canh tay gdn trén ban truot
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Mot dang khac thuéc nhém nay la cdc robot ¢é canh tay gap. Do la
san pham cua cdc hing Nagoya Kiko, Icnikon Industries, Tokyo Keiki
(Nhat). Trén hinh 5.12 la so d6 dong hoc cta robot MATBAC IRB-10 do
hang Tokyo Keiki san xuat. Trén than | lap cac hé thong ning ha va quay
gid canh tay 33. Canh tay gom 2 khau (22 va 25) dai nhu nhau, noi voi
nhau bang khop tru va truyén dong qua nhau bang xich. Goc quay cua
khéu bi dong 22 gap doi goc quay ctia khau chi dong 25 dé duy tri phuong
chuyén dong ngang ctia phan cong tic. Phuong nam ngang clia ban tay
dugc duy tri nho co cau binh hanh, gém cac khau 22, 25 va cac thanh noi
21, 28. Trén dau madt khau 22 gan gia 20 cha cd tay va ban tay. Pong co
thuy luc 15 quay c6 tay. Dong co thuy luc 19 tao chuyén dong ra vao (kep,
nha) cta cac ngon tay. Chuyén dong nang ha gia 33 do dong co thuy luc 34
dam nhan. Co cdu quay gia 33 gém 2 xilanh thuy luc 2 va bd truyén xich 7.
Xilanh thuy luc 35 thuc hién viéc co dudi canh tay. Cic cam bién 12, 32,
37 dung dé giam sat vi tri ctia ban quay 10, canh tay 25 va gid 33.

Hinh 5.12: So do dong cua robot MATBAC IRB-10)

Céc robot ¢é thé dugc trang bi bo diéu khién TKC-10 cua hang Keiki
(Nhat) hoac RC-7000 (Thuy Dién). TKC-10 1a bo diéu khién vi tri, ding
tin hiéu twong tr. N6 ¢6 thé diéu khién déng thoi 2 toa do. RC-7000 [a ho
diéu khién s, ¢6 thé diéu khién dong thai 7 toa do, bd nhd o thé chita 250
+5000 Iénh. N6 ¢6 20cOngvao va ra dé noi ghép véi cac thiét bi ngoai.
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5.3.2. Robot co dinh trén nén, dung hé toa do cau

Trong hé toa do cau, dé dich chuyén ban tay theo phuong thang ding
can phai hop 3 chuyén dong: tinh tién cang tay theo hudng kinh R. quay
canh tay quanh khdp vai trong mat phang thang ding mot goc @ va
chuyén dong quay cta ban tay quanh khdp cd tay dé bu goc quay .
Muon chuyén dong theo mot quy dao bat kv, thuong robot phai ¢o 16 5 +
6 bac tu do. Cic robot UNIMATE cua hang Unimation Inc (M) la dai
dién dién hinh cua loai robot nay. Hang da san xuét trén 10 méu co sa dé
thue hién cdc nhiém vu khdc nhau trén day chuyén san xuat. Ngoai ra
nhiéu nude da san xuat robot toa do ciu theo thiél ké ctia Unimation Inc.

Hinh 5.13: S do két cau cia robot Unimate Mark {1

Trén hinh 5.1 3 la so dd két cau cua robot Unimate Mark I1. N6 ¢ 5 bic
tu do. Canh tay duoc gén trén tru 31, quay quank truc thang ding nho
xilanh thuy luc 18. Xilanh thuy luc 17 tao nén chuyCn dong lic (quay) ctlia
canh tay quanh khép vai. Xilanh 30 tao chuyén dong ra vao (hudng kinh)
clia cang tay. Xilanh 13 thong qua bo truyén xich 14 tao chuyén dong quay
cla ¢o tay quanh truc. Chuyén dong quay co tay trong mat phang thang
dumg do xilanh va bo truyén xich dat trong 6ng cang tay thuc hién.



Hinh 5.14: So do két cau cua robot Coar-A-Matic

Mot phuong dn két cdu khédc cua robot ding hé toa do cau la canh ray
nhiéu khau. Uun diém cla két cau nay la gon, ¢d vang lam viéc 1dn.
Chung thudmg str dung truc ti€pddng cochuyén dong quay, nhung mot so
van dung cdc dong co chuyén dong thang keém theo co cdu bieén doi
chuyén dong nhu xich, thanh rang, don.... d¢ tao chuyén dong quay cua
khau bi dan. Nho vay, bo phan cong tdc van gilt dugc chuyén dong thang
trong khi cic khau dan chuyén dong quay. Co cau nhu viy duge tng
dung trén robot phun son COAT-A-MATIC ctia hiang Retab (Thuy Dién).
Su do ket ciau cua nd cho tren hinh 5.14. Robot ¢6 6 bac wwr do. Mam 16
quay quanh truc thang dimg nhd xilanh thuy luc 18. Canh tay lién két véi
méam qua Khép quay. Xilanh thuy luc 21 ¢6 mot dau gan véi mam quay
qua tam noi 20, ddu kia gan vdi khau 8 thong qua chac 24, tao chuyén
dong lac lu cho khau 8. Chuyén dong quay ctia khau 28 do xilanh thuy
lue 9 thue hién. Chuyén dong lic clia ¢6 tay quanh 2 truc vuong géc duge
thuc hién nhd 2 dong co thuy luc quay 1 va 3. Pong co thuy luc 6 quay
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gia kep sing phun son quanh truc con lai. Trang thai cua hé théng duoc
gidm st nhd cdc sensor kiéu chiét ap 2, 4, 5, 7, 15. Trén robot dung bo
diéu khién contour. Viéc lap trinh dugc thue hién bang phuong phap day,
nghia 1a nguoi van hanh dich chuyén dau phun theo quy dao can thiét, bo
diéu khién nhé lai quy dao dudi dang chuong trinh. Lo xo 11 git vai tro
can bang, giup cho viéc dich chuyén dau phun bing tay dugc dé dang.

5.3.3. Robot treo

Cac robot treo dugc lap va chuyén dong trén cac dudng ray trén khong.
Uu diém co ban cua ching 1a khong chiém dién tich san xuat, it can trg hoat
dong cta cac thiét bi khdc va ¢6 vung lam viéc rong. Cic robot treo cd thé
van chuyén nguyén vat liéu, thiét bi trong tmg phan xuong hoac giita cac
phan xudng. Ching c6 thé phuc vu nhiéu thi¢t bi khdc nhau trong day
chuyén san xuat. Chiing ciing c¢6 thé dugc dung vao cdc cong viéc lap rap,
rita, phun son, han,... Theo s6 phuong chuyén déng cla tay, ¢ thé phan céc
robot treo thanh 2 loai: robot chuyén dong theo mot phuong (kiéu palang) va
robot chuyén dong theo 2 phuong (kiéu céu truc).

Robot CM40®2.80.1 (Lién x6) la dai dién dién hinh ctia robot ki¢u pa
lang. N6 dugc thiét k€ dé phuc vu cho 60 ki¢u may gia cong kim loai ¢é
truc chinh nim ngang, bo tri theo mot hang hodc hai hang song song. So
dé dong hoc cua robot CM40®2.80.1 duoc cho trén hinh 5.15.

Hinh 5.15: So do dong hoc cua
robot CM40®2.80.1
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Canh v cua robot dirge ean tren gid [ cd the di chuyén tren ray (rong
Khoang 12 m nhd dong <o bude thuy lue M1, hép gidm toc 2 cap vi co
ciwu banh rang - thanh rang. Thanh rang ducc gan trén thanh ray 11, Khau
dan 3 via khau bi dan 5 cta ciénh tay chuyén dona nhdy cic dong co budc
thuv lue ¢o kKhuveeh dai thiry Tge M2 v M3. thong qua hop giiim toc mot
CAP va cde cap vit e - dar o bl 9-10 14 870 Do 14 cie chuvén doug
quav. lac [ quanh cdce trac 210 6. Trong cac hop giam toc ¢é cac v hop
dren - EM L va EV2 A€ phanh cée co cau khi nadt dong dicn cuny cap
cho dong ca Ban lue 4 vdi vilaph thuy lue XL tao chivén done guay
Clir €O lay

Robot CMA0D2.R0.1 dirae trang bi bo difu Fhien YVIIM-331 vai duna
tuong bo nha 0.5 &8 Tap trinh bang phitong phdp dav.

Robot Kt ciu true oot hoot ddne. do cling vima viv siic ndng cao
hou kicu paling. Tuy nhicn, k&1 ¢iv can true cong kénh va phai gan lién
vai nha xuedng, ¢ thém ot Kha nanz chuyen dong ch robet cdu e,
can bo sung MmOt he ruvén done. Naebi dicu d6 va, KO ciu cda phin tay
may khona co gt thay doi <e vé robot kidu po lany.,

5.3.4. Robot ¢6 dien khién thich nehi

Robot ¢d dizn kbien thich nght (goi tat 1a rohot thich nehr) 1A loai
robol ¢d ki nang trr phan drig mot cach ¢6 ot trude s bien déng khong
lutng tirde dirae cta mot trirng. Sy phan tng d6 dua vao cde thong so
do duoc coa mor eong, Vi ducia Voo, Gnh chdl vat 1y coa doi tuang.
hoae dira vao trang thai cia cie co cau trong robot. Trong trizong hop nay.
churone temh dicu Mhidn chi dinh hudne se bd hoat dony ctta rabat, Chinhy
RS ¢ phai e hicu”. thu thip bo sang viy chinh xdc hod hoat dong cua
minh trén co ¢ pban teh tah trme thue (¢ ctta moi regne. Nha khi
nang thich dng linh hoat vt mat (rirong ma cace robot thich nghi Yam duoc
nhime vice ma robot thong thudma Lhong lam duge. vidu timt \idm. nhin
bict dot trene, thav dai e kep. dinh i hoace dinh hudne chi 8. Phan
G rohot thone thudmg 6 e o thank rehot thich pehi néu th«i“m he
thomg seaser d& ths rhan theng tn v mos trudime. chuong tinh phin tici
thane tn tho durge vie ra quyet dini theo chuen luge nhat dinh.

Jinh 5.16 mé i hoat d4ana cta co cdu thich nghi tren rehot kicu HI-T-
Hand Expert-2 ctia hiing Hitachi (Nhat). N6 duge dimg d¢ {dna 2 chi t:él

tron xoav v phewe, Hinh 5016 G 1 s do chune cta toan ke thany thict
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bi lap rap, gom robot chinh 4 ¢6 3 bac tu do, dung hé toa do Dé cac va
mat robot phu 7 ¢6 mot bac tu do (quay quanh truc thang ding). Hai
méng 5 va 6 cung cap hai chi tiét can lap. Co cau thich nghi dugc lap trén
tay 3 cua robot chinh 4 qua 1o xo phang, dang chir thap 2. Trén 16 xo ¢6
dan hé tenzomet d¢ xdc dinh 3 thanh phén x, y, z cta lyc tiép xdc gita hai
chi tiét. Tuy theo ty Ié gitra cdac thanh phan luc ma chuong trinh di¢u
khién xac dinh phuong di chuyén cua tay, sao cho tdm truc trung véi tam
16 dé c6 thé I6ng ching v&i nhau (hinh 5.16 (b)). V6i co cau nay, robot ¢6
thé lap bo doi ¢6 khe ha khoang 20 um.

Batddulap  Dichuyén Lap Hoan thanh

b)

Hinh 5.16: Co cdu thich nghi cuia robot ldp rap HI-T-Hand Expert-2

Hinh 5.17 la so d6 co cau thich nghi. phoi hop gitta thiét bi quan sat
quang hoc va hé thong xic gidc co dién, duoc lap trén robot ETL cua
Nhat. Robot ¢6 6 bac tur do. Trén cic ngon tay ¢6 gan cac sensor Xic
gidc. 1am viéc o ché do 1-0. dé gitp robot tim vi tri vd huéng cua cdc vat
trong vung cong tic.
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Hinh 5.17: Cer cdu thich nghi phot hop trén robot ETL

Vi tri cua cac ngon tay Khi tiép xdc vai vat duge giam sdt nho cic
sensor vi tri dit trén ban tay, tir dé xdc dinh kich thude cha vat va thay dai
lue kep cua cdc ngdn tay. Hé thong quan sidt, gom cdc camera |, 3 cing
kinh loc mau 2 dé nhan biét hinh dang, vi tri va mau sac cua cac vat trén
mat ban; céc khoi phan tich: 5 - mau sac, 6 - hinh dang, 7 - vi tri. Khoi 8
tao chuong trinh diéu khién. khai 9 diéu khién chuyén dong cta robot,
khoi 10 diéu khién ban tay theo tin hiéu xic gidc.

5.4.CO CAU TAY KEP

5.4.1. Khai niém va phan loai tay kep

Phan cong tac cua robot rat da dang. Trén cdc robot chuyén dung thi
phan cong tic cing la thiét bi chuyén dung. Vi du, phian cong tic cua
robot phun son la sting phun son, cua robot han 1a kim kep day han,...
Trén mot loat cdc robot van nang, thuong la robot van chuyén, lap rép.
x€p do.... thi phan cong tdc ¢6 chire nang nam, git va thuc hién cdc thao
tac khac nhau véi doi tuong (xoay, lua, dat,...). Bo qua su khac biét vé két



céu, can cr vao chite nang chinh cita ¢o cdu ching ta goi né 1a ray kep'.
Muc nay s& khong dé cap dén phan cong tdc chuyén dung ma chi néi vé
cu cau tav kep.

Cac doi tugng ma robot phai xur Iy rat khiac nhau v¢ kich thude, hinh
dang va tinh chat vat 1y, nén tay kep cing hét sac da dang. Yéu ciu co
ban doi vGi tay kep [a lam viéc tin cdy: bat ding doi twong, gitr chic....
nhung khong lam hong doi tugng. Ngoai ra, né can gon nhe, tic déng
nhanh. Tinh van ndng va su gon nhe luon luén mau thuin vdi nhau. Mot
mat ngudi ta ¢& pang ma rong pham vi hoat dong cua tirng tay kep. Mit
khdc ngudi 1a tao ra bo cac tay kep ¢ tinh nang khic nhau dé ngudi diing
¢6 thé chon tay kep phii hop nhat cho timg viée cu thé.

Tay kep duge phan loai theo nhiéu dac tnmg khédc nhau, nbu theo cong
dung. theo phuong phap giir vat, theo tinh van nang,... Ching ta quan tam
dén cdce dic trung lién quan truc tiép dén két ciu, nhr sau:

- Theo nguyeén 1y vac dong ¢6 tay kep co khi, chdan khong, ur'iruong,
rinh dién,...

- Theo kha nang diéu khién ¢o tay kep khong ¢6 diéu khién, diéu
khién cing. diéu khién thich nghi.

- Theo ngudn nang luong cd cic loal tay kep ¢6 ddn dong va khong c6
dan dong.

5.4.2. Két cau cua tay kep

Do su da dang vé két cau cua cdc tay kep, fai liéu niy khong thé mé ta
hét cic dang két cau cua ching ma chi nghiér citu két ciu cua mét so loai
tay kep dién hinh.

5.4.2.1. Tay kep co khi

D6 [a loai tay kep dé gid, di chuyén déi tugng bang cac mé kep, moc.
cang. tdm do,...

Tay kep khong 6 diéu khién ding cac loai mo, nhip, chau.... dé kep
vat nho tdc dung cha 10 xo hodac nh& luc dan hoi coa chinh cdc chi tiét
trong hé théng (hinh 5.18). K&t ciu cua cdc tay kep loai nay rat don gidn.

" Khi nhan manh su tuong 17 gilta tay may va tay ngudti, cé thé goi co cau
nay la ban tav (Hand). Nhung né thuong duge goi la co ciu kep, tay kep :
"3axsaTHoe ycTpoictao” hodc "Gripper™.
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Chiing khong ¢6 nguon dian dong riéng, khong ¢ co cau him nén luc kep
dao dong theo kich thude cna dsi tugng. Vi vay, ching thudce loal tay kep
chuyén dung, duge thiét k& cho timg loai d6i tugng cu the, véi pham vi
thay doi kich thudc hep. Do cic diac diém trén, ching duge dung chu yéu
trong san xuat hang khoi.

?

NN
F;

Hinht §.18: Tay kep khong ¢é diéu khién

DéE dam bao su lam vice tin cay va on dinh ngay ca khi ¢6 bi¢n dong kich
thude cha doi twong, tay kep duoc bd sung co ciu hdm, vi du nhu co cau
trong hinh 5.19. Nho co cdu ham ma tay kep lam viéc vdi hanh trinh kep,
nha mot cach ranh mach hon mac d van khong cé ngudn dan dong riéng.

Tay kep trén hinh 5.19 (a) duge dung véi chi tét tron xoay. Luc kep
duge tao ra khi dudi tic dung cua trong luc, tdim ném 4 tdc dung Ién mat
nghiéng trén dudi cliia cdc mo kep 1. Khi dat var xuong, ném 4 ticn gan
dén vat, hai mo kep duogc giai phdng. nha vat do luc kéo cua 16 xo 13.
DPiéng chd y & diy Ja co cau ham. N6 gom than 7 gin licn vdi can 5. Chaét
hdm 10 gan trén can 12 nhung cé thé quay tu do trén d6. Trong 18 cla
than 7 ¢ 16ng (khong quay duge) 2 bac 8 va 9. Bac 8 ¢6 cdc vau phia
dudi, bac 9 ¢6 vau ca trén va dudi. Cac vau nay. moi lan an khdp va truot
twomg doi vai cdc vau trén chot 10 <@ lam quay chét d6 45 do. Trong hanh
trinh nha, than 7 tién gan dén dau 3, chot 10 1iép xdce v6i bac 8. quay 45°,
khi di xudng tiép xdc véi mat trén cua bac 9 lai quay tiép 45" va bi mac
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trong 16. Hai mo kep bi gitr ¢ trang thai nha. Trong hanh trinh kep, sau
khi chot 2 tiép xac vai vat, dau 3 va than 7 tién gan dén nhau. Chot 10
tiép xuc voi bac 8, bi quay 45". Khi di xuéng, chot 10 lai tiép xic véi bac
9, bi quay ti€p 45" nita. K&t qua la chét lot qua duge ranh va lot ra khoi 16.
Ciac mo 1 duge khod & trang théi kep.
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(a)

Hinh 5.19: Tay kep co khi
c6 co cdu ham

(c)

Tay kep tren hinh 5.19 (b) lam viéc theo nguyén 1y tuong tu, nhung
dung dé kep cic chi tiét dang dia, banh rang, bac.... trong tu thé thang
dimg. Hai  loai tay kep trén duge diing trong san xuat hang khéi, dé
nhdc cdc vat tron xoay ¢6 khai Ivong khong qua 30 kg, kich thude khong
duoc dao dong qua 0.5 mm. Chiing duoc coi la tay kep cé pham vi céng
Idc cimg.
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Véi nguyén 1y lam viéc tuong tu nhu hai loai trén, tay kep trong hinh
5.19 (c) thudc loai cé pham vi céng tac hep, cho phép dao dong kich
thudc 16n hon, tir /.5 dén 2 mm. N6 kep vao mat tru trong cua vat nho
mot day bi 2 xé€p theo vong tron. Mat con 1, ¢6 gdc con nho hon géc ma
sat gitra cac vién bi va vat liéu chi tiét (thuong 5 = 6 do), tao ra luc kep
khi nhac vat (chuyén dong 1én) va nha vat (chuyén dong xuéng).

Dé tang do tin cay khi kep va nha, cé luc kep I6n, pham vi cong tic
rong, nguoi ta dung tay kep cd ddn dong. Nguon dong luc thuong la dong
co thuy luc hoac khi nén.

T a
- s
—— } - __l-f"l
b e "‘Q‘ P, j
b o S

Hinh 5.20: Tay kep c6 truyén dong thuy liec

Trén hinh 5.20 1a so d6 két cdu tay kep c6 truyén dong thuy luc. Hinh
5.20 (a) la hai tay kep, dung chung cum co sd la xi lanh thuy luc va hai
cang dan dong. Mo kep ¢6 thé thay duoc, vi vay ¢6 thé dung dé kep vao
mat trong hoac mat ngoai clia chi tiét. Két cau tay kep trén hinh 5.20 (b)
cho phép diéu chinh khoang cédch gitra 2 mo kep.

Trén hinh 5.21 1a so d6 két cdu céc tay kep voi truyén dong khi nén.
Cac tay kep kiéu (a) va (b) cé6 md kep thay déi duge dé dung véi cdc bé
mat khdc nhau vé hinh dang va kich thudc. Tay kep kiéu (c) sir dung co
cau binh hanh. duy tri duoc do song song gitta 2 mo kep ca khi d6 mao

thay doi trong pham vi rong.
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Hinh 5.21: Tay kep cé truyén dong khi nén

Thay cho co cau truyén dong bang cang, tay don,... trén nhicu tay

kep nguoi ta dung co cdu thanh rang, trong dé du6i cic mo kep ¢6

dang quat rang (hinh 5.22). Uu diém chinh cua co cau nay la gon.

lam viéc tin cay. Cdc so do trén hinh vé cling biu dién cdc dang mo

kep tu dinh tam. Chiing ¢6 thé lam viéc o 2 vi tri, vi du vi tri kep phoi

va vi tri dua phoi vao mam cap cta mdy tién (b). Két ciau (c¢) cho

phép dinh vi chi tiét tai 3 diém. Su két hop gitra truyén dong thanh

rang vdi don cing gap trén nhiéu kiéu tay kep. Khi da ¢6 nguén dén

dong riéng, cac tay kep ¢6 thé duge diéu khién tir chuong trinh. bang

cdc 1énh nha - kep don gian hoac cdc chu trinh diéu khién phitc tap

hon. nhu thay doi khoang cong tdc, lam viéc nhiéu vi tri,...



A

Hinh 5.22: Tay kep su dung truvén dong thanh rang

54.2.2. Tay kep chan khong va dien - tie

Két cau ctia tay kep dién tir va chin khong duoc the hién trén hinh
5.23.

Cic tay kep kiéu nay ding luc hit (chan khong hoac tir luc) dé
nhac va di chuyén doi tugng. Trong mot vai truong hop, ngudi ta con
dung ca luc hut tinh dién. Uu diém chinh cta loai tay kep nay la oo két
ciu don gian, ¢6 the dung véi cdc bé mat hay vat lieu ma tay kep co khi
kho dap tng, vi du chi tiét phang rong nhung mong nhu tdm ton hodc
gidy mong, hinh dang chi tiét phtic tap, vi tri cua chi tiét thay déi ngau
nhién.... Tuy ¢6 nhiéu diém giong nhau, co ciu kep dién tir va khi nén
¢6 nhitng dac diém su dung khic nhau nhu ké trong bing 5.1.
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Bang 5.1: Su khac nhau giira co cau Kep dién - tir va khi nén

Tinh chat

Kiéu dién - tir

Kiéu khi nén

Vat licu vat kep
Hinh dahg vat kep
Trang thai bé mat
Luc kep

Thot gian kep
Két cau
Thoi gian sir dung

Anh hudng dén vat kep
Anh huéng moi truong

Phai ¢o wr tinh
Bat ky

' Khong can nhan

[Lon, it phu  thudc

Nhanh

Pon gian

Bén lau

Mat phang

Phai nhan. sach

Han ché, phu thuoc dién
tich tép xtic

Cham, phai dii dat do chan
khong

Phic tap, can duc‘mgm ong.
dau noi, nguon Khi...

Han ché

Khong gy hai vt kep

Gay tiéng 6n |

(a)

(b)
Hinh 5.23: So do tay kep khi.nén (a) va dién - tir (b)
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5.4.2.3. Tay kep dung buong dan hoi

Buéng dan héi thuong duge lam bang cao su, chat déo. Luc kep sinh ra
do su bién dang cua bu6ng dan hoi duéi tic dung cua khi nén hoac thuy
luc. Trén hinh 5.24 1a so d6 cdc tay kep dung buéng dan hoi do hang
Simrit (Phdp) ché tao. Chi tiét ¢6 thé dugc dinh vi va kep tai mat tru
trong, mat tru ngoai nh& budng dan hoi hinh tru (a) hoac dinh vi nho khoi
V va kep nho vong om dan hoi (b).

(@) ' (b)

Hinh 5.24: So do tay kep ding buong dan hoi

5.4.2.4. Tay kep thich nghi

Trén cdc tay kep kiéu nay, nguoi ta dat cac sensor dé thu nhan thong
tin vé sy ton tai, vi tri, hinh dang, kich thudc, khoi lugng, trang thai bé
mal, mau sac.... cta doi twong dé robot tu dong tim cach xu 1y thich hop.
nhu nhan hay khong nhan, thay doi noi chuyén dén, vi tri va luc kep....
Trén hinh 5.25 (a) la so do tay kep kiéu Anthropomorphic (tay nguoi).
Tay kep ¢6 3 ngén. Cdc dot noi voi nhau va néi véi ban tay bang chot va
c6 thé chuyén quay tuong doi véi nhau +45° nhd cdc dong co dién mot
chiéu. Toan bo cac ngén ¢6 11 bac tu do va cé pham vi hoat dong [6n hon
tay ngudi ciing kich thude. Chuyén dong quay quanh cic khép duoc gidm
sat nho cdc sensor chuyén vi. Luc kep duoc gidm sdt va diéu chinh theo
théng tin tir cdc sensor dp luc. Ban tay c6 khoi lugng 1a 240 g, sie nang
0,5 kg. Ban tay wén hinh 5.25 (b) ¢6 6 sensor xic gidac 3, kiéu
microswitch dé nhan biét doi tugng khi cham vao né. Phia trong, trén diu
cdc ngoén va trén cang 1 gitta cdc ngén ¢6 17 sensor dp luc 2, 4, 6 kiéu
bien tro. Hai photodiode 5 trén dau cac ngén tay dung dé dinh vi doi
tuong va "dan duong” cho ban tay ti€p can tdi nd. Tay kep trén hinh 5.25C

128



c6 kha nang tim, dinh tam va kep chi tiét tru dang bac. N6 ¢6 sensor
lue 2, lap trén diau do 3. Trén dau cac ngon cé cdc sensor do xa quang hoc
5. Dau do 3, sau khi cham vao déi tugng sé di chuyén dé tiép xuc vai mat
tru cua déi twong, xdc dinh tam va chuyén dong dén tam cua no. Sau do,
nhd cdc sensor 5, mo kep sé duoc dua tdi tiép xiic véi bé mat kep chi tiét.

© |
Hinh 5.25: So do tay kep thich nghi

5.4.3. Phuong phap tinh toan tay kep

Khi tinh todn tay kep cdn phai tinh luc kep cin thiét dé nhic va di
chuyén d6i tuong. tinh luc hodc cong sudt clia co cdu dan dong, kiém
nghi¢m cac chi tiét cha co cdu theo diéu kién bén, kiém nghi¢m kha nang
phd hong bé mat cia déi tuong do tac dung cta luc kep,... Trong mot s
truong hop, phai tinh todn hinh hoc dé dam bao do chinh xac dinh vi. Vé
nguyén tac. ching ta ¢6 thé dp dung cdc phuong phép tinh todn co hoc
nhu véi moi co cdu khac. Phan nay s& d¢ cip dén phuong phdp tinh todn
cdc thong s6 dac trung cho mot s6 dang ¢o cau dién hinh.

5.4.3.1. Tinh toan tay kep co khi

e Tinh luc tiép xic

Luc tdc dung tai diém tiép xiic gilta mo kep va doi tuong dugc xdc dinh
v6i 2 muc dich: dam bao du luc kep déng thoi khong 1am hong bé mat doi
tuong. Bang 5.2 cho cdc so d6 kep va cong thice tinh todn tuong dng.
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Bang 5.2: Cong thire tinh toan huce tai cic diém tiép xic giira mo
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Bang 5.2 (ticp)

T So do I Cong thue
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Q- tai trong tinh todn: 1- kich thude tay kep: ¢- khoang cde tir diém dat tai den

mo kep dang xér: R.- phan lue trén mo kep thu n: G- gde aiita true phon v boe
RN e aep xue gioa mo kep vacvat: - voc gt hinh chicu coa e R len

it phang vadue Now- he somasat gida vat licu mo kep va vt heo cuavat

Baoi tugme duae d& bai ¢ cau Kep (s do T v By v vay e ma st
anh huong rat it den luc kep:

- Dot twong duge gitt nhd co cau ham (sa dd 2 va 5). lue masdt ¢6 anh
huong nhat dinb den fue kep:

- bor twonge duge @i nho ma sat (sg do 3 va 6), vi vas anh huong cua
no 1t fan.

Lren thue (¢ nguor ta thuong ap dung tong hap cdce phuong phap kep.
Trong qua trinh lam vice anh hudng cua cdc veu 1o luon Tuon thay doi nén
K dinh toan phai xéedén trudgmg hop 3 han.

o Tinh lue dan dong

Luc dan dong do corcaw dan dong stah rac ddt 1en dao vao cta tay kep.
Bang 5.3 cho cong thite tinh 3 ¢ cau dan dong hay dung. 1d ném. don v

thanh rang.
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Bang 5.3: Cong thirc tinh luc dan dong

T | So dé Cong thic

Truong hop chung:
ﬂ p m
Zthg(ﬂ+ )
Co ; - p>2=l
cau
ném AAAA |
z

bn,

<t Truong hop doéi xing:

prs 2M jtgf ﬁ_+ﬂ

/2 bn,

I m=2; n= 09; f=4 + 8" p=I"10' khi
N, dung 0 truot; p=3"khi diing 6 lan.

SANN S
R AR

Trudng hop chung:

‘ P m
Co ‘ 2. M;cosa
cau | N p>4=l
don N bn,
1Yy Truong hop doéi ximg:
[} 2M cosa = 0.9 20.95
&IL_ N Paj_ ,np— . _-‘0,)3.
_________________________________________________ b
Truong hop chung:
2" P* "p)t’ﬂc m
o ;Aq—mw s 22.M,
cau | f-‘)-‘ ‘ ! A0 P> J‘=_F
than q ci m.z.1,
h . 1&. Trudng hop doi xing:
A . s d4M .
ang | - ps i =004
m.z,1,

Céc ky hiéu: m- s6 mo kep; N- luc tiép xic gitta mo kep va vt (N), tinh theo bang 5.2:
M- momen kep (Nm) cia md kep tht j tinh theo cong thic:

I3
M, = Z N, coso [atgp tc, —ula Fcigp )l k - s6 diém tiép xuic: a,, ¢,
=]

- khodng céch tir tim quay ctia mo kep dén diém ti€p xic thit i (m); ; @- gdc tiép xiic; p-
hé s6 ma sdt gitia vat lieu mo kep va vt liéu cta vat, p- goc ma sit quy ddi, ¢ tinh dén |
luc can trén cdc chot cia don; B- gée ném; n- hiéu sudt cda co cdu; b - kich thude cla
don (m): a- géc nghiéng chia don; me- modul rang trén quat; z,- s6 rang trén quat.
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o Tinh itng sudt tiép xic

Trong madt s6 trudong hop. nhat 1a khi kep nho luc ma sat. thl tng suat
tiép xuc khad 16n. Diéu do ¢6 thé dan dén hur hong bé mit mo kep hoac doi
tugng, nhat 1a cdc chi tiet mdy da dugc gia céng tinh. Vi vay, dicu ki¢n
chung 1a tmg suat tiép xuc thuc t¢ phai nho hon gid tri cho phép. Cong
thic tinh ung sudt ti€p xdc cho cédc truong hop thong thuong duge cho
tfrong bang 5.4, trong dé gia tri m cho trong bang 5.5.

Bang 5.4: Cong thac tinh gng suat tiép xic

TT So dé | Cong thiic
! D NN
‘ A E, 2 1
\ Fle 6 =0.418 ey
N Y AN ! d r
e AN ‘3
d_-:: "\\l_ /__,_/") !
!
2 {
¢ I" ] b ]
o= 0,418V (= -2
p
3 A
(ONE
oc=0418.] !
V1
4
’ [NE}
o=mij—L khi g <r
re 2

! Ghi chid: N- lyz tiép xiic giita mo kep va vat (N), tinh theo bing 5.2 E - modul dan
" hoi quy doi cta vat lien mo kep va vat: 1- bé rong clia mo kep (cm): d- dudng kinh cda

- vat {cm): 1- bdn kinh ddu mé kep (cm): m- he 6 phu thugc viio ty 56 2v/d (bing 5.5).




Modul dan hoi quy doi £, duce tinh tir modul dan hoi caa vat lico doi
taone 7 va cua mo kep I, theo cong thie:
2EE
YR+ E,
Bang 5.5: Gia tri hé so m theo ty so 21/d

03 02 o0 008

' 07 106 05 0.

wWdoe o oo jox 0.
a0 ol eas 09 Jusie los 0716 097 198 |
. i ' | | Y E, '

- 5.4.3.2. Tinh toan ta y l_’(gp cl_)dn khon gvadieén - tu

Cong thire kiem nghiém lue kep can thiét cho co cau duge cho trong
bang 5.6, dung chung cho cic trirng hop chan khong. dién tw, tinh dién....

Lue P rong ciée cong thie cho truong hop chan khong va dien (i, nhu
Sdu:

o Tinhluc kep chan khong

L.ue kep duoe tinh theo cong thie:

P=FkF.ip,-p,t (N]

trong do:

L - 1 he so tinh dén suthav déi dp suiat kKhi quyen va tinh trang kin
khit caa mat icp xuie, h = 1,83

[ ~dien tich tiép xdc aitta dau kep va vat, thuong lav [, = 0.6 =0.7 gid
1t thue:

p, - ap sual khi quvén:

p - dp suat dutrong buong hit.

Bl v@i hie thong noi giita buong hdt véi bom ¢ gloang kin khit thi dp
swat p, duoc 1ay bang dp sual chan Khong cia bom. Néu khonga dat duoe
veu cat (e¢n thi ¢é the chon p - p, = (3.0 = 3.5) Nienr.

s Tinh lue kep dien 1

Luce kep duoce tinh theo cong thie:

= &

2SF(R ~R )

(rong do:

/, - s0 ampe-vong cua cudn day nam cham.



F - dién tich tiép xudc gitra cyc nam cham va vat.
R,. R, - tr tr& cta khe hd khong Khi va ctia 161 thép trong mach tir.
Néu trong vat liéu sat tir ¢6 chira cdc tap chat P, S, Mn, Ni,... thi tir trd

tang. luc kep bi giam.

Bang 5.6: Cong thuce kiem nghiém luc kep chan khong va diéen tir

|

g

TT Sa do Cong thic
1 A —gcosl, +acosf) = gsing, sinf), +
mk k,
+asingsing,
3
f(—————gcosl,+acosf)z gcose, sint, +
mk k-
+acospsin@;
2 | @ =@y =90°
gt —gcost, +acosf)=\gsinf, +asind
mk k,
3 (P =@, = 9”” i 8” = 9””:
Ll —g+acos@)=asind
mk k.
4 I“ / | @=@p = 90" ; 4, =90°;
. wul -—acosf)= g+asin@
? mk k
5 ; ’ ©=p,=90": B, =60=90"
1. [ > gva
== mk k,

J

" Ky hiéu: P- Iue hdt (N); m- khoi luong ctia vat (kg): g- gia 10¢ trong truong: a- gia toc hit
val; 8- goc gitta phuong gia (6c a véi truc z (riing phuong va lue hit); ¢- goc giita hinh chiéu
clia cic gia toc a lén mat phing xoy véi truc y: u- hé s6 ma sdt gitra vat lieu mo kep va vat; k -
hé s6 du ti: k- hé s6 tinh dén sur tring cua diém dat luc ning va trong tim ctia vat (doi véi
vat hut tron k. = rf(r + Ax), rong do r la bin kinh mat tiép xdc. Ax la khodng cich gitra truc z
| vit toa do rong tam cua vat).




Chuong 6
HE THON@ 2tEU KHIEN ROBOT

Cac chuwong trude da tap trung 2ial quyét cac van dé thudce vé cau tric.
déng hoc, dong luc hoc. thiét ké quy dae,... cua tay may. Chuong nay sé

dé cap dén hé thang diéu khién. n¢e khang ¢é nd thi tay mdy khong thé
urd thanh robot diegc.

Muén didu khién duge robor thi phai cé 4 véu t6:
~ Hé thong phat dong (Acruators) va chap banh (Diivers, Morory|.

- Hé thong cam bicn (Sensors).

- Bo diéu khién (Controller), gom phan cing va phan mém hé théng.
- Chuony ‘rinh diéu khi&n,

Cdc vl ¢. “en s€ duge lan luot trinh bay trong chuong nay.
6.1. 1E THONG CHAP HANH

Chuvén dong cla cdc khdp trong tay mdy duoc thue hién bdi he thong
chap hanh. Né gom cdc bo phan sau;

- Nouodn cdp dién,

- Khuyéch dai cong suat,

- Bong ca,

- Truyén dong co khi.

Hinh 6.1 12 s d6 nai ghép hé thong chap hanh. trong d6 ¢6 thé hién su
chuvén doi nang lugng

\ Nguén didn

|
g
f
€

Khuyéch da .
| » ar,
cong suat

e

L 4

P
DHéng ca
l Fa, l P,

Hink 6.1: So do hé thong chdp hanh

= F
Truy@n dan v
. [r—
o khi

l Pa

o
3



D¢ thé hien quan hé chung. ky hiéu P, 12 tin hién diéu khién (thuong la
tin hieu dién): P, la cong suat co hoc can thict dé 1am chuyvén dong khép.
Cac dai lugng trung gian, gom céng suat dién cung cdp cho dong co
(dién. thuy fuc hoac khi nén) P,: cong sudt nguén P, (thuong c6 cang ban
chat vat IV vdi P ;. cong sudt co hoc do dong co phat ra P,,. Ngoai ra con
cd cac loai cong sudt 1on hao trén cdc khau trung gian: khuyéch dai cong
suil, dong ca va truvén dan P,,. P, P,. Xudt phat diém dé chon cac khau
trong h¢ thong chip hanh la cong suat co khi P, d& dam bao luc va van
16¢ chuvén dong clia Khap.

Phan sau day trinh bay khdi quat chitc nang cua cdc cum chinh.

6.1.1. Truyén dan co khi

Chuyén dong tai cdc khdp cua tay mdy thudng c6 van toc thip va
momen lén. trong khi cic dong co thuong lam viéc vdi van 16¢ 1on va
momen nho. Vi vay, gitta déng co va khép thuong ¢d bo phan bién téc dé
stt dung viing iam viéc cé Lot nhat cha dong ca. Thong qua bo phan truyén
dan nay, cong suat P, trd thinh P, va bi ton hao mot lwong P, do ma sat.
Khi chon bhd phan truyén dan can cin ci vao cong sudt cin thiét, loai
chuvén dong cua khép va vi tri dat dong co so véi khép, vi bo phan truyén
dan khong chi biéh déi gid tri cong suat ma ca dang chuyén déng, vi du
bién chuvén dong quay cua truc déng co thanh chuyén dong tinh tién irong
khdp. Néu khéo bé tri dong co va bd phan truyén dan cé thé giam tiéu hao
ning lugng. Vi du, néu dat dong co va bo phan truyén dan gan than may thi
c6 the tang ty 56 cong sudt tiéu huo [ trong liomg co cd.

Trong robot thutng st dung cic loai (ruyén dan sau:

- Cor cdnt true vir - banh vit ¢6 ty s6 truyén Ién, cho phép déi phuong
truc va thay d6i diém tac dung cta lirc.

- Cd cdu vit mé - dai éc cho phép bién chuyén déng quay cida truc
dong co thanh chuyén dong thang tai khdp trugt. Vit me - dai éc bi
thudmg dugc dung dé giam ma sdt. Thudng co cau nay duge lap cé dé doi
dé gidm khe hd va tang dé cing vimg.

- Truvén dong dai rdang va ruyén dong xich cho phép dat dong co xa
truc khdp. Luc cang dai gay tai trong phu nén dai thudmg duge diung khi
van toc chuyén dong 16n vi lue nho. Nauace lai. xich hay bi dao déng nén
thuomg dung khi van toc nho.
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Véi gia thiél chuyén dong khong c6 khe hd vo Khéng 6 trugt, 1y 80
truyén cua cac bo truyén dong co khi 1a khong do.

Ngay nay ngudi ta hay gan tryc tiép rotor cua dong o 1én truc quay
cua khdp ma khong dung truyén dan co khi trung gian, Diéu dé loai uix
duoc anh hudng cia bién dang co khi va khe hg. giami ton hao nang
lugng. Tuy nhién né doi hoi cac giai phdp k§ thuat diéu khién dé duy tri
quan hé wyén tinh truyén dong trong dai rong. Truyén dong tnre tiép con
chua phé bién trong ky thuat robot vi 1y do két cau.

6.1.2. Bong co

Pong co 1a ngudn tao dong tuc chuyén dong cho cac khép. Tuy thude
dang nang lugng su dung, ngudi ta ding céac loai dong co khi nén, dong
co thuy hic va déng co dién. Cong suat vao dong co P, chi dugc chuyén
mot phan (P, ) thanh co nang. Phian mat mét P, 1a do 16n hao co khi, thuy
luc hoac khi nén. Trong ky thudt robor nguai ta dung cic dong co cong
sudt tir chuc wat dén hang chuc kilowat. Do dac diém sir dung trong
robot, chang han véu cdu "bdm sdt” quy dao thiét k¢, dinh vi chinh xdc....
cac dong co phai ¢6 cdc (inh chat sau:

- Quan tinh nho va ty s6 nang lugng tiéu hao / trong luong cao.

- C4 kha ning chiu qua tai va luc xung.

- Cd kha nang gia toc 1ot.

- Dai téc @6 lam viéc rong (1-+ 10.000 v/ph).

- P chinh x4c dinh vi cao (it nhat 1/1000 vong tron).

- C6 thé lam viéc tron tru & van toc thap.

Pong co khi nén kho ddp tmg cac véu cdu trén. vi khong thé khéc phuc tinh
nén ducce cla moi chat thé khi. Chang thutmg chi duge ding cho cdc chuyén
doéng déng ma, vi du diing cho tay kep hoac chuyén dong diém - diém.

Pong co dién gom céc loai dong co mdt chiéu. xoay chiéu thong dung
vi dong cd servo, trong dé dong co servo duge dung phé bién hon ca.
bong co servo khac vai cdc loai dong co binh thudng & chd nd duge didw
khicn rr dong bang mot hé thong diéu khién dién tir ¢6 phan héi. Tin hiéu
phan hoi dugc 18y tir sensor van toc hodac sensor vi tri gidm sdt lien tuc
chuyén déng tuong doi gilta rotor vA stator, tir d6 sinh ra tin hiéu diéun
khi¢n toc do va chicu quay cua rotor. Pong co scervo ¢6 dac tinh dong tuc
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hoc tot, déng thoi két cau don gian, lam viée tin cay nén ngay cang duoc
va dung. Dong ca dien mot chiéu ¢6 dién khong duge wa chuodng vi ¢6 bo
gop dien gav nhicu phién phitc khi st dung da duge thay bang dong co
dicn mot chiéu khonga ¢o 26p (Brushiess DC Servomotor). Dong ¢o budc.
do ¢d cong suat nho. do chinh xdc thap (do khong ¢é mach phan hoj vi
tri. do dac tinh dong luc hoc phu thuoc tai trong, tham chi ¢6 hién tuong
"o bude” khi tdi 16n), nhung lai ré tién, nén duoe dung cho nhimg noi
khong doi hoi do chinh xde didu khién cao.

Pong cos thuy lue ¢o cde dac tinh dong luc hoc twang duong v dong
co dicn, ¢o the tryue tiép sinh ra chuyén dong thang va chuyén dong quay.

Mac dii. vé dai thé, ban than dong co dién va dong co thuy lue ¢6 dac tinh
déng luc hoc tuong duong nhau, nhung ching khic nhau vé ddc diém sir dung.

Vé phuong dién d6, dong ¢o dién ¢6 cdc uu diem sau:

- D¢ cung ¢ap nang lugng, vi he thong cap dién cé & khap noi.

- Gid ré. chuing loai phong ph va dai cong suat rong.

- Hiéu suat bién doi ning luong cao.

- D€ strdung va dé cham sdc.

- Khong gay 6 nhiém moi truong.

Bén canh dé. chiing ¢4 cédc nhuwoe diém sau:

cH
- Phédt ndng & wrang th

ai tinh hoac khi t6¢ do thap. vi vay thuong phai
dung phanh.

- Can bao vé dac biét néu lam viéc trong moi trudng dé chay.

Nauoc lai, dong co thuy luc ¢6 cdc ru diém:

- Lam viéc 16t & trang tha! (inh va 16¢ do thap ma khong bi phat nong.

- Tu boi tron vt tan nhidt t6t nhd su lua thong cua chat 10ng trong khi
lam vice.

- An toan trong moi moi trudng.

- Cé cong suat riéng theo trong lugng cao.

Bén canh do. ching ¢6 cic nhuoe diém sau:

- Can tram cung cap thuy luc rieng.

- Pt tidn, 1 chung loat. khé lap dat. kho cham séc va bao tri.
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- Hiéu suat bién d6i niang lugng thap.

- DE gay 6 nhiém méi truong do ddu trong he théng bi ro khi van hanh
hodc ¢6 dau thai khi bao dudng, sira chita.

Xét vé khia canh diéu khién va van hanh, dong co dién dé diéu khién
va c6 thé thay déi ché€ do 1am vicc mot cich linh hoat. Dac tinh dong luc
hoc cua dong co thuy lyc con phu thude vao nhiét d6 dau. Dong co dién
lam viéc tét § toc do cao va tii trong nho nén thudng phai dung truyén
dong co khi trung gian. Ngudge lai, dong co thuy luc lam viée tot khi téc
do thap va tai 16n nén thudng truyén dong truc tiép.

Muc 6.2 sé trinh bay chi tiét hon vé mé hinh diéu khién cia céc loai
dong co servo thong dung.

6.1.3. Khuyéch dai cong suat

Bo khuyéch dai cong suat ¢6 nhiém vu bién déi trang théi nang lugng
(goi chung 12 e va dp) clia nguén cung cap sao cho phit hop véi yéu cau
cla dong co. Cong suat cung cap ty lé véi tin hiéu diéu khién P, va
thudng 16n hon cong suat dicu khién nén bo bién déi nay cé tén la bo
khuyéch dai cong suat. Mot bo phén cong suat vao, gbm P, va P, sau
khi bién déi duge cung cap cho dong co (P,). Phan khic (£,,) bi ton that
trén ban than bo bién déi.

D6t véi dong co dién, bd bién ddi thudng phdi bién dién niang dudi
dang xoay chiéu thong dung, vi du 230/380 V- 50 Hz thanh di¢n mot
chiéu (cho dong co mot chiéu) hodc thinh dién xoay chiéu vdi dien
ap va tan s6 thich hop (cho dong co xoay chiéu). Cic bo bién doi diing
cho dong co mot chiéu duge goi la AC 10 DC converter, hay la chopper.
Loat dung cho dong co mét chiéu khong chaéi than duge goi ta DC 1o AC
converter hay inverter. Dé diéu khién déng co xoay chiéu khong déng
bo, c6 thé diing bd bién déi bé rong xung (pulse width modulator) hoac
bo bién déi tdn s6 (frequency modulator hay frequency inverter). Cic
thong s6 quan trong nhat cta bo bién ddi la hiéu suat bién ddi P (P, +
P,)vaty s6 truyén P,/P,. Gid tri cta chiing thudng vao khoang 0,9 va 10",

Dong co thuy luc thuong duge diéu khién bing cich thay déi luu
lugng chat 1ong cung cip cho n6. Ca cau diéu khién thudng 1a cic van tiét
luu, cho phép thay déi luu luong cung cap theo tin hi¢u dién.
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6.1.3. Nguon cung cap chinh

Nhi¢m vu ctia ngudén cung c¢ap chinh 1a cung cdp nang lugng t&i dau
vao clia bé bién déi.

Néu la dién ning thi ngudn cung cap thudng la bién dp. Néu dung
dong dién mot chiéu thi phai ¢6 chinh fuu.

Nguon cung cap cho cic dong ¢a thuy luc la tram bom cac loai, nhu
bom bdnh rang. canh gat, piston.... Truyén dong cho ching 1a cic dong
co so cap. thuong la dong co dién xoay chiéu khong dong bo. Ngoai ra,
trong hé thong cung cap con ¢6 bé chira (dé€ tranh hién tuong mach dap).
bo loc, van an toan, van (ran,... gidp cho hé thong lam viéc duge 6n dinh,
an toan. Vai trd ctia ching giéng nhu tu dién la phang va cdc kiéu bo loc
khac trong hé thong nguon dién.

6.2. DIEU KHIEN PONG CO SERVO

Vi dong co dién va dong co thuy luc thuong duge dung nhiéu nhat
trong ky thudt robot, nén sau day mé té ky hon vé mo hinh toan hoc va sa
dé diéu khién cla chiing.

6.2.1. Diéu khién dong co dién

Ching ta dd biét nhiéu vé cic loai doéng co dién thong thudng, nhu
dong co dién mot chiéu ¢6 ¢6 gép, dong co dién xoay chiéu dong by va
khong d6ng bo. Cac dong co dung trong diéu khién tr dong cén ¢6 nhimg
tinh chat dic biét, nhu dé diéu khién, quan tinh nho, cé thé lam viéc 6n
dinh & toc do thap hoac trong trang thdi tinh,...

Tuy cé su khdc nhau vé két cau va nguyén ly 1am viéc. dong co dién
mot chiéu va dong cg servo ¢ thé dugc mo hinh hod giong nhau. Thong
qua bién phic s, su can bang dién clia phan dng duge mo ta badi phuong
(rinh:

V,= (R, +sLJl, +V, (6. 1)
trong do

V.. R, L,val lan luot la dién dp, dién tro, dién khang va dong dién
phan ng.

V, la sitc dién dong cia phin tng, ty 1& véi van téc géc @ cla rotor

V,= ko (6.2)
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He s6 &, thé hién quan hé gilfa vin t6¢ gdc cha rotor vii site dién dong.
N6 phu thude két cau cua dong co vi tinh chat dién tir cia phan cam.
Tuong tu. phuong trinh can biang ¢a hoe cha dong co ¢6 dang:
C,=0 +F o+ C (6.3)
C, =kl (6.+4)

iy

trong dé, C,, va C, la momen chu doug va momen phan luc, 7, va /-, 1
momen quan tinh va hé 80 can nhdt uen true dong cd. He o tv 1é 4, bicu
dién quan heé gitta momen clia dong co va dong dien phan ng. Trong hé
don vi SI, gid tri cha nd bang £,.

Do1 véi bo phan khuyéch dai cong suat. quan hé gitta dicn dp vao V' va
dien dp phan tng V' chinh L ham wruvén

I’ G -
L= {(,» 8
I 14T

trong doé

G.laheé so dién ap.

T la hang o thoi gian. Gid tri cta T, nho so vdi cde hine <& (hai aran
khic cta hé thong nén ¢ hé bo qua. Vi du. néu dung bd bién tan (rong
khodng (100 = J00) kH= thi gid tri cia 7. nam trong khodang (10" = 107
Quay.

S do khoi cta dong co servo vdi khuyéch dai cong suat duge the hicn
trong hinh 6.2,

| A [ . Ve r | e
Clpatl _“-‘T"J_'?_‘ A J_*Jh?ﬁ -
%

Hink 6. 2: S0 .dé khot cua dong co servo veri khveeh dai cong sudat
\ .. Co ¥
Trong so do trén, bén canh cic khai thé hien cac quan hé ndi trén,

con ¢d cac yéu 16 sau:
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- Vong phan hai dong dién phin dng thong qua bo bicn doi £, pilta
cudn day phan img va khuvcceh dai cong sudt.

- Khéi hicu chinh dong dién C (s} ¢6 dac tinh phi tuyén & trang thai
bixo hoa.

Vong phan hoi duge diung vai 2 muc dich. Mot mat, dién dp V' dong
vai tro di¢n ap chuan. Néu chon Cfs) thich hop thi do te¢ cua /, so véi V)
s¢ nho hon do tré gitta 7, va V. Mat khdc, tinh phi tuyén & trang thai bao
hoi cho phép han ché su tang cua Vo N6 ¢6 tac dung nhir bo han che
dong di¢n. bao v¢ khoir khuvech dai cong suat.

Tir 50 dé tren, bing cich chon C(v). ¢6 thé nhan duge hé di¢u khién
viin toc hoac hé diéu khién momen.

Néu A = (L vd npéu hé so can nhat rat nho so véi hé s6 ham dien nang,
nghia la (F, << kk/R,). dong thoi dat K = CrO0)G, viv gla thiét C, = ) thi
dan dén trang this dicu khien van 16c:

Ko
W=, (6. 0)
P

y
Néu & =0 vd chon ham truyén dong dién rat 16n (K& >> R ) s¢ dan
dén trang thai dicu khién momen:

‘ k., k
O, = ——m). (6.7)
k K

;
Vi K thuong c6 gid tr 1n nén momen hau nhir khong phy thudc vao
van toc goc.
Vai cae dicu kien trén, nhan duge s do diéu khién van téc va diéu
khién momen nhu trong cic hinh 6.3 va 6.4,

(&
o )
i A & |Cm £ { 0
=1 Zt - -
A k, [Cm 1 f X + :? R [+ SR [T
— ——— -
k( + Sl..‘+f‘.n ] !
| - |
Hinh 6. 3: S do dicu khicn Hinh 6. 4: S0 do dién khién momen
van 1oc
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Tu cde s d6 trén, c6 moi quan hé gitra cac dai hagng vao (dién dp dicu
khién V,, momen phan ung C) v4i dai luong ra, 14 van toc géc @

- Dai véi diéu khién van toc:

K R,
: k k k
o= - V- e 6.8
Ri R I (6.5)
I+s ° Ny
k. k, k .k,
- Dai vai diéu khién momen:
k. /
kT, L F i
w = L (6. 9)
[/" ‘ ! 1
1+s I+ 5
F 3 -

6.2.2. Piéu khién dong co thuy luc

Cdc dong cao thuy luc duge diéu khiéo bang cdch thay doi luu luong
ddu qua bom. Bt ké su khdc nhau vé ciu tmic vat ly, cde moi quan he co
ban gilta e hegng va dp sudl, chuyén dong cua chdt Idng va chuyen dong
cia cde chi 1iét, sw can bang co hoc cria cac chi 1iét déu xuat phat or dao
ham quan hé vao/ra.

Gia st Q la luu tuong cung cap. Q,, 1a luu luong vao dong co, Q, A luu
lugng ton hao do ot dau trén bom, (), la luu luong dn hao do tinh nén
duoc cla dau, ta nhan duge phuong trinh cin bang luu luong nhu sau:

0=0,+0+0, (6. 10)

Cic dat lugng t6n hao Q, va Q. duge tinh dén khi hé thong [am viéc
dudi ap suat cao, ¢& hang tram atmosphc.

Goi P la chénh léch dp suat gifta diu ra va dau vao cua bom do tai, ta
c6 quan hé

0, = kP (6. 11]

Ton hao 1ru luong do tinh nén duge cua chat 1ong ty 1¢ vdi thé tich tic

thoi cua chat long V va dp sudt P thong qua hé s0 nén yva bién phiic s:
Q.= yVsP (6.12)

Tix (6.12) thdy rang hé s6 ty 1€ k, = ¥V giita daoc him theo thoi gian

cla 4p suat P va luu lugng phu Q, thuoc vao thé tich V cua chat long. Vi
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vay. doi vt dong co quay thi £, 13 hang so, con doi vdi dong cd tinh tién
thi K thay doi nén phéan ing cta hé thong tuy thuoc diém cong tic.

Luu lugng chat long vao déng co ty I¢ vai lugng bién thién (rong mot
don vi thoi gian cha thé tich chat 1ong trong bé chia. Mit khac lugng bién
thién nay lai ty 1& v&i van 1dc géc clia dong cd. Cudi cung nhan duge:

Q,=ko (6. 13)

Picu ki¢n can bing co hoc cua cac chi tiél chuyén dong duge mo ti
bang phuong trinh tuong tr nhir (6.3):

C,=(sl,+ F, o+ C, (0. 14)

Cuéi cung thi momen ctia dong co ty 1& v6i do chénh léch dp sudt cua
bom:

C,=kP (6.15)

DPoi véi van diéu khién, ham truyén giita vi tri X clia van va dién dp
diéu khién V, dugc xdc dinh nhu sau:

Y __ o (6. 16)
V. 1+sT,

[4

V1 hing s6 thoi gian T, rdt nho (co mili gidy) so véi cic hang s6 thai
gian khdc cia hé théng, nén G, duoc coi 12 hé 86 truyén twong duong cua
van va quan hé gitta V, va X la tuyén tinh.

1
k, ] C,
v c, X 1 [k, | & Q. { y v [E WERENE
17 + k, i sk, 'y §Tm s
Q! &
k

Hinh 6. 5: So dé khoi hé diéu khién dong co thuy luc

Trén co s& cdc phuong trinh di néu, cé thé xay dung so dd khéi cha
hé thong diéu khién dong co thuy luc, gébm van, bo phan phdi, doug co
nhu trong hinh 6.5. So sanh hinh 6.2 vdi hinh 6.5 ¢é thé nhan ra su
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tuong tir vé hinh thidc gita dac tinh dong luc hoc cia dong co thuy luc
va dong co dién. Tuy nhién diéu dé khdng 6 nghia la c6 thé ding
dong co thuy lire dé didu khién van 16¢ va diéu khién momen thay cho
dong co dién. Vé hinh thic thi mach phan héi ap suat cua dong co
thuy luc tuong tw mach phan héi dong trong dong co dién, nhung
khong the thay doi két cau clia panel thuy lue mot cdch dé dang nhu doi
vo1 bang mach dién.

6.3. HE THONG CAM BIEN

biéu khién tu dong luon doi hoi su gidm sit hé thong hodc qud trinh.
Hé thong do céac dai lugng. dai dién cho trang théi lam viéc cua robot va
cho su trong tdc cta nd voi méi trudng, anh hudng rat [6n dén tinh nang
kv thuat cua robot va phai duoc chon trwong dng voi yéu cau diéu khién.
Tuy nhién. do ludng la mot linh vuc chuyén sau cua k¥ thuat tr dong hod,
di c¢6 mon hoc va cac taj liéu riéng vé sensor. Trong chuong nay chi dé
cap dén cdc khdi niém, phan loai chung va nguyén tic [am viéc clia mot
sO loai sensor hay gap trong ky thuat robot.

6.3.1. Khai niém va phan loai cam bién

6.3.1.1. Cac khai niém

Cam bién 1a thiét bi ding d€ nhan gia tri ctia dai lugng vat 1y can do
va bién déi n6 thanh tin hiéu ma thiét bi do hay thiét bi diéu khién cé thé
xu ly duac.

Nhu vay, cam bién ¢6 2 chifc nang: "cam”. néhia la nhan tin hiéu can
do va "bién", nghia la chuyén déi dang va gid tri cla tin hiéu dé san sang
cung cép cho thi€t bi hién thi hay xir Iy tiép theo. C6 nhiéu dai lugng vat
1y, nhu luc, rung dong, thanh phan hod hoc,... rit khé do truc tiép mot
cach chinh xdc va ré tién. Ngudi ta phai chuyén doi chiing sang dai tuong
tvong duong khac. thuong 1a dai lugng dién nhu dién dp, dong dién, dién
tro,... dé dé sir dung cac thiét bi hién thi va xr ty chuan, théng dung va ré
tién. Dang va gid tri tin hiéu xuat ra ctia cdc cam bién thudng duge chuin
hoa d¢ dé ghép néi vio cdc mach xit 1y 1iép theo.

Cam bién con cé cdc tén khic. nhu dau do, sensor,... Tu ¢6 géc Anh
sensor dd duge phd cap romg rdi trén thé gisi, ké ca trong cic tai
licu xudt ban 3 Viét Nam.
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Sensor |2 &n chung cta Switch va Transducer. Swirch 1a thiet bi dong
mo, thuang goi 1a cong 1de). chi ¢6 2 trang thai tin hiéu ra Y déng v imdo.
T ransducer 1a thict bi hién déi. Tin hicu ra va tin hi¢u vio ctta nd ¢6 the
khdc nhau vé ban chat vat Iy va gid tri. nhung khong khdc nhau vé quy
luat bién thico theo thdi gian. Vi du véi cang tn hicu vao 1a dp suat
khong khi (hinh 6.6), Switch cé trang thai ddng néu ap suat p > p,, 6
trang thdi mo néu p < p, con Fransducer thy cho tin hiéu ra la dién 4p

nhung khong thay déi quy luat bién thien theo thdi gian von ¢ cua tin

hiéu vao.
r o switch tranziue:
100% - o=
|
i
|
Po [.__. A W
E i_ |
| ‘. !
. _ X _
h oot f t
Tin hiéu vao sensor Tin hicu ra cua sensor

Hinh 6. 6: Sy khdc nhau gitta switch va transducer

6.3.1.2. Phan loai sensor

Theo chiic nang. ngudi ta phan biét 2 nhom sensor. Mot nhém dang dé
glam sdt trang thai cong tiac cua ban than robot, duge goi la sensor rong
(proprioceptive sensors). Nhom thd hai, duge goi 1a senvor ngoai
(heterocepiive sensorsj, ding dé do cdc thong <6 clla moi trudng va sy
tuong tdc cta robot véi moi trudmg’

Cac loai sensor rrong chu yéu la: sensor vi i, sensor van 16¢ va

sensor gia toc hay sensor juc.

T Moi triemg & day duoc hiéu 1a moi yéu 18 bén ngodi robot, ké ¢ doi tugng
cong tdc.
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Sensor ngodi ¢6 rat nhiéu loai, tuy thuge thong s6 moi trudng can do,
vi du sensor nhié¢t do6 d€ do nhi¢t d6 clia moi trudng ma robot hoat dong,
sensor e dé do luc ndm (kep) clia tay hoac dé dinh vi déi tuong (vi du,
dé 16ng truc vao bac khi lap rdp), thiét bi quan sat (vision system) dé nhan
dang dai tuong,...

Ngoai cach phan loai sensor theo chic nang nhu trén, con ¢d nhiéu
cach phan loai khac, vi du:

- Theo dai lugng can do, c6 sensor nhiét do, dp suat, van tdc, gia toc,
luu lugng,...

- Theo két cdu va nguyén ly lam viéc, ¢6 sensor dién trg, dién dung,
dién cam, 4p dién, quang dién, dién dong,...

- Theo phuong thic cam nhan, cé sensor 1i€p xic (1actile sensor),
khong tiép xuc (proximiry sensor).

6.3.2. Nguyén Iy lam viéc cua mot s6 loai sensor

6.3.2.1. Cam bién vi tri

Cdc cam bién (sensor) vi tri, nhu tén goi cla chiing, dugc diing dé
gidm sat vi tri tdc thai coa cdc co cdu. Tuy theo dang chuyén dong can
quan tam ma vi trf ¢6 thé duoc tinh bing don vi dai hay don vi géc. Nhd
cdc chuyén doi co khi cdn thiét ¢6 thé diing sensor do géc dé do chidu dai
va nguoc lai. Cac sensor do chiéu dai cé thé 1a bién trd, bién thé vi sai,
encoder thang. D€ do géc quay cé cdc loai sensor do géc, nhu bién trd
quay, encoder goc, resolver,... Sau day néi vé hai loai sensor thudng gap
nhat 1a encoder va resolver.

Encoder 13 thudc do vi tri theo nguyén tic so, trong d6 toa d¢ dugc ma
hod theo hé nhi phan. Tuy theo don vi do, ching ta ding encoder thang
(linear encoder) hay encoder goc (rotary encoder). Hai loai nay giong
nhau vé nguyén 1y lam viéc, chi khac nhau & ché cédc vach duge khac theo
duong thang hay theo vong tron. Theo phuong phdp mid hod, ¢6.2 loai
encoder la tuyét doi (absolute) va gia s6 (incremental ).

Thude do vi ti theo gia so (Incremental encoder) ¢6 1 hoac 2 dia
quang, dugc khic cdc viing trong va duc xen k€ nhau (hinh 6.7). Néu ding
mot dia thi nd duge gan véi truc quay. Néu dung 2 dia thi mot dia gan véi
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truc quay, con dia kia ¢4 dinh. Mot phia ctia dia dat nguén siang, phia doi
dién dat 3 *'con mat dién" (photodiode hoac phototransistor) dé thu tin hiéu
cta tirng vong tron. Tai mot vi tri nhadt dinh ctia dia, vung nao cho tia sing
di qua s€& duge ma hoa 13 /, viing nao ngén tia sang sé dugc ma hoa 1a 0. S6
vung sang, t6i trén dia quyét dinh do phan giai cia encoder.

Tai thdi diém bat dau 1am viéc, hé théng phai dugc quy khong bang
cach quay 15 sat vohg tron thit hai t6i vi tri d6i dién nguén sang dé con
mat thi ba nhin thay tia sang. Khi hé théng bt dau lam viéc. mot bo xut
ly s&€ dém s6 1an con mat ngoai cung nhin thdy tia sdng, tir d6 tinh ra géc
ma dia da quay. Chiéu quay cna dia dugc nhan biét nhd su phéi hop tin
hiéu clia 2 vong: néu dia quay theo chiéu kim dong hé thi mat ngoai ciing
nhin thdy tia sdng trudc mat thi hai va ngugc lai. Can cd chiéu quay ma

vaoDC
5 sensor #1 ra

sensor #2 ra
E:z sensor p&c ra
— ,H__

\— truc quay

gia sd s& duoc cong hoic trir vao tdng 0.

Hinh 6. 7: So do nguyén I¥ cia thuoce do vi tri theo gia s6

Thuie do vi i tuyét doi (Absolute Encoder) ¢6 mot dia quang, trén d6
c6 nhiéu vodng tron dong tam. Mabi vong chita cdc viing trong va duc xen
k& nhau. S§ vong tron quyét dinh do phan giai cba encoder. Néu s6 vong
tron 1a » thi s6 phin ma mot vong tron ¢ thé dugc chia ra bing 2n, goc
nho nhdt ma encoder phan biét duge 1a 360"/2n. Vi du, néu s6 vong 1a n =
4 thi s6 phan chia chia vong tron 1a 27 = /6, encoder & phan biét dugc
goc quay 360°/16 = 22,5°. Néu n = & thi géc d6 1a 360°/4096 = 0,088.
Trén hinh 6.8 1a so d6 encoder véi 4 vong tron.
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Dia tuyét
dai
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Hinh 6. &: So do nguvén Iy cia thicoe do vi tri tuyét doi

Resolver (hinh 6.9) khong phat ra tin hiéu sé nhu encoder ma phat ra
tin hiéu twong tr dai dién cho vi tri cta do1 twong do. Nhin vé ngoai nd
giong dong co dién nhung nguyén Iy lam viéc cua né giong bién thé
nhiéu hon. Cudn day rotor duge cip dién dp xoay chiéu théng qua cac
vanh dan dién,

bién dp cung cdp cho rotor c¢6 dang hinh sin, dang Vsinat, tan s6 trong
khoang 0,4 + /10 kHz. Stator clia resolver ¢6 2 cuon day, dat léch nhau 90°
dién nén trén mot cudn xuat hién dién ap Vsinwi.cos &, con trén cudn kia
c6 dién ap Vsineor.sin 3. RO rang la gid tri dién dp ra phu thudc goc 9 gitia
rotor va stator. Tin hiéu phan héi « cia géc quay dugc cung cip cho 2
cudon day qua ham sina va cosa, sau khi nhan véi tin hiéu dau vao va
cong dai s duoc tin hiéu ra 1a Vsinw.sin{9%-a). Tin hiéu nay duoc
khuy&ch dai va gui 16i khoi déng bo, dam bao gid tri cia nd phai ty 1€ véi
sin( 9-a). Néu co6 sai léch, tin hiéu duoc bu bai thiét bi bu. Sau dé, tin
hiéu duoc tich phan. Mach phén héi ¢6 bo tao dao dong, chuyén déi dién
ap thanh tdn s6 (voltage-to-frequency converter - VCO), va khéi dém
xung. Gid tri 0 a dai dién cho géc quay 9.
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Hinh 6. 9: Su do nguyén Iv lam viée va xu Iy 1in hiéu cia resolver
6.3.2.2. Cdm bién van toc
Mac dit ¢6 the xdc dinh van t6c tir két qua do vi tri, ngudi ta van thuomg
do tric i€p no bang cam bién doc [ap. Cac cam bién van toc thudng diing ¢6
tén [ tachomerer. Co6 2 loai tachomerer la DC tachometer va AC
tachometer.

DC tachometer 12 mot may phat dién mot chiéu, ding nam cham viph
cuu. Yéu cau dac biét doi véi ching la quan hé tuyén tinh giira tin hiéu
vio (toc do quay) va tin hiéu ra (dién dp): giam hiéu dng tir ré vi danh
huong cta nhiét do. Nhuge diém clia DC rachometer 1a dling c6 gép dién -
v khong thé loai trir duge hién tugng mach dap bang phuong phép loc, vi
tan sO tin hiéu ra thay déi thuong xuyén. Do tuyén tinh cua DC
tuchometer ¢6 thé dat trong khoang 0,/ = 1%, hé s6 dap mach bing
khoang 2 = 5% gia tri danh dinh cta tin hiéuo ra.



AC tachometer khac phuc duge hién tugng mach dap. N6 pom siator.
¢6 2 cuodn day va rotor kiéu coc. Cudn day thit nhat (cuon kich tir) ducc
cap dién 4p xoay chiéu hinh sin véi tan s6 khoang 400 H:z. Khi rotor
quay, trén cuon day thi hai s¢ xuat hién dién dp xoay chiéu ty 1¢ thuan
vdi toc dd quay cua rotor. Hién tugng mach dap van ¢é nhung ¢6 thé loai
trir bang bo loc thich hop, vi tan $6 tin hiéu ra khong doéi. Ngoai ra, AC
tachometer con cb ciac uu diém khac, nhir khéng gap cac phién phitc do
c6 gop. rotor khéng cé cudn day nén nhe, momen qudn tinh nho, dé can
bang vi chac chan. Nhirge diém ciia né 1a ¢é dién dp du § diu ra ngay ca
khi rotor khong quay do ho cam ky sinh gifta cic cudn day.

6.3.2.3. Cam bién do luc

Mot vit chiu tac dung cda fuc va momen bao gid¥ cling bi bién dang,
nghia la c6 chuyén vi tuong d6i gilia cdc phidn cia né. Vi vay cac phép do
luc va momen thudng dugc quy vé do chuyén vi, Thong s6 cla céc linh
kién dién. nhu dién trd, dién dung, dién cam, thudng thay déi khi bi bién
dang. Dua vio dé ngudi ta ché tao cdc dau do kiéu dién trd, dién dung,
dién cam dé do luc. Trong mot s& tinh thé vat chat. nhu thach anh, khi bi
bién dang s€ c6 chénh léch dién 4p gilra cac ving. Dua vao d6, ngudi ta
ché tao ra cac dau do luc kiéu ap dién (piezoelectric).

Trong s6 céc loai sensor luc ké trén, nguoi ta hay ding kiéu dién tré.
gol 1& rensiometer (hinh 6.10). DG 1a dién trd lam bing day dian manh,
duge dan 1én phan tir bi€n dang. Néu phan tr bi kéo thi tiét dién day bi
giam, do d6 dién trd ctia nd 1ang. Ngoai yéu cau vé do tuyeén tinh. dién g
suat clia vat liéu 1am fensiometer phai it thay déi theo nhiét do. Dé tang viing
[Am viéc tuyén tinh, ngudi ta diing cdu can bang, trong d6 fensiometer 1a mot
nhanh (R ). Khi chua tic dung luc. cau cin bang, nghia 13V, = 0. Khi ¢6 luc,
R, thay déi, lam cdu mat can bang. Tin hiéu ra dugc tinh theo céng thic:

R, R

< _ hl )‘V"
R,+R, R, +R

v, =( (6. 17)

Dé bi su anh hudng cha nhiét do, ngudi ta ding R, nhu dién tré b,
gin lén ving khong chiu luc. Néu gin R, lén phia d6i dién cla phan tir
bi¢n dang, sao cho R, chiu kéo con R, chiu nén thi s& tang duge d nhay
cha sensor.
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R,

Hink 6. 10: Cdm bién dién trd va so dé noi kiéu cdu can bding

Quan hé giira luc tdc dung va tin hiéu ra phu thuoc rat nhiéu vao cich
gan sensor 1én phéan ur bién dang. Sau day 1a vi du minh hoa vé ing dung
tensiometer vao do luc tic dung 1én c¢6 tay khi nang vat. Hinh 6.11 cho
thay, trong trudng hop nay phan tir bién dang cé dang chit thap (kiéu
Maltese), dong vai trd truyén luc gita kep va co tay. Cic tensiometer
dugc dén 1én cac nhanh chir thap, sao cho sensor nhan duogce tin hiéu
luc tac dung theo bat cif phuong nao. Méi nhanh chir thap duge dan 2
tensiometer, nén tong s6 gia tri do dugc la 8, tir @, dén w,. Luc téng
qudt tdc dung 1én cd tay cé 6 thanh phan: 3 thanh phdn luc hudng
theo 3 truc toa 46 (£, f.. f.) va 3 thanh phidn momen quanh 3 truc dé
(., 4, i.). Quan hé gitta cic thanh phan luc va momen véi ciac gia
tri do duoc biéu dién qua mot ma tran, goi la ma trdn chudn dinh

(calibration matrix):

o,
1[0 ¢, 0 0 0 ¢, 0] |o
7 . 0 0 ¢ 0 0 0 W,

v _ 0 ¢, 0 ¢, 0 ¢y 0 cy |2 6.1%)
U, 0 0 0 ¢, 0 0 0 c,| |w;
U, 0 ¢, 0 0 0 ¢, 0 0 Wy
4] ey 0 ¢ O ¢ 0 ¢, 0] |0
o,



Hinh 6. 11: Phdn nt bién dang kiéu Maltese

Cic sensor thong dung kiéu ndy c6 dudng kinh khoang /0 cm, cao
khoang 5 ¢m; ¢6 gidi han do luc (50 = 500) N va momen (5 =70) Nm; do
phan giai do luc khoang 0,/% va momen (,05% gia tri cuc dai; t6c do lay
mau ctiia mach xur 1y khoang / Hz.

Chi y rang gia tri luc va momen do duoc la cdc gid tri tai khung do,
khong phai tai vét (hinh 6.11). Muén xac dinh dugc gia tri luc va momen
tai vat, can tién hanh cdc phép chuyén déi toa do nhu da trinh bay trong
cac chuong trudc.

6.3.2.4. Thiét bi quan sat (Visual System)

Thiét bi quan sét 1a mot loai sensor dac biét, c6 kha nang nhan biét va
xu ly hinh anh cua d6i.tugng. Thiét bi quan sat duge (ng dung rong rai
trong cong nghiép néi chung, song tng dung trong robot la tng dung dac
trung nhat. Mat khdc, x{r Iy anh 1a mot trong nhiing linh vuc phat trién
manh nhat cta cong nghé thong tin hién dai, nén thiét bi quan sdt trén
robot gin lién véi mdy tinh.

Trén hinh 6.12 12 mot hé théng quan sat don gian clia robot, dé nhan
biét 2 vat: mot vat cao va mot vat thap. Hé thong ¢6 mot nguon sang
va 2 sensor thu anh sang. Néu c6 vat cao trude ngudn sang thi ca 2
sensor déu nhan dugc dnh sang phan xa. Néu chi c6 vat thap thi chi
rieng sensor thap nhan duge. Néu khong ¢6 vat nao thi khong sensor
nao nhin duge tin hiéu. "Hinh anh" clia doi tuong chi gém ¢6 2 diém
anh (trong ky thuat xur ly anh, diém anh dugc goi la pixel).
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Hinh 6. 12: Hé thong quan sdt 2 pixel

Tin hiéu vé doi tugng. tuy chi ¢6 2 pixel nhung ciing can bo phan
tich, vi du mot PLC. N6 s& dugc lap trinh dé:

- Bao hiéu cho robot néu c6 vat cao truéc mat. Vi vdy robot chi phai
phan @ng khi gap vat cao.

- N&i hiéu Iénh cho ngudi néu chi c¢é vat thap trude mat. Nhu vay,
nguoi chi phai phan tng n€u gap vat thép.

Goi hé théng trén 12 "thiét bi quan sat” c6 thé 12 hoi lam dung tir nay
va h¢ thong nhur vay ¢6 1€ khong ton tai trén thuc t€, nhung né cho mot
hinh dung ban diu vé thiét bi quan sat.
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Thiét bi quan sdt that su (hinh 6.13) cing ¢6 cic bo phan co ban nhu
hé théng vi du & trén. DS 13 hé thong don gian dé nhan dang chi tiét. N6
¢6 kha nang phan biét cdc chi tiét trong trudng quan st cta minh.

Heé thong nhan dang néi trén gém cé:

- Nguon sdng, tia sdng do né phat ra s€ bi phan xa bdi vat va dugc thu
bai...

- Camera, bién ddi quang nang thanh dién néng, cung cap cho...

- Bo thu dnh (Framegrabber), gbm mach dién tr va phan mém dé
phan tich tin hiéu thanh cac.pixel va bi¢u dién ching dudi dang ma nhi
phian. So dé phan bd cdc diém anh goi 12 bitmap. So d6 nay s& dugc
chuyén t6i...

- Mdy tinh dé luu trir va xir 1y tiép. May tinh sé so sdnh so d6 diém
anh cua vat véi so dé diém anh chuén (goi 1a template) trong thu vién dé
xem vat thudc loai nao. Mdy tinh s& chi cho robot biét chi tiét né dang
nhin thay la chi tié€t nao, thong qua...

- Giao dién ddu ra. N6 chuyén tin hiéu tlr hé thong nhan dang cho bo
diéu khién robot. Vi du, mét ma "H" (néu chi tiét 1a hop), ma "C" (néu
chi tiét 1a co 1&) sé duoc truyén theo giao dién chuan RS 232.

Thi¢t bi nhan dang cang chinh x4c néu s6 di€ém anh trén mot don vi
dién tich dnh (nghia I1a do phan gidi) cing 16n. Don vi chuéin cha d6 phan
giai 1a dpi (dots per inch). Man hinh may tinh ¢6 d6 phan giai ¢& /00 dpi,
con mdy in laser thudng cé do phéan giai cao hon (c& 300 dpi tré 1én). Do
phan giai cia anh cang 16n thi t6c d6é xir ly va dung luong bo nhd cha’
mady tinh cang phai cao. Kha nang nhan dang chinh xdc cua thiét bi quan
sdt can cho nhiing trudng hop sau:

- Phan biét cac chi tiét kha giong nhau,

- Phan biét sian phim 6t va phé phdm,

- Sir dung mau sac dé nhan dang déi tuong,

- Do kich thudc cua chi tiét,

- Nhan biét vat can dé tranh va cham,

- Nhén biét khoang cach vi hudng ctia chi tiét,

- Nhan biét t6c do va hudng chuyén dong cha doi tugng,
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- Nhan biét d6i tugng 3 chiéu.

C4c thiét bi nhan dang muc tiéu cia mdy bay ném bom, nhan dang dudng
cho céc 6 to tur 14i,... 12 nhitng vi du vé cdc thiét bi quan sét hién daj.

6.4. HE THONG DIEU KHIEN

Cac phdn trén di trinh bay vé heé thong co khi (xuong ¢6t) va hé than
kinh ngoai vi. Muén diéu khién duoc robot can mot hé théng than kinh
trung uong. tifc 11 nio bo. DS 1a hé théng diéu khicn.

6.4.1. Kién trac chitc nang

Heé thong diéu khién robot can ¢ cdc kha nang sau:

- Diéu Kkhién chuyén dong cla cic co ciu co khi (manipulation
ability):

- Thu nhan thong tin vé trang théi cita hé thong va vé€ moi trudng cong
tac (sensory ability);,

- Phan tich thong tin va phan ing trudc diéu kién thuc t¢ trong pham vi
xdc dinh (intelligent behavior ability);

- Luu trit, xtr 1y va cung c4p thong tin vé hé thong ( datc; processing ability).

Muén vay, bo diéu khién can c6 cac khai (modul) co ban:

- Modul cam bién thu nhan, bién déi, hiéu chinh, tdng hop thong tin vé
trang thai cua hé théng va vé moi trudng.

- Modul téng hop, thiét lap mé hinh tdng hop vé hé théng va moéi
trudng trén co sd thong tin do modul cam bién cung cap. ;

- Modul ra quyét dinh, dua ra phuong thitc hanh dong. Tur chién luge
hanh dong, lap ké hoach, diéu khién hoat dong chia co cdu dé thuc hién
nhiém vu theo tinh huéng cu thé.

Cac modul trén tir dong lién két véi nhau theo nhiém vu, duge quy dinh
trong chuong trinh, ¢é tinh dén khé nang thich ing ctiia hé thong trong tinh
huéng cu thé. Tuy vay, vin cin ¢6 giao dién véi ngudi van hanh dé khi can
con ngudi c6 thé kiém fra, gidm sdt, can thiép vao h¢ thong.

Tinh dén cudng do trao di thong tin giffa cic modul véi nhau va giita
hé thong véi ngudi van hanh, cin ¢é bo nhd chung dé lu trit cc thong
. tin ban dau va thong tin cip nhat cia hé thong va moi truong.



Cau triic chic nang trén duge phan cdp theo thi bac. Cau tric bac
thdp lién quan dén cdc dich chuyén vat ly. Cdu triic bdc cao gan voi chic
nang phan tich logic. Cac béc lién hé v6i nhau thong qua dong dir liéu. So
d6 trén hinh 6.14 cho phép nhin nhan tong quan vé ciu tric chiic nang va
céu tric thd bac cua hé diéu khién robot.

Tuy theo yéu ciu doi véi hoat dong cia robot, cac chic nang duoc phan
cdp v6i miic do khac nhau. N6i chung, ¢6 thé phan thanh 4 cip chinh:

- Cdp nhiém vu (task level), gidi quyét cac van dé chung vé nhi¢m vu.
So sdanh yéu cdu dat ra véi kha nang chap nhan cta hé thong, tinh trang
hién tai clia hé thong va moi truong,...

- Cap chién lugc (action level), giai quyét phuong thuc hanh dong
chung, vi du hé toa d¢, vi tri cta phéin cong tdc, ciac diem phai di qua,
ham noi suy sé sur dung,...

XU LY TIN HIEU MO HiNH CHIEN LUGQC
TU SENSOR TRI THUC RA QUYET BINH
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Hinh 6. 14: Cau triic chitc ndng va thit bdc ciia hé diéu khién robot

- Cap ke hoach (primitive level), thiét lap quy dao, tinh toin dong hoc
va dong hoc ngugc, phan tich tinh trang hé chap hanh,...

- Cap thura hanh (servo level), lién quan dén cdc hoat dong cu thé, nhu
gial ma lénh, noéi suy, xir ly 16i, giao dién véi co cau chap hanh.

So dé trong hinh 6.15 cho phép hinh dung chi tiét vé su phan cap diéu
khién. Trén thuc t€, khong phai hé¢ diéu khién robot nao cting c6 ddy du
cc cdp diéu khién néi trén. Hau hét cdc RBCN khong c¢6 cap nhiém vu.
Nguoc lai, mot s6 loai robot, nhu robot dung trong vii tru, trong quan suf,
trong y hoc.... ¢6 nhiéu cap diéu khién hon.
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Hinh 6. 15: Phdn cdp diéu khién robot

6.4.2. Moi truong lap trinh

Dac diém quan trong cua robot la 1am viéc theo chuong trinh va téi lap
trinh dugc. Chuong trinh 1a phuong tién dé nguoi sir dung truyén dat cho
robot cdc nhiém vu ma né phai thuc hién va huéng din cho robot lam
viéc dé thé nao. Vi vay robot can ¢6 mot moi truong lap trinh véi ngon
ngtt lap trinh nhét dinh. Moi truong lap trinh, ngoai hé théng 1énh va ham
nhu cac ngon ngir lap trinh khdc, con phai ¢6 kha nang giam sat qua trinh
lam viéc cua robot va ¢6 phan (ng thich hgp. N6i cach khac, du hé thong
duoc thiét ké chinh xdc va ty my dén dau thi ciing khong luong hét dugc
moi yéu t6 bat trac. Chuong trinh phai cho phép robot phan tng hop 1y
trong mai tinh huéng. Néi tém lai, méi trudng lap trinh robot cdn ¢6 cdc
yéu 10 sau:

- Hé thong di¢u hanh trong thoi gian thuc.

- M6 hinh hoa khong gian cong tdc.

- Diéu khién chuyén dong.

- Doc va xir 1y thong tin tir hé thong sensor.



- Giao dién v4i hé thong vat ly.

- Phat hién va xu ly 16i.

- Phuc héi cdc chirc nang lam viéc diing.

- C4u tric ngdn ngir xdc dinh.

Nhu vay, moi trudong lap trinh bat nguodn tir cau tric he diéu khien,
nghia l1a ¢ két cau chifc nang va tha bac.

Su phat trién cia mai trudng lap trinh phu thudc vao khoa hoc mdy
tinh. Theo dinh hudng chiic nang cé thé nhan thdy 3 thé hé cia moi
trudng lap trinh: lap trinh kiéu 1am mau (teach-in programming), 1ap trinh
dinh huéng robot (robot oriented programming), tap trinh dinh huéng doi
tugng (object oriented programming). Thé hé sau thudng bao ca chic
nang cua cac thé hé trudc.

6.4.2.1. Ldp trinh kiéu lam mdu

Day i phuong phdp lap trinh don gian nhat. Ngudi van hanh ding mot
thiét bi dac biét, goi la reach pendant hay truc tiép dan dat tay may thuc
hién céc thao tdc. Moi thao tac s& duge ghi nhG dé sau d6 tay mdy cé thé
lap lai. DU ngay nay ngon ngit lap trinh di phat trién, phuong phap lap
trinh nay hién van con dude su dung, vi du cho ngudi méi hoc lap trinh
hoac dé 1ap trinh cdc thao tic phifc tap, khé dién dat truc tiép bang ngon
ngit 1ap trinh bac cao.

6.4.2.2. Ldp trinh dinh huong robot

Phuong phéap nay phat trién trén co sd k¥ thuat may tinh hién dai. Dac
diém co ban cua né 13 ding ngén ngit 1ap trinh bac cao, ¢6 cau tric dé mo
ta cdc thao tic. Cac yéu t6 chinh ciia moi truong gom:

- B6 soan thao chuong trinh dudi dang text editor.

- C4u tric biéu thi dit [iéu phiic tap.

- Sit dung cdc bién trang thai.

- Thuc htén cac phép todn ma tran.

- Str dung ky hiéu d€ biéu dién heé toa do.

- C6 kha nang chuyén déi hé toa do vat trén cdc khau, khép clia tay may.

- Diing ky thuit chuong trinh con, tha tuc. vong lap.

- C6 kha nang tinh todn song song.
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- Céc chirc nang diéu khién logic kha trinh (PLC).

St dung méi trudng 1ap trinh dinh huéng robot ¢é thé tao ra cdc piao
dién vai cac thiét bi khac trong hé théng san xudt. Mat khac, khong nhat
thi€t phai lap trinh tryc ti€p wen thi€t bi ma trén mot tram lap trinh doc
lap (offtine programming). MotU cong cu [ap trinh rat ¢ hiéu qua la
CAD/CAM, cho phép mo ta hé thong va mdi truong lam vice dudi dang
do hoa.

6.4.2.3. Ldp trinh dinh huong doi tuong

Lap trinh hudng d6i tugng cho phép tham nhap vao cap diéu khién cao
nhat: mo hinh hod moéi truong lam viée cua robot nhu trong hé thong san
xuat thuc. Trong hé¢ thong dd robot chi la mot trong nhimg thict bi, lam viéc
dong bo vdi cdc thiét by khac. Doi tuong lap trinh va mo ta 1a nhiém vu san
xuat cua ca hé thong chit khong phai chi riéng robot. Moi trudng 1ap trinh
nay dan dan mang cdc dac tinh cta hé chuyén gia va tri tué nhan tao.

6.4.3. CAu triic phan ciing

Thong nhat véi cau triic chung ciia he thong diéu khién, phan cling
cling cd cau trdc chifc nang theo thi bac. So dd cau tric phan cing nhu
trong hinh 6.16.

Trong h¢ thong nay, timg chic nang duge hinh thanh nhd bang mach
riéng. Cdc bang mach duoc lién két véi nhau qua duong truyén (BUS) di
licu. DO rong cta BUS phai da cho cdce phép xur 1y thai gian thue.,

Bang mach (Board) hé thong, thuc chit 1a CPU, gém:

- Mot bo vi xur 1y véi bo dong xur ly toin hoce,

- Mot EPROM cho cau hinh hé thong,

- Mot RAM riéng (local),

- Mot RAM chia xé véi ciac bang mach khadc thong qua BUS,

- Mot 6 cdng ndi tiép va song song dé ghép véi BUS hoac cdc thiél bi
bén ngoai.

- Cic bo dém, thanh ghi va déng ho.

- He¢ thong ngat.
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Hinh 6. 16: So doé cdu tric phan cing ciia hé diéu khién RBCN
Board hé thong thuc hién cac chitc nang sau:
- Giao dién véi teach pendant, ban phim, video, may in,
- Giao dién véi bo nhé ngodi (6 cing) dé luu dit liéu va chuong trinh,
- Giao dién v6i cdc tram hodc hé diéu khién khéc trong mang cuc bo (LAN),

- Giao dién vao ra (I/O) vdi cdc thiét bi ngoai vi, nhur bang tai, nang ha,
do luong, ON/OFF sensor,

- Bo dich chuong trinh,

- Bo diéu khién BUS.

Board dong hoc thuc hién cac chifc nang:

- Tinh todn dong hoc cua céu tric,

- Giai cac bai todn thuén, nghich, Jacobian ciia dong hoc tay may,

- Test quy dao,
- Giai quyét van dé lién két dong hoc thira.
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Board dong luc hoc giai bai todn ngugc cua dong luc hoc tay may.

Servo board cé cac chirc nang:

- Noi suy quy dao,

- Thuc hién cdc thuat todn diéu khién,

- Chuyén ddi s6 - tuong ty va giao dién véi cac bo khuyéch dai cong suat,

- Xt 1y cdc thong tin vé vi tri va van téc,

- Ngat chuyén dong khi c6 su co. |

Céc board khic c6 cdc chiic nang xu 1y thong tin tif cac sensor tuong ting.

Mac du cdc board déu truyén dif liéu qua BUS, 16¢ do trao déi di li¢u
ciia ching khong cén gidéng nhau. Cic thong tin hé théng cung cédp cho
servo board can cap nhat nhanh nhat ¢é thé duge, nén t6¢ do trao déi clia
chiing rdt cao (/00 + 1000) Hz. Board dong hoc va dong luc hoc chi thuc
hién cdc phép tinh, khong truc tiép tham gia diéu khién hé théng nén trao
dﬁi.thf)ng tin & 14n s6 thap hon (/0 + 100) Hz. Vision board con trao doi
dir liéu vai tan s6 thap hon nita (I = 10) Hz. Viéc  cic board trao doi dir
liéu voi téc do khac nhau gitip phong ngira tinh trang nghén kénh di fieu.

Su phat trién ctia k¥ thuat diéu khién robot khéng thé tach roi su phat
tri€n clia cong nghé thong tin. Ban than bo diéu khién robot 1a mot may
tinh chuyén dung (hinh 6.17), bén canh nhiing nguyén tac chung, co
nhiing dac diém riéng trong cdu tao va hoat dong.

Cac thiét bi
ngoai vi

Bus dif lieu ' ' N
3 Cd cau
U chap hanh

8o nna thigt bi ™ Cac sensor
- RAM CFU vaoira K vi tri
ROM :
j [ j r Cac actuator
sensor khac
Bus dia chi |
May tinh
khac
Bus diéu khién Thist bi day
Cac thiet bj

san xuat khac

IHinh 6. 17: Bé diéu khién robot cé cdu tric nhic mot may tinh



6.4.3.1. Bo xu ly trung tam

Miy tinh da gay nén su phét trién dang ké clia k¥ thuat diéu khién
robot. Cic bd vi xu ly (VXL) 8 bit, nhu Motorola 6800 hoic Zilog Z-80
dd tmg dugce su dung phé bién trong diéu khién robot. Ngay nay. phin
I6n robot di dung VXL 16 bit, vdi co-processor dé tang kha nang tinh
toan. Thong dung nhat la cac bo VXL Intel 8086. 8088. Ngoa ting dang
ké toc do xur 1y, ching con ¢6 kha nang mo rong bo nhd dia chi., cho phép
diéu khién 6t hon van t6¢ va gia toc cliia phan cong tic va md rong tién
ich lap trinh. M6t s6 robot hién dai da dung bd VXI. 32 bit. Ching rat
thich hap vai kiéu diéu khién quy dao lién tuc.

6.4.3.2. B6 nhé

Trén hinh 6.18 1a so dd cdu tnic bo nhé clia b di¢u khién robot.

Dia chi

Néi dung b nhd

Loai bé nhd |
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$00000

Chuong trinh quan 1y vao / ra (trao déi di
liéu vai thiét bi vao / ra)

Chuong trinh diéu khién servo (xac dinh vi
| tri, van (6c, momen cua phan chap hanh)

Chuong trinh quan 1y chuyén dong (cung
cip setpoints cho cic chuong frinh diéu
khién, toa do cho céc truc dé diéu khién theo
quy dao lién tuc)

Chuong trinh diéu hanh hé thong (dich va
| thi hanh céc lénh cita ngudi dung)

Céc chuong trinh dng dung (dich va thi
hanh chuong trinh cua ngudi ding)

ROM

Céc chuong trinh cia nguoi ding

Quy dao duoc "day” theo kiéu Teach - in

~_ Gid tri cdc bién hién thai
Céc thong s6 diéu khién dugc thiét dat

Danh riéng cho computer

RAM

Iinh 6. 18: Sor do 16 chite bé nho ciiu robot

Thiét bi vao / ra (dung cho mot sd mdy { Phan ciing
tinh nhu bo nhd) N




Bo diéu khién robot sur dung nhiéu loai chuong trinh. Tuy theo tam
quan trong, dugc phép thay doi dén mic nio, churong trinh diéu hanh hé
thong do nha san xuat cung cip hay chuong trinh cla nguoi ding,... ma
cédc chuong trinh dugc luu trir trong ROM hay RAM.

6.4.3.3. Thiét bi vao/ra

Thiét bi vao/ra clia robot (xem hinh 6.19) phuc vu cho nhie¢m vy diéu
khién, nghia 14 giao dién gita may tinh véi cic hé théng thiét bi trong
robot va cdac thi€t bi bén ngoai:

- Thiét bi diéu khién cdc truc. diéu khién ngudn dong lirc cung cap
cho cic truc dé thi hanh cic nhiém vu ciia robot. M4y tinh diéu khién hé
thong chap hanh thong qua céac thiét bi nay. Ching cé thé la cdc servo
driver, inverter,... Chiing ¢6 thé bao g ca bd chuyén déi s6 - tuong tur,
cho phép mdy tinh diéu khién dong ¢ mot chiéu. Néu dung hé diéu
khién servo thi ¢in thu nhan tin hiéu tir cac sensor.

Mang truyén thong <———> May in

- Cac bo didu khién khac -« Thiét bj luu trir
- Cacbd PLC ) (!EEPRQM,
- Cac Robot khac o dia mém)
3 Cac sensor
50 tr . Chuyén ddi tuong ty
Lap trinh offline 4———— :> A/D va DIA Cac actuator
tuong ty

| Thiétbiquansat le—n — -
Le— Cac chuyén
Irv " - D Giao dién /O .‘_‘ mach
T .
song song % Gac actuator
data

[ tin hiéu %1

| Thiétbiday e >

yaw
\/l pitch
CPU roll
Khop vat
O Khdp khuyu
Bo nhg Khép than

/

Céc bang mach
diéu khién truc

Hinh 6. 19: So db thiét bi vao | ra cua robor
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- Thiét bi day (Teach Pendants) 6 trén hiau hét robot. Loai don gian
chi cho phép nhd cac toa do ma robot duoc dir qua d sau dé 1ap lai.
Loal phic tap ban co the ¢é cdc phim diéu khin chifc pdng, nhr chuyén
dépg cdc true, ma va dong kep,,.- va cde [énh xtr 1y chuong trinh, nhu ghi,
doc, chay chuong trinh....

- Cdc thiét bi ngoai vi, nhuy may in. thi¢t bi luu trit ngoat. man hinh,...

- Giao dién vot hé théng sensor. c6 thé la s6 hav wong tir tuy theo
loui vensor va thiét bi xu 1.

- Giao dién véi cdc hé diéu khién khdce, nhir PL.C, may CNC, robot va
cac thiét hi san xuat khic,...

- Mang truyén thong cuc bd hav dién téng.



Chuong 7
SU DUNG ROBOT CONG NGHIEP

7.1. CAC LINH VUC UNG DUNG DIEN HINH CUA RBCN

Rohot duoe s dung trong mot linh vue: san xuat, quoc phong. nghién

ctiu khoa hoc, dan sinh,... trong dé. cong nghi¢p {a not st dung robot mot
cdch phd bién nhat. Trong cong nghiép. cling vai cac thiét bi cong nghe
va cdc thiét bi nang chuyén, robot cling di duge théng nhit hoa cao vé ket
ciu va ing dung. Xu hudng ung dung RBCN nham vao mot s6 truong
haop chiah nher sau:

- Cong viee budn té, don dicu, hoiac lam viéc lién tuc ca ngay dém. vi
du van chuyén, x&p dd hang hod, phuc vu may cong cu, lap rap, do liong.
bao gd} san pham....

- Cong vice nang nhoc;

- Cong vice ¢dy nguy hiém cho con ngudi;

- Lam viéc trong cdc moi truong khong igi cho sitc khod¢ cua con
ngudi. ahu néng, doc, phéng xa, dudi nude sau, trong long dat. ngoai
khoang khong vi truy,...

Tuy robot dugc sir dung rong rai nhu vay nhung tai liéu nay cha véu di
sau vao [inh vuc (ing dung rong rdi nhat caa RBCN, 12 nganh ché tao mdy.

7.2. CAC HE THONG SAN XUAT €O SU DUNG RBCN

Neay nay ngudi ta da dung tinh ir robot hod dé chi cic hé théng san
xuat ¢6 st dung RBCN. Cin ¢ vao hinh thdi t6 chic san xual. ngudi ta
phan biét 4 dang robot hod h¢ théng san xuat.

7.2.1. Robot hoa cac thiét bi cong nghé

Day la dang iing dung don gian nhat cia RBCN. trong dé thiét bi cong
nghé dugc phuc vu bdi mot hay cac robot (hoac dugc trang bi co ciu phuc
vu dang robot) dé tu dong hod cic cong viéc phuc vu. Trong gia cong cat
got, cdc cong viée thudng dugc phuc vu bai robot 1a van chuvén phai va
san pham. dua phoi vao thiét bi ga kep va thdo san phiam sau gia cong
(thay phai), ddo phoi trong khi gia cong. x€p san phim vio gid. do sin
pham trén may hodc dira san pham lén thiét bi do, 1am sach dé gd hodc hé
miit chi tiét. thay dung cu,... Trong san xuat diic, robot throng duge giao
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nhiém vu lap, d& khuon, rét vat liéu, lam sach vat dic,... Trong gia cong
dp luc. robot ¢6 thé dam nhéan viéc dua phoi vao viing gia cong va lay san
pham, ddo phoi khi rén. Cé nhitng trudng hop. nhu khi han, son.... robot
déng thoi 1a thiét bi cong nghé, nghia la né truc ti€p diéu khién mo han
hay dau phun son dé hoan thinb nguyén cong cong nghé.

1800

,N; @ Fff {7:]
5

(a)
Hinh 7.1:

a- So do mdy cong cu cé ldp robot
kiéu PHTM-01.01.
b- S dé cde triic va viing cong tdc @/ﬁ'ﬂ'/ LS
cua robot kiéu PUTM-01.01. W

(b)

Trén hinh 7.1 (a) 1a so dé mot t6 hop gébm mdy tién ren vit diéu khién
s 2, kiéu 1M1611M®3, duoc lap robot 1, kieu PUTM-01.01. Phéu rung
3 dé dinh hudng phéi trude khi dua vao may. Robot nhat phoi da duge
dinh hudng tir phéu 3. Chi tiét sau gia cong duoc robot 1dy khdi mam cap
va dat lén khay 6.

T6 hop nay diing dé gia cong cdc chi tiét tron xoay, dung phoi rdi ¢6
duong kinh 6+50 mm. dai 10+50 mm, khéi lugng dudi 0,1 kg. Thoi gian
gia cong mot chi tiét tir 0,15 dén 0,5 ph. Nang suat gia cong tang 150%
so v&i khong dung robot.

Trén hinh 7.1 (b) 14 so d6 clia robot PUTM-01.01. N6 duroc thiét k& dé
phuc vu cdc mdy gia cong cat got, mdy dap ngudi va lap rdp don gian.
Céc tinh nang k¥ thuat chinh ctia né trong bang 7.1.
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Bang 7.1:

Tinh nang ky thuat cua robot PUTM-01.01

Tén thong so

Strc nang (kg)
S6 bac tr do

Kiéu truyén dong

Kiéu diéu khién

S6 toa do lap trinh

éai s6 dinh vi (mmj

Gia tri Tén thong so Gia tri
0,1 T4am vuon 16n nhét (mm) 345
e e
khinén | Van tdc thing theo x/t/z (m/s) | 0,17/0,6/0,17
e L L T
4 | Vantéc goc theo o/a (fs) | 62/1,53
—— s -

Trén hinh 7. 2 1a so d6 khong gian cia té hop mdy - robot dé gia cong
co khi. D6 1a mot thiét bi van nang hep, c6 kha nang thay ddi cau hinh dé
thich ing véi su thay déi trong mét pham vi hep kich thudc va hinh dang

chi tiét.

Hinh 7. 2: So db khong gian cua 16 hop mdy - robot

Vi du vé mdy cong cu dugc mot robot déc 1ap phuc vu & trén hinh 7.3
(a). Té hop ding may tién CNC kiéu A616®3. Robot kiéu BPHUI'-10B cé
nhiém vu 14y phoi tir gid 3, cip cho mdy tién va lay chi ti€t gia cong xong
khoi mdy, chat vao gid 5. T6 hop c6 thé gia cong cdc chi tiét dang dia,
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duong kinh dén 100 mm, dai dc¢n 200 mm, hodc chi tiét dang truc. duomg
kinh dén 80 mm, dai dén 600 mm. Robot ki¢u BPUT-10 trén hinh 7.3 (b)
dugc thiét k& dé phuc vu cdc mdy tién ban tu dong kiéu 1A730, 1A24011-
6, may phay ren 5K63, mdy tién CNC kiéu AT 1IP-2M12. N§ ¢6 tinh
nang co ban nhu trong bang 7.2.

Bang 7. 2: Tinh nang k¥ thuat cua robot GPUI-10

Tén thong s6 Gia tri Tén thong so Gia tri
Sitc ndng (kg) 110 ) Tam vwron 16n nhat (mm) | 1260
S6 bac ty d 5 Chuyén vi dai y/r/z (mm)  { 200/600/100
Kiéu truyén dong khi nén | Vén tdc dai theo x/r/z (m/s) | 0,3/0,6/0,3
Kiéu diéu khién chu trinh || Chuyén vi géc ¢/o (%) 210/180 !
86 toa do lap trinh 4 Van (0c gac theo ¢fo (“fs) 1.53/1.53 i
Sai 56 dinh vi (mm) | 203 || Khai luong (kg) 1 300 i

600 1135
+ -, .
4
5 1 ’
NlleINEE
(a)
Hinh 7.3

a- So do mav cong cu dwge
phuc vy bai robot doc lip.

b- Robot BPHT-10.
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Trén hinh 7.4 1a robot phun son kiéu [1PK-20. Né mang diu phun son
va co dé gd dé xoay vat cin son.

g

Hinh 7. 4: Robot phun son kiéu ITPK-20

Trén hinh 7.5 13 robot kifu PUTM-03-01, phuc vu mdy dap tdm. N6 c6
2 cénh tay: mot tay mang kim gap, tay kia mang 2 budng hiit chan khong.

Hinh7.5:
Robot kiéu
PHTM-05-01
phuc vu mday
ddp tdm
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Trong san xudt dic, robot thudng duge ding dé thay thé con ngudi
trong cdc cong viéc nang nhoc, doc hai (nhu néng, bui, 6n).

Trén hinh 7.6 la so
d6 robot cla hang
Toshiba, lam cong viéc
rot vat liéu & thiét bi
dic dudi dp luc. Phéan
cong tic cia robot la
thia 1, dugc kep trén
canh tay 2. Canh tay la

co cdu hinh binh hanh.

Tai vi tri I, thia mic
kim loai ndng chay
trong lo. Lugng kim
loai duoc di€éu chinh
nhd mot co cdu quay
dac biét 6, tuy theo goc
quay cta né. Xi lanh
thuy luc 5 lam quay
canh tay 2 quanh truc 8
dé chuyén thia vé phia
phéu 4 (vi tri II). Kim
loai dugc rét qua phéu
vao budng dp luc cua
may dic.

g 5

i
ma g

by
7

Hinh 7. 6: Sa dé robot phuc vu thiét bi diic
ap liee

7.2.2. Robot hoa cac té bao san xuat

Té& bao san xudt (manufacturing cell) 1a t6 hop, gdm (cic) thiét bi cong
nghé, (cac) robot va céc thiét bi phuc vu khic, dé hoan thanh mot nhiém
vu san xuft doc lap. Cdc thiét bi phuc vu c6 thé la thiét bi xép dd, dinh
hudng,... Méi t€ bao san xuit cé thé hoat dong doc lap hodc lién két véi
céc thiét bi hay t&€ bao san xuit khdc dé hinh thanh moét hé théng san xuat
(manufacturing system). T€ bao san xuat cé robot phuc vu dugc goi la 7é
bao sdn xudt robot hod. Mot t€ bao san xudt tu dong hod duoc diéu khién
bai in\_bQ diéu khién chung (cell controller).
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Trén hinh 7.7 (a) 12 so d6 mot t€ bao san xuat robot hoa dé tién chi tiét
khoi lugng dén 40 kg. N6 gébm hai mdy tién CNC cing kiéu 16K30D3,
duoc phuc vu bai robot kiéu YM160D2.81.02. N6 ¢6 so dé nhur trén hinh
7.7 (b). Chu trinh hoat déng cta 1€ bao nhu sau: Robot nhat phoi trén ban
quay 3, dat vao mam cap ctia may tién thi nhat dé gia cong mot dau. Sau
dé, chuyén phoi d6 sang mdy tién kia dé gia cong dau con lai. Cuéi cling,

chuyén chi tiét vao ban quay.

gid chi tiét.

Ban quay 180°, chuyén chi tiét vé phia

18200
L e . J
N R W1
| '}Er—l; W g7 |p /mi 7
1 F G
16000
* 12000 E 12000 H 60 S
(a) o
Hinh7.7: ¥ N TEay
(a)- So dé té bao san xudl tr cdac Z/ ;
may céng cu cung loai. i
(b)- Robot kiéu YM 16092.81.02
(b)

YM 16012.81.02 la robot kiéu céng, ding dé phuc vu déng thoi cac
mdy cat kim loai. Tinh nang k¥ thuat co ban cta né nhu trong bang 7.3.
Bang 7. 3: Tinh nang ky thuat cua robot YM 16002.81.02

Tén thong so Gia tri “Tén thong so Gia tri
Sttc nang (kg) 160 Tam vuon 16n nhat (mm) 2300
T i e =
IR T T R =
‘Kiéu diéu khién | YTIM-331 || Chuyén vi g6c 0,/0,/cc() | 90/90/90-180
SSt0adolgptrinh | 4 Vantde goc theo 8,8 (1) | 051051025
CE ATt Tt — |
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Trén hinh 7.8 1a so do té bao san xuat dé gia cong tién - phay cdc chi
tiét dang truc c6 khéi luong dén 160 kg. N6 gébm ¢6 mdy phay - khoan
tam kiéu MP-179, mdy tién diéu khién s& 1B732D3, dugc phuc vu boi
robot ki€éu YM 160®2.81.02. Robot 1 ¢é nhiém vu cdp phoi cho cic may
phay 2, mdy tién 3 va chuyén chi tiét vao cdc gid dung 4.

Hinh 7. 8:T¢ ]f?%f T i
bao san xuat b | = % l Jﬁﬂ% &
gt'”)‘m cac mdy | Jll’l: c—0 | ' H:I] l

cong cu khac

[}

loai

Trén hinh 7.9 1a so d6 toan canh mot 16 hop san xuat wr dong, gom 6
mdy tién diéu khién theo chuong trinh s6, dugc phuc vu bdi robot
Kawasaki Unimate-5030.

Hinh 7. 9: So do toan canh cuia t6 hop san xudt ue dong
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TS hop gébm ¢6 kho chida ty déng 1; bang tai con [an 2 dé van chuyén
phoi va chi tiét; thict bi van chuyén phoi tir bang tai dén timg mdy cong
cu 3; cac mdy cong cu 5 v6i tu diéu khién 4; bang tai chuyén phoi va
thing dung 6: robot 7. phong diéu khién tung tam nhd may tinh 8: ban
kKiem tra (KCS) 9 va tram quan sat 10.

7.2.3. Robot hoa hé thong san xuat

Khic voi t&¢ bao san xuat. phiém vu ctua hé thong san xuit 1a hoan
thanh mot hay mot s6 san pham hoan chinh. Vi vay, mot hé théng san
xuat dugc 10 hop tir cde 1€ bao <an xuat va cdc thiét bi cong nghé, thiét bi
phuc vu don le. Vé 13 chic, ngudi ta phan biét 2 dang hé théng san xuat:
ddy chuyén sdan xudt va cong doan sdn xudt.

Dady chuyén sdn xudt robot hod 1a t6 hop cic t€ bdo san xuit robot
hod, dugc lién két véi nhau bang cdc thiét bi van chuyén hoic gébm mat
s6 thiét bi cong nghé, duge phuc vu bdi mot hay mot s6 robot va céc thiét
bi van chuyén,... d& hoan thanh cdc nguyén cong cong nghé gia cong sin
pham. Day chuyén duoc t6 chitc mot cich chat ché. Vé mat khong gian
va thoi gian, cac thiét bi cong nghé dudc sip xép theo trinh tw cong nghé.
Vé mat thasi gian, nhip san Xuat & timg nguyén coéng (nghia 1a thon gian
hoan thanh nguyén cong tai médi thiét bi) phai bang nhau hoac bang bai
s cua nhau dé dam bao nhip chung cua day chuyén. Déi véi sdn xudt day
chuyén, phuong tién van chuyén khong chi cé nhiém vu van chuyén don
thuian ma con duy tri nhip san xuit, Ching dugc bé tri theo khuon dang
cta day chuyén va tuan theo cac nguyén tic nhat dinh. Trén hinh 7.10 13
mot s6 so d6 bo tri phuong tién van chuyén trén day chuyén san xuat
robot hoa. Su phoi hop mot cach dong bo giita cac thiét bi trén day
chuyén duoc dam bao bsi mat he diée khién chung (global controller).

Thiét bi tren day chuyén gom: thiét bi xép d(')";l3 2; thiét bi kiém tra
kich thudc ctia phoi 3; ciac gia dung 4: cau truc xép dd 5; bang tai 6;
robot 7; thiét bi van chuyén cé b&n'nz‘mg ha 8: dudng van chuyén mot ray
9: thiét bi van chuyén déc 1ap 10: tay mdy treo 11.

Cong doan sdn xudt robot hod khong ddi hoi phai 16 chite cdc thiét bi
cong nghé mot cach khat khe vé khong gian va thoi gian.
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7.2.4. Robot trong san xuat linh hoat

San xuat linh hoat xuat hién va phé bién vao khoang thap ky 80. N6 Ia
két qua cha su phat trién clia méay cong cu diéu khién s6, RBCN, ky thuat
diéu khién tu dong nhd mdy tinh,...
(Fexible Manufacturing System -

robot hoa.
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Hinh 7. 10: Mot sd dang so dé6 b6 tri ddy chuyén sdan xudt robot hod
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Mot hé thong san xudt linh hoat
FMS) truée hét phai 1a hé thong san
xuat tu dong hoa kha trinh (Programmable Automation System), dugc
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biém mau chot nhat dé phan bict FMS vSi hé théng san xudt cling
(Fixed Manufacturing System) 1a & ché FMS c6 kha nzng thich tng vdi su
thay doi doi tuong san xudt ma khong cdn sit can thiép ciia con ngidi. Su
tich hop h¢ thong thiét bi phan ciing (hé théng san xudt linh hoat. mang
truyén thong, hé may tinh va thiét bi ngoai vi) va phdin mém (hé diéu
hanh, hé CSDL, cac phan mém chuc nang), cho phép thuc hién tr dong va
tron ven moi giai doan cla qua trinh san xuat (tix thiét k&, chuan bi cong
nghe, diéu khién sin xuat, giam sdt chat lugng, bao géi. théng ké,...) hinh
thanh hé théng san xuat tich hop nhd mdy tinh (Computer Integrated
Muanufacturing - CIM).

Theo 1'OCT 26228-85, FMS duge dinh nghia nhu sau:

Hé thdng san xuat linh hoat 13 t6 hop giita hé théng c¢dng nehé (cac
mdy diéu khién s6, cdc t6 hop san xuat robot hoa, cdc t& bao san xuat linh
hoat, cdc thiét bi cong nghé don 1€,...) va hé thang dam bao cac chiic
ndng 1am viéc tr dong cua hé thong, cé kha nang tu diéu chinh dé thich
(ng vai su thay doi bat kv ddi tuong san xuat trong danh muc.

H¢ théng ddm bao chic nang gdm cé cdc hé thong tu dong hoa rhiét
ké san pham. chuan bi cong nghé. van chuyén déi tugng, dam bao dung
cn, gidm sat chdr lugng, thu va chuyén phoi, dicu khién.

Mot FMS cé thé la mot day chuyén linh san xuat hoat, mot cong doan
san xXuat linh hoat, mot phan xudng san xuat linh hoat. N6 ciing duge hinh
thanh tir cdc € bao san xuat linh hoat (Fixed Manufacturing Cell - FMC).

Vi du sau sé gitip ban doc so sdnh giita mot t8 hop san xudt robot hod
thong thudng va mot 16 hop sdn xuat linh hoat.

o 7.2.4.1. Té bao san xudt tu dong hod thong thuong

Trén hinh 7.11 12 so d6 t&€ bao sin xuat tu dong hod dé han dau ndi lén
bang mach dién t. Céc thiét bi trong hé thong gom: 1- bo diéu khién
robot; 2- bang tai nap bang mach; 3- bo logic kha trinh (PLC); 4- chao
quay; 5- bd diéu khién nhiét do; 6- gd han; 7- robot; 8- bang tai cho sin
pham "tot"; 9- bang tai cho san pham "héng"; 10- ban ki€m tra; 1]1- mdy
tinh (PC) c6 card giao dién va chuong trinh diéu khién thiét bi kiém tra.

Qua4 trinh lam viéc cua té bao ¢ 2 giai doan:
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Giai doan I: Bang mach co sa duge chuyen vao nhd bang tai 2. Bing
wd dat cuol bang tai, duge dicu Khicn bai PLC 3 dinh hirdng bang mach
d€ robot ¢d the nhat duge. Robot 7 chuyén hdng mach (i bang tai lén ban
gd hidn 0. Ciac dau noi duoe chua trong chao quay 4. Cang nho sy dicu
Khien cua PLC 3, cde dau nor duoe tiach rieng va dinh hudng ¢ dau ra cua
chao. Robot 1 nhat dau noi. dat vao dung vi tri quy dinh tren bing co s¢
da dat truoc 1én ban gd hin. Mo han thiée, ¢é bo phan on nhiét o dong.
han chide ddu noi vao bing mach.
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Hinh 7. 11: Sordo t¢"bao san xudat e dong hod théne thie
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Giai doan 2: (xem so do logic trén hinh 7.12). Robot chuyén bang
mach da dugc han dau noi tir ga han 6 1én ban cua thiét bi thir 10. Qua trinh
thir dugc diéu khién bang may tinh 11. Két qua thir (16t hay hong) duoc
chuyén dén robot. Tuy theo két qua nhan ducc, robot sé chuyén san pham
161 bang tdi twong tng. Trong truong hop nay. robot khong chi lam nhi¢m
vu van chuyén ma con giit vai tro diéu khién trung tam. Céc bo diéu khién
khdc khong lién hé truc ti€p v6i nhau ma qua bo diéu khién ctia robot.

Nidn tin higu ) i
“cd bang mach " Gu fin hidu d.d"
weLe 1dy bang mach
1d) T8 kidm tra
Chuyén (& bang
Nhdn bdng 4di “sdn phdm
mach i (1 e (3
Gulf tin hidu
'da liy bang Chuyén toh bang
mach” tdi PLE tal “sin phdm
hang” (&)
23t bing mact
vdo ga idp tai (3 Nét qua “wot™?
»-—'—"-'-_-_---‘
NAAn tin hidu Kidm tra
oo déu Rl — xong ?
trPLE
Khew' déng
Nnan.ddu ndi thist by
ey —_— Kkidm fra

G tig hidu
44 lay dav
ndi” e PLC

B¢ dd ndl tén
bang mach tal (3) ,-

/ .
Mhidt o OK7?

N

Chuyén bang
mach tdf thist
b ki tra (¥}

_ Ha md han
va nhd kep

Ndng me han
vt cher

~ Khat ddng co cdv
. kep va cho,

Hinh 7. 12: S do logic hoat dong cua robot



Toan bo chu trinh gom 6 budc:

1. Robor chd tin hi¢u tir PLC, bdo bang mach da sdn sang trén bang gd
cua bang tal. Néu ¢o tin hiéu thi robot nhac bang mach lén. bao cho PLC
biét va dat bang mach lén gd han.

2. Lap lai cong vi¢e nhu budce 1, nhung véi don tugng 1a dau nédi.

3. Néu bo diéu khién han KHONG béo hiéu "nhiét do OK” thi robot
ch& cho mo han duge dot néng. Néu ¢6 tin hiéu "nhiét do OK" thi robot
tac dong len co céu kep cua mdy han, Nua gidy sau (cho kep xong). robot
tac dong lén co cdu nang cho moé han (¢6 thice) tiép xiic vdi cac chan cia
dau ndi. Chd 3 giay cho qua trinh han hoan thanh, robot diéu khién cic co
cau ha mo han, thdo kcp. chuvén bang mach sang thict bi thir.

4. Robot phit tin hi¢u, bdo cho thiét bi thir bi¢t di ¢6 bang mach va
cho két qua.

5. Robot "doc" két qua thir. Néeu "ON" thi chuyén bang mach sang bang
tai cia san pham t6t. Néu "OFF" thi chuyén sang phia san pham hong.

6. Robot bao cho thiét bi thu biét 1a bang mach da duge 1ay di.

o 7.2.4.2. Té bao sdn xuat linh hoat

D& ¢6 thé nhan biet dai tuong gia cong va o quyét dinh giai phap cong
nghe tuong tng, so véi t¢ bao tir dong hda thong thudng vira mo ta & phan
trén, FMC trén hinh 7.13 ¢6 thém cdc bd phan sau: thiét bt doc ma vach 1
dé nhan bict ddi wong gia cong: bo diéu khién chung 2 ciia t&€ bio dé phai
hop cdc thiél bi: cac chao quay 4 chira 1an 1on tat ca cic loai dau néi. So
véi hé TOH thong thudug, qua trinh lam viéc ca né ¢6 cic dac diém sau:

I. T€ bao ¢6 thé nhan mét s6 bang mach khéc nhau. Cdc bang mach
duge dua vao ur bang tai mot cdch ngau nhién. Thiét bi doc ma vach ¢6
nhiém vu "nhan dang" loai bang mach. N6 s& bao cho bo diéu khién trung
tam bi¢t mi cua bang mach. Bo diéu khién trung tam sé yéu cau cic bo
diéu khién khdc thuc hi¢n cdc chuong trinh tuong ting. Do d6...

2. Ddu néi dugc chon chinh xac tir chido tuong tng dé han,

3. Mo han duoc dura ddng vi tri cta dau noi trén bang mach,

4. My tinh diéu khién tram thir theo ding chuong trinh kiém tra phi
hop timg bang mach.

¢ FMC ¢4 thé noi ghép va lam viéc trong FMS, bd diéu khién t¢ bao
cin duge noi véi bo dicu khieén he thong (goi 1a Plant Controller). Khi
do, loai bang mach ¢o thé do plant controller chi dinh nén khong cian ¢6
thi¢t bi doc il vach trén cac té bio nia.
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Hinh 7. 13: So do thiét bi trong 1€ bao sdn xudt linh hoat

7.3. PHUONG PHAP TINH TOAN KINH TE KHI SUDUNG RBCN
7.3.1. Xac dinh nhu cau sir dung robot
S6 lugng robot phuc vu cho mot hé théng san xuat phu thudc sé thiét
bi céong nghé chinh ma ching phuc vu. Vi vay, truéc hét phai tinh so
luong thiét bi cong nghé chinh dé hoan thanh nhiém vu san xuat.
SG thiét bi kiéu r dugc tinh theo cong thitc sau: '
STV,
f=/

e - (7.1)
60F,

0
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trong dé:

T - (ha gian dé hoan thanh moi san pham thu 7 tren nhom tuet bi
(ph):

N - 80 luong <an pham thit 7 can duge hoan (hanh trong § nam;

1= 50 Joat ~in phiam dwgic hoan thanh trén nhém thiét bi kiéu /-

F\- qu¥ than gian hoat dong cda nhdm thiét by thi r trong 1 nam (ai16).

Khi tinh s6 luong robot phuc vu cho timg nhém mady, can tinh dén kha
nang phuc vu nhi¢u may va mot robot ¢6 thé phuc vu nhiéu loai mdy khdc
nhau. Didu kicn dé mar robot ¢6 thé phuc vu nhiéu may 13 su trong w vé kélt
cau, tinh chat vat ly cua cac chi 1ét dé khong phai thay thé thict bi kep trong
qua trinh hoat dong. Mat khdc. thai gian timg chiéc khong duge qua nho. vi
duT, 223 pi.Vai cac didu kién dé. sé lugng robot can thiét dé phuc vu céc
nhorm thict b adc dinh [

R=-—— (7.2)

trong dé

S- 80 thiét bi cong nghé can duge phuc vu;

k,,- hé sa phuc vu nhiéu mdy cda robot, khéng nén chon qua 4.
7.3.2. Tinh toan hiéu qua Kkinh té khi sir dung RBCN

Hi¢u qua kinh (& cua viéc trang bi robot duge tinh nhu moi truong hop
dau tu co ban.

Chi ticu kinh 1€ quan trong nhat & hidu qud kinh 6" quy doi:

! Ie Ha

H:C,,-(':(O',,Jré)—(GwL-TE) (7.3}
rong do:
H-hiéu gua kinh t& hing nam nhg trang bi robot;
(. C,- chi phi quy dét khi st dung va khong st dung robot:
G. G,- tong chi phi thudng xuyén dé san xuat luong san pham hang
nam khi str dung va khong sir dung robot:
K. K- dau tu co ban khi sir dung va khong sir dung robot;

T - thoi han thu héi vén tiéu chuan (nam).
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Ve staung tobot ¢ co et quaoneu Mo
Chi tiéu kinh 1¢ tha hai la ther han thae hoi vor dan e, Vice xac Ciole
né xuat phdt v dicy kidn, tong tét hiem do cram ¢t phi san suat tong T
aam phat ian hon hoidc bang van dao (v thea do trang bi robot:
(G, -GiT - A - K,
T didy 1a it ra dicu kien de trang bi rebot ia
K- A

r<rl = i
(r (2



Chuong 8
TAY MAY C8 KET CAU BONG HOC SONG SONG

Cic chuong trude mdi dé cap dén cac tay mdy ¢6 két cau dong hoc ndi

tep (1t day s& goi tat 1a ray mdy noi 1iép). Con mot loal fay mdy nida trong
nhimg nim gan day dia duge dng dung ngay cang nhiéu trong cong
nghi¢p va nghién cdu khoa hoc. Do 14 tay mdy 6 kér cdu dong hoc song
song, s& duge gol 1at 1a 1ay may song song. Dé giiip ban doc ¢6 cdi nhin
toan dién han vé robor. dong thoi ¢d cd s tim hicu k§ hon vé cic loal
mady c6 két ciu dong hoc song song, trong 46 -cd tay mdy song song.
ching toi xin bo sung chuong “Tay nidy 6 két cdu dong hoc song song”
trong an tdi ban ndy. Tudng tu nhuw vdi tay mdy ndi 11ép, chuong niy s€
dé cap dén van dé phan tich vi tri va quy dao cua tay mdy, dong hoc va
dong lue hoc tay may c6 két cau song song, nhung ngin gon hon.

§8.1. KHAI NIEM VA PHAN LOAI TAY MAY SONG SONG

8.1.1. Khai niém vé tay mdy song song

Truge khi néu dinh nghia vé két cau dong hoc ndi 1ép va song song,
can nhac tai mot vai khai ni¢m:

Chuéi dong hoc (Kinematic Chain) 1la mot cum lap, gom cdc khau
{Link), duoc lién k&t véi nhau thong qua cac khép (Joint).

Tuy theo cdch lién két giffa cde khau ma ngudi ta phan biét chudi dong
hoc kin (Closed-Loop Chain) va chudi dong hoc hd (Opened-Loop
Chainj.

Chudi dong hoc kin la chudi dong hoc. trong d6 moi khau {non luon
dicore lién két voi it nhar 2 khau khde.

Chudi dong hoc ho khang thod man diéu kién trén, nghia 1a ¢4 ir nhdr
mot khau chi dicoc lién két vor | khau khdc.

Nhu thay trén hinh 8.1, co cau 4 khau ¢6 dang chudi dong hoc kin, con
tay may bén canh cé dang chudi dong hoc hd. Trong chudi dong hoc kin.
hinh thanh céc vong (Loop). Ngudi ta da chiing minh, gita s6 vong doc
lap L. s6 khau »n va s0 khdp j co quan hé sau:

L=j-n+] (8. 1)
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vi > f =Dof + AL (8.2)

trong do

£ - s0 khdp c6 i kha nang chuyén dong. Vi du, khdp cau ¢é 3 kha nang
chuyén dong.

Dof - 86 bic tu do cua co cau.

A - thong s6 dong hoc cua co cdu, gia tri cia nd dac trung cho khong
gian hoat dong. Véi ¢o ciu phang. A = 3. co cau khong gian c6 A = 6.

Hinh 8. 1: Chudi dong hoc kin va chudi déng hoc ho

Vi du, véi co ciu 4 khau trong hinh 8.1, ap dung cong thic (8.1) cho
$0 vong doc lap:
L=j-n+l=4-4+1=1.

Co cau ¢6 4 khép tru, mdi khép cé 1 kha nang chuyén dong (quay
quanh truc). S6 bic tu do cta khau 1a Dof=], 1a khau phang nén A=3.
Theo (8.2), ta ¢6

dxl=]+3x]=4,

Thay (8.1) vao (8.2) ta duoc mot cong thire rat thuan tién dé tinh 0
bac ur do Dof clia co cdu khi biét cdu triic dong hoc cua né:
qu:l(j'—-—;1+l)+z_]’] -/, (8.3
trong d6, f, 14 s& chuvén déng tring gitta 2 khép ké nhau. Vi dy, gitra 2
khép cau, khép cdu va khép (ru, khép cdu va khdp phang c6 | chuyén
dong tring, gitra 2 khép phing 6 3 chuyén dong trung.
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Céc tay mdy noi tiép ma chung ta da nghién ciu tur trude ¢6 dac diem
chung la két cau cua ching ¢ dang chudi dong hoc ha, Tav mudy song
song ¢o6 két cau chuoi dong lioc Kin.

Trong hinh 8.2 la dang két cau dién hinh cla rav mdy song song, mot
Hexapod™. MOt tay mdy song song thudng gom gid co dinh (hay dé)
(Fixed Base), tdm chuyén dong (Moving Plarform). Hai tam nay duoc noi
vdi nhau bang cac chin (Limb hodc Leg). Chan 26m 2 éng long nhau
hinh thanh khép trugt. Thuong thi s6 chan bang s6 bac tu do cua co ciau
nén moi chan duoc dan dong nho mot dong co doc 1ap va duge giam sat
vi tri nho cdc Sensor vi tri, thuong 1a cic Encoder. Cic co ciu truyén

dong thuong dugc dat trén hoac gan gia co dinh.

Bong m'f"

chng lac

Chan
1am / Fam
cd dinh chivén dong,

Hinh 8. 2 Co cau dong hoc song song

Nam 1962, khi Gough va Whitehall thiét k& ra thiét bi tha l6p van
nang ¢o 6 chan, duoce coi la nam ra doi cua tay may song song. Tiép dé.
nam 1965 Stewart thiét k& ra gid mé phong médy bay va cho dén nay cic
tay may song song dang nay van dugc goi la Stewart Platform. Nam 1983

"' Hexapod nghia la 6 chan.
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Hunt bat dau nghién ctru mot cach ¢6 hé thong két cidu dong hoc cua tay
may song song., Tu do, viéc nghién clru co cau dong hoc song song dugc
xtc tién manh mé hon: Fichter (1986), Griffis va Duffy (1989), Parenti
Castelli (1990), Clearly va Arai (1991), Zhang va Song (1994). Thang 4
nam 2000, mot hoi thao da duge to chife tai trudng Chemnitz, Cong hoa
lién bang Duc vai chu d¢ Working Accuracy of Parallel Kinematics (Do
chinh xdc lam viée cua co cau dong hoc song song), trong do nhiéu van
dé lién quan dén cau trdc, diéu khién cdc robot v may cong cu co két
cau dong hoc song song da duoc trinh bay.

Vi cic chan it chiu tai trong uén va tai duoc phan bé cho nhiéu chén
nén co cau dong hoc song song ¢6 do cimg vimg co hoc rat cao, kha nang
tai lon, do chinh xdc cao, qudn tinh nho. Nhuoc diém chinh cua chiing la
viing cong tac nho, khé thiét ké ca phan co khi 1an phan diéu khién,

Do ¢6 cdc wu diém noi bat vé do cimg vilg va do chinh xac lam viéc
cao. cac co cau dong hoc song song duge tng dung trong nhiéu linh virc
khac nhau, trong do chu yéu la trong nganh k¥ thuat robot va nganh may
cong cu. Trong hinh 8.3 1a mot robot song song dung trong y hoc, dang
lay mau xuong chan cia bénh nhan.

Hinh 8. 3: Robot song song dung trong y hoc
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8.1.2. Phan loai tay mady song song

Mot tay may song song duoc goi 1a déi xiing néu két ciu cua né thoa
man dong thoi cdc diéu kién sau:

- §& chan bing s6 bac tr do cia tdm chuyén dong.

- Loai va 8 lugng khép duge phan bo trén cdc chan 12 nhu nhau.

- S6 lugng va vi tri cua cdc khdp chi dong trén cdc chan lia nhu nhau.

Néu ¢é it nhat mot dieu kien khong duoce thod man thi tay mdy song
song duoc goi la khong doi ximg. Chuong nay chi dé cap dén tay may
song song dol xieng, trong dé s6 chan m bang 56 bac tu do Dof va bang s6
vong kin L+/ (ké cd vong ngodi).

m=Dof =L+1 (8. 4)

Néu got bac tir do cua moi chan [a C thi tdng s6 bac tr do cia tat ca

cdc chan s& bang $6 bac tu do fcia tat ca cac khdp, nghia la

Se, =%7 (8.5)
k=1 1=l

trong dé m 12 s6 chan, j 12 s6 khép trén tay may.

Thay cong thac (8.2) vao (8.5) va dé y dén (8.4), ta nhan duoc
> C, =(A+1)Dof -4 (8.6)
k=1

Mait khéc, s6 bac tu do clia mdi chan.khong thé I6n hon s6 thong s
chuyén dong va khong thé nhd hon sé bac trr do cha tdm chuyén dong.
nghia la:

A>C, 2Dof (8.7)

Cic biéu thirc (8.6) va (8.7) dugc diing dé phan loai két ciu cia tay
may song song. Tuong tu tay mdy noéi tiép, ngudi ta phan biét 3 loai tay
mady song song. D6 1a (ay may (song song) phdng, cdu va khong gian.

8.1.2.1, Tay mdy song song phdng

Vdi tay mdy phang 3 bac t do, 3 chan, ¢6: m = Dof = 3 va 4 = 3.
Thay ching vao biéu thic (8.6), ta duoc:

C,+C,+C,=4Dof-3=09.
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Theo (8.7), ta lat co

32C, >3,

Tl day, ta thdy mdi chan ¢6 3 bac tu do. Thudng thi moi chan ¢6 2
khau va 3 khép nén mdi khdp chi c6 thé ¢ 1 bac tr do. Néu dung céc
khép quay (R - Revolute) via Khép truot (P - Prismatic) thi ¢6 7 kha nang
bo tri cdc khdp trén moi chan: RRR, RRP. RPR. PRR, RPP, PRP va PPR.

Trén hinh 8.4 |a so dé k&t cdu cla tay mdy song song phing, 3 bac ur
do vdi 3 khép quay (RRR).

by

S

1 -

)‘.\

A
I

i PQ=QR=RP=C
p

Hinh 8. 4.:Tay mdy phang 3 BTD. RRR

8.1.2.2. Tay mady song song cdu

Trén tay mdy cau. quy tich cla cdc diém 1a cdc mat cau dong tam,
trong do6 tam cua cdc mat cdu 1 tdm chung cua co ciu. Tay mdy cau ciing
¢6 thong s6 dong hoc fa 3, vi vay s6 bac v do cua khau ciing la 3. Loai
khdp duy nhat cé the dung o day la khdp quay va cong thic két cdu clia
cic chan 13 RRR. Truc quay cha cic khdp gap nhau tai mot diém. Do
chinh [a tam cula cdc mat cau quy tich (hinh 8.5).
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7 Tam chuydn déng

B.
. B
4 . \6
.
c, 5
3
O )
1 v
A _ ] \
- - - A

C Tam co dnh

A,

Hinh 8. 5: Serdo ket cdu caa tav indy can

8.1.2.3. Tay mady song song khong gian

Tay miy khone gian ¢6 A = A, Thay vio bicu thiic (8 6). 1a ¢6:
S C o =A+WDof /= TDof - 6 18 8)
L

Theo (8 7). ta lai ¢6
62C, >Dof. (8.9

Gt cde phuong trinh (8.8) VA (8.9) v cde gid tri nguyén duong cua
¢ ovan k=17, 2. 3 ta nhan duoge su phan loan ket cau tay mady theo so bac tu
do cua cic khap vaccia cdc chan nhu trong bang 8.1,

Se khau trong mai ¢hian ¢6 thé v v, mién la tong $6 bac fu do cua tat
ca ciac Khdp bang tong 6 hac tu do cua cde chan. So khdp sé 1dn nhit khi
ditng cic khap 1 bic te do. Trén thue & mai chan chi ¢o 2 khau dé noi dé
VoI tam chuyén dong.
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Bang 8.1: Phan loai tay may song song khong gian

T

| Tong s0 bac wr do cua

S6 bac tu do cua

SO béc ur | S6 vong kin | cic kKhop: . .
doliof | .| : cic chan: C,,
oL | L Xs=2C k=123,
{ N [ = A=t _ :
JE | 8 4,4
| .
S S - o 5.3:6.2
3 ! 2 - 15 55,5
VS, SN o 654663
43  » 6.6.5.5: 6.6.6.4
L3 ; 4 ' 29 6.6.6.6.5
6 i 5 i 36 6,6,6,6,6,6

Céc phuong én ¢6 the dé bo trf Khop trén moi chan nhu trong hinh 8.6,
trong do cac phuong dn ¢. /. /1 ¢o | bac wr do trong, phuong dn ¢ ¢o 2 bic

t do trung.

Chan 4 bas W

554

= ] . 1
§ = s?‘ﬁ) ~g
o / T
f""‘;p R r.‘";ljc R{' it o
- &y .
: M o3
b) c) R d)
Chan & bac W du
T = i
;" = -
z = j

8) H

Chan U Lae I G

Gl
R,
oY £
e
L

R e

|

h)

Hinh 8 6 Cac phiemg an c6 thé cuia chan
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Trong s6 cdc phuong an két cau chi ¢co cdc két cau tuong dng véi chi
in dam trong bang 8.1 1a doi ximg. Vi du. tay mdy - mdy phay song song
6 truc do Giddings va Lewis thiét k& nim 1995 ¢d s6 bac ur do cua cic
chan la 6,6,6,6,6,6. Trén dé, moéi chan st dung cdc khdp cacdang - U,
truot - P, cau - S (Universal, Prismutic, Spherical). Khdp trugt & giira
dugc thue hién bang co cdu vit - dai dc. Khi chiéu dai cla cdc chan thay
d6i thi tam chuyén dong mang dao sé& thuc hién chuyén déng cat.

Vi cdc tay mdy song c6 két cau rat da dang trong khi khuon kho clia
tai liéu ¢6 han, ching (01 chon mot loai dién hinh (hinh 8.7) clia tay mdy
song song lam doi neong nghién ciy cho cdce phdn sau: phan rich vi tri,
van roc va dong luc hoe cua tay may song song. D6 la tay may khong
gian, ¢6 6 bac tu do . 6 chan vdi cac khdp cau - truot - cau (6xSPS), goi 1a
Stewart-Gough Platform dé (uu danh nhing nguoi thiét ké ra né. Céc
khop trugt duge thuc hién bai co ciu vit me - dai 6¢ bi hodc xi lanh thuy
luc. Nho su thay doi chiéu dai cac chan ma tam trén di déng. thuc hién
chuyén dong céng tac. Hinh ddng bén ngoai ciing nhu ing dung cla tay
mdy loai nay nhu trong hinh 8.2, Theo cong thic (8.3) va chd y rang két
ciu trén ¢6 6 bac tu do triing thi s6 bac tr do ciia tay mdy la:

Dof = A(j—n+ ])+ZfI ~f,=6(14-18-1)+(6+3x12)-6 = 6.

8.2. PHAN TICH VI TRi CUA TAY MAY SONG SONG

Phan tich vi tri cua phin cong tic nam trong s6 nhimg bai toan co ban
nhit cua dong hoc tay mdy, nhdm gidi quyét van dé 1ink toan va diéu
khien quy dao cong tic. C6 2 loai bai todn phan tich vi tri:

Bai todn thudn cé nhiém vu xdc dinh thé (vi tri v hudng) clia phan
cong tac khi biet gid tr cdc bién khop.

Bii todn ngugc nham xdc dinh gid tri cdc bign khdp dé dam bao quy
luat chuyén dong ctia phin cong tdc.

Dai vai tay mdy noi tiép, bai todn thuan wwong déi don gian, nhung bai
toan ngudc khd phdc tap. Nguoc lai, bai todn ngugce cua tay mdy song
song lai don gian nhung bai todn thuan lai phic tap. Bai todn nguoc ¢6
thé ¢6 nhiéu nghiém, tuy thudc s6 tuong cic bac tu do thira.
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Hinh 8. 7. Tay may khéng gian 6 xSPS (Stewart-Gough Platform)

8.2.1. Mo ta hinh hoc cua tay may

Dé mo ta vi tri cia tam di dong so véi d€ ta gan hé toa do A(x, v, ) 1én
dé€ va hé toa do B(u. v. w) lén tam di dong nhu trong hinh 8.7. Chuyén vi
cua tdm di dong so Voi d€ dugce thay thé bang chuyén vi gita h¢ toa do
B(u, v, w) so vdi hé toa do A(x, y, z) va dugc biéu dién bang vector chuyén
VI p vd ma (ran quay R;. Ky hiéu u, v, w 12 cic vector don vi trong hé toa

do di dong B(u, v, w), ma tran quay R, c6 thé duoc viét nhu sau:

U 1% 3%

1 X A

R/ =lu v, w, (8. 10)
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N 4 . - ~ 3 N N -+ > . R —~ N
Li cac vector don vi, cic phan ir cua ma tran R, phai thoa man dong

thoi cdc diéu kién:

Wit ul = (811
\'f+v_‘2,+\'__: =1 (8. 12)
wl 4w e =1 (8. 13
uv +uyv +uyv ={ (8. 74)
uow +uw ruw, =0 (8.15)
Yoy w4y, =0 (8 16

Ky hiév a, = fu,. «,. a [ va b” = (b, b.. b, |14 cic vector bidu dién
vi tri cta tam khdp cAu A B, (véi 1 = 1, 2,..6) trong h& 10a dd Alx, v, o).
c§ thé viet phuong trinh vector vong kin teong ng véi chan thi i nhu sau:
AB =p+R/P -a &.17)
Chicu dai d, cla chan thit / nhan duoc bang cach nhan vo hudng vector
TE vai chinh no:
d ={p+R/b" —aVip+Rb —a] véii=12..6 (8 18
Khat trien v¢& phai cua bicu thire (8.18). nhan dugc:
d>=p' p+[b"V b 1+aa +2p  [RDP1-2p a - 2[R, "] a
(8. 19)
He 6 phuong trinh dang (8.19) bicu dién the cua tam di dong so vdi dé,
trong d6 A" vi g, 1d céc vector hing, phu thude vio két cau ciia tay méy.
8.2.2. bong hoc nguoc
Poi vadi bi toidn dong hoc nguoc. di biet vector chuyén vi p vi ma tran
quay R, cua he toa do B so v6i hé A, Can phdi tim chi¢u dai cua cdc
chan d (i=12....,6). Don giin chi bang cich 1ay cin bac 2 ca 2 v& cia
phuong trinh (8.19). ta nhan duoc 100 giai:

d =4+\p }_)-—-F BV B 1+ d a +_2p"' [R, b j_— 2pta =2ARP"Y 4
(& 20
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Vi chiéu dai cha chan khong thé am nén ta ldy gia tri duong trong bicu
thue (8.19).

8.2.3. Pong hoc thuan

Trong trudmng hop nay. da biét chicu dai ¢, cGa cdc chan, cdn xac dinh
vector chuyén vi p va ma tran quay R, cua tim di dong so véi tam dé.

Vector chuyén vi p ¢6 3 dai luong vo hudng, con ma tran quay R(': O
9 dai lugng vo hudng cin xac dinh. Nhu vay bdi todn ¢ 12 an. Tuy
nhién, 9 dn twong tng véi R, chiu 6 diéu kién vuong géc, duoc bicu dién
bang cac biéu thic tir (8.11) dén (8.16). Khong lam mat tinh tong quat
cua bai toan, ta dat:

- Goc O cua h¢ toa dd co dinh tai tam khép cau A,

- Goe P cua hé toa do chuyén dong tai tam khdp cau B,.

Khidéa, =a,=a,.=0vab, =b, =h,=0.

Tir d4, phuong trinh (8.20) tré thinh:

dy=p=pl+p+p: (8.21)
Khat 1rién bi¢u thiac (8.20) véi i=2,3,....6 va thay (8.21) vao, nhin
dugc:
b (pu +pu, +puj+b(pv +py. +pry)+b.(pw + pw, + pw.)-
ap-ap-ap.-b(au +au ¥an)-b(uay +ay, +ayv)-
b lay, +amw, +anw)+ k=0 ~roii=23...5. (8.22)

trong d6 k, =(a_ + ai + a,i +b + bf, +b + dﬁ —d’)/2.

trinh 1r (8.11) dén (8.16) 1am thanh hé 12 phuong trinh vé&i 12 an la 3
thanh phén coa vector chuyén vi p va 9 thinh phan clia ma tran quay R, .
Day 1a hé phuong trinh bac hai, ¢6 rit nhiéu nghiém (nhiéu nhat la 2"
nghiém) v rat khé giai bang phuong phédp truyén théng. Biang phuong
phép s, Raghavan (1993) da tim dugc 40 {31 gial khdc nhau cho bai toan
dong hoc thuan cua tay may Stewart-Gough.



8.3. JACOBIAN CUA TAY MAY SONG SONG

Phan phan tich vi (ri méi chi giai quyét van dé vi tri tvong d6i cia
phan cong (dc trong khong gian. Trén thuc t&, trong nhiéu trudng hop. vi
du. khi son, han, gia cong co khi.... cdn yéu cau xdc dinh van ¢ chuyén
dong cua phan cong tic. Tuong tr bai todn vi tri, bai todn van 16¢ cling cd
bal todn thuan (Direct Velocity Problem), trong do bict trude van toc
chuyén dong clia cdc khdp. can xac dinh van (8¢ clia phin cong tac va bai
toan nguagc (Inverse Velocity Problent) dé xéac dinh van toc clia cac khap
nham ddm bao van ¢ (biét trude) cua phin cong tdic.

Trong chuong 2, khai niém Jacobian dd duge dua ra dé biéu dién moi
quan he gita van tdc khdp va van toc ctia phan cong tdc. Mot cdch (ong
quat, Jacobian 13 mot ma tran (Jacobiun Matriv) dung dé chuyén dai van
toc trong khong gian khdp sang van t16c¢ trong khong gian cong tic va
nguge fai. So vai tay may ndéi tiép, bal todn van 10c cua tay may song
song phuac tap hon nhicu do ton tai nhiéu vong dong hoc kin. Nham minh
hoa phuong phap chung dé gidi bai todn van t0¢ cua tay may song song.
phan nay ciling 1dy tay may khong gian 6 bac tu do Kigu Stewart-Gough
tam doi (wong nghién cuu.

Thong s6 dau vao clta bai todn ta vector van td¢ ¢ =[q,,¢.,--q,1 .
con thong so ddu ra 1a vector, duge mé ta boi van 16¢ clia goc P cua hé
toa do di dong va van toc gdc cua tam di dong:

e (8.23)

@,

Ma tran Jacobian ¢é thé duge xdc dinh tlt phuong trinh vector vong kin
cta modi chan, Theo sg do trong hinh 8.7, ta ¢é:

OP+PB, =0A, + A B (8.24)

Pao ham theo thoi gian hai vé cta phuong trinh trén, nhan duoc:

v, @y xb =qo x5 +q,s, (8.25)

trong d6 b, va s, ky hiéu vector PB, vi vector don vi theotrue 4,8
@, 12 van tdc gée cua chan th / so vai he toa do co dich A, P& Khu @,
ching ta nhan vo hudng hai v& cua phuong trinh (8.25; vor 4
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;.rp + (5. X8, )w, =g, (8.26)

Véii = 1,2....,6 nhan dudc 6 phu'(mg trinh dang (8.26) va chiing duoc
chép thanh ma tran dang

./\,\":J‘!(} (8.27)
trong dé
-, T
51 (b1 xsy)
- [ — — ,
s (baxs:y . _ .
J = ' ( _ ) vaJ, =1 (matrandonvi 6 x0).
_'7‘ — —_ N I]\
_-Q f (b() x L 1)) ]

Tir day ta nhan duge thong $6 du ra ciia bai todn thuan:

J |

.,:_(-[:ﬂ(_- (§.28)
A

X

Bo1 véi bai todn ngttge. ta ¢ quan hé nguoc lai:

v

Gg="ti=Jt (8. 29

Yy

J duoce goi la ma tran Jacobian hay don gian 1a Jacobian.

8.4. PHAN TICH TINH VA PO CUNG VONG CUA TAY MAY
SONG SONG

Khi tay mdy [him viée. no tic dung lue hay momen (thuong duac goi
chung 1a hee) vao moi truong. Phan cong tic chinh 1a vat wrong tic gitta
tay mdy véi moi truong. Luc tic dong phat sinb tir ddng co. thong qua cic
khau vd kKhdp chuyén dén phan cong tac. Trong tay mdy ndi 1iép, dudng
fruvén lye 1A mét chudi dong ha. cOn trong tay may song song. luc duge
truyén qua mot k6 nhanh chudi dong song song. Phan tich 1inh 1ay mdy
nham vae dinh hee wic dong lén cde co cdie va trang thai can bang ciia
chiing. Két qua phan tich tinh duoc diing dé ddnh gid tinh on dinh cta cdc
co can kb Jam viee. Mat khdc, gid tri luc va momen tic dong 1én cic
khau, khdp cho phép tinh todn do bén cua cdc khau. tinh odn céc 6 trong
cde khdn, chon doéng co vi tinb todn cdc b truyén. Do tinh phic tap cOa
minh, van dé phan tich finh tay mdy dong hoc song song di dudc nhicu
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nha nghién ctfu quan tam: Bayer (1960). Chace (1962) diing phuong phdp
vector, Yang (1965) dung phuong phip vector va s6 bor bon. Asada va
Slotine (1986), Gossclin (1990). Paul (1981). Tahmasebt va Tsai (1995)
vai phuong phap cong khd di....

Trong muc niy chiing ta s& nghién ctiu phuong phap biéu dién luc tinh
tdc dung 1én tay mdy vi chuyén déi hrc giita cdc hé toa do. Su truyén dan
lyc tr dong cd 1én phin cong tic ciing ¢ thé duoc biéu dién qua ma tran
Jacobian. Su phan tich tinh tay mdy ciing dan dén phan tich do cing
vimg. Quan hé gitta luc tic dung lén phdn cong tdc vén chuyén vi cua néd
dugce bieu dién thong qua ma tran do cimg (Sriffness Marrix).

8.4.1. Phan tich tinh tay may song song

Bai todn phan tich tinh cua tay mdy song song phic tap hon rit nhiéu
s0 vOi tay may ndi ti€p. Phuong phdp thuong dugce diing & day la phuong
phap can bang e va momen hoie phuong phap cong khd di.

8.4.1.1. Phuong phdp cadn bang luc

Cic chan cua tay may song song thuong duge ciu tao bdi 2 khiu.
Chiing lién két vdi cic rim bang cac khdp quay hoic khép cdu. Néu
khang ¢d ngoai fue tic dong thi chiing thudng chi chiu luc kéo hoac nén
doc truc. Vi du, trén tay mdy ki€u Srewart-Gough (hinh 8.7), cic khau chi
chiu luc tic dung di gua tdm 2 khdp cau. Nho phat hién nay ma bai todn
can bang duge don gian hod rit nhiéu.

Sau day. chiing ta dung tay may Srewart-Gough lam vi du phan tich.

Gia slr goc O cua hé toa 36 ¢6 dinh nam tai trong tam cua dé va cdc
truc x, vy nim trong mat phang chia cic tam khdp ciu A, Tuong tu, goc P
ctia hé toa do di ddéng nam tai trong tam cua tam di déng va cic truc u, v
nam trong mat phang chita cdc tam khdp cau B;. Hon nita, gia thiét bo qua
trong lugng cua cdc khau, Chiing ta cin tim luc phét dong tai cdce chan f,,

Luc va momen tat cdc khép trugt duge coi la ndi luc. Do 2 dau dung
khdp cau nén khong ¢6 momen nao duge truyén qua cic chan. Mat khic,
phan luc tai cac khép cau phai hudng theo duong A,B, néi tam cdc khap.
Vi vay luc do chan thi i (i=1,2,....6) tdc dung 1én tdm di dong cé the duoc
viét nhu sau:
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fo=1x Vil =1.2...,6 (&)
trong d9 f 1a cuong do cua e, s, 1a vector don vi hudng tir tam khép
ciu trén d€ 13t tam khép cau trén tam di dono.
Vay phuong trinh can bang lyc tdc dung 1¢n tim di dong dugc viét nhu
sau:

6 -
F=Y 715 (8. 21

trong dd. v€ phai 1a 16ng cdc Ly do cie chan tdc dong. con v& trdi
lue do tai trong tac dong vao tam di dong.

Tuong 1. phuong trinh ¢an biang momen auanh tam P do cic luc gay
nen:

M= 1h s, (8. 32)

trong d6 b, = PB. la canh tay dou. nzhia [a vector di tic tam P dé&n

diém dat luc. Mdi phuong trinh (8.31) va (8.32) biéu thi hé 6 phuong
trinh tuyén (inh. Co the viét gop chiing dudi dang ma tran nhu sau:

/]
7 . . PO
F s s s | f 8 13)
-’Lij b xsi b XS .., /)(‘XAS‘(\J :
L]

Phurong trinh (8.33) bi¢u dién su chuyén doi giita cde luc phat dong va
Jue duge hinh thanh tai dau ra cia tam di dong. trong dé b, v s, Ia céc
vector di biét tir ket qua phan tich dong hoc tay mdy. Néu bict cdce luc
phat déng £, thi ¢6 thé xdc dinh luc vi momen 16ng hop £ via M (bai toan
thuan) va nguoc lai, néu biél fuc vi momen yéu cau tai diwu ra thi ¢6 thé
tinh cdc lue phiat dong can thigt (bai todn nguac).

8.4.1.2. Phuong phdp céng kha di

Nhur da biét, ¢o 2 loai khdp: khap chi dong (¢6 lyc phat dong) va khop
bi dong (khong cé luc phat déng). Néu gid thi¢t bo qua ma sit tai cdc
khap va trong hire thi phan luc tai cdc khdp bi dong sé gay nén cong kha
di. Ky hicu:
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A = [F M]" 1a vector luc va momen do phan cong tac sinh ra;
r=/1,. o t,]" 12 vector cla cdéc momen hoac luc phit dong tai cac
khop: '
¢ = 4. ¢ 4,] 12 vector chuyén vi cta cdc khép chi dong;
X =[x, Syv.... Sy 1a vector chuyén vi cua phan cong tac.
Nhu vay, cong giy nén bdi tat ca cdce luc tdc dung bang:
dy-Alx=0 (8. 34)
Mat khac. giita chuyén vi cia cdc khdp ¢ va chuyén vi cla phan cong
tic OX ¢6 lien hé véi ma tean Jacobian J nhu sau:
g =Jx (8.35)

trong do J 1a Jacobian da duoc dinh nghia trong cong thie (8.28) va
(8.20).

Thay bic¢u thire (8.33) vao (8.34), nhan duge

(fJ-A)=0 (8. 36)
Vi chuyén vi v khi ¢6 lue tic dong (uon luon khac O nén
7-A =0 (8.37)

Tur dé ta ¢ quan hé
A=Jr (8. 38)
Bicu thite (8.38) cho phép xidc dinh luc trén phian cong tic A khi biét
luc phat dong 7 va quan hé gitta ching duoc biéu dién thong qua ma tran
Jacobian /.
Sau day chiing ta s¢ dap dung phuong phdp phan tich trén cho tay mdy
Steseart-Gough,

Thay ma tran J tir biéu thite (8.27) vao bi¢u thue (8.38) vdi chii y ring
J, = 1.ta nhan dugc:

]
I :s F _ _.S‘|_ ~ 3’:_ ) Sn_ ‘/‘: (839)
M _/n><.s'; b-xsy .. bhaxscl|
S

K&t qua la ta nhan lat duoge bicu thite giong nhur (8.33).
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8.4.2. Do cimg vimg cua tay may song song

Khi chiu lyc tic dong, do bién dang dan hoéi cioa cic khau, khdp ma
phan céng tac cua tay may bi di chuyén khoi vi tri ban diu. Luong
chuyén vi phu thuoc gid tri luc tidc dung va d6 cing vimg chung cta cg
hé. DO cing ving cia tay mdy anh hudng truc tiép dén do chinh xdc dinh
vi cia phan céng tac. Vi vay, trong nhiéu truong hop, do cimg viing cua
tay mdy duge diing nhu mot thong s6 phan héi ctia bo diét khién robor.
Do cimg vimg chung cla robor phu thudc nhiéu yéu t6, nhu kich thuge va
vt lic¢u cua cic khau. co cdu truyén dan co khi va bd diéu khién. Trén cic
robot ¢é cac khau dai, manh nhu robot dung trong vii tru, thuong céc
khau 14 nguyén nhan chinh gay nén chuyén vi. Nguoc lai. trén cic robot
cong nghiép. cic khau thudng rit ciing vimg nén nguén gdc bién dang lai
nim O phan truyén din co khi va chdp hanh.

Van dé do cling vilng cha tay mdy song song ciing thu hit nhiéu nha
nghién ciu, nhu Gosselin (1990), Kerr (1989), Lebret va cong su (1993),
Tahmasebi va Tsai (1995). Xuat phdt tir thuc (&, gia thiét ring cac khau 1a
ctmg vimg tuyét déi vii ngudn gay chuyén vi 13 hé truyén dong co khi va
he thong servo.

Ky hic¢u:

r=/1, 0, ... 7,) 1a vector momen va lirc phat dong tai cécl‘kh(’rp.
Aq = [Aq,. Ag.. ... Aq.] 1 vector chuyén vi ctia cdc khdp,
AX = [Av. Av.... Aw/ la vector chuyén vi ctia phan céng tac.

Giita luc phit dong rvit chuyén vi Ag clia cac khdp ¢6 thé xac 1ap mai
quan hé thong qua ma tran chéo n x n dang y = diagfk,. &,. ... k] nhu
sau:

T= xAq (8.1)

Mat khdc, giita bién dang Ag cia cic khdp va chuyén vi AX cua phan
cong tic c6 moi quan hé:

Ag = JAX (8.2)
trong do6, J 1a ma tran Jacobian.

Thay biéu thic (8.41) vio (8.40) roi thay két qua vao (8.38) ta nhan
duoe:
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A = KAX (8.3)
trong do K ducc goi |a ma trdn do ciing cia tay may song song:
K =1yl (8. 4)
Bicu thifc (8.42) ¢6 dang gidng nhu quan hé thong thudng gida luc tdc
dung lén co cdu va bicn dang dan hoi cua co ciu d6. Ma tran do ctng 1a
ma tran doi xiog, duong v phu thuoe két ¢du coa tay may. Hon nita, néu

cdc chan 1a giong nhau va do cing cila cdc chan 1a k,=k, =...= k =k thi
ma tran A9 cdng cua tay mdy trd thanh:
K=1"FI'] (8.5).

Doi véi truong hop tay mdy Stewart-Gough, néu bict do cing k ctia
cac chan, thong qua ma tran Jacobian (8.27) ta dé dang xdc dinh ma (ran
d6 cung K cua co cau.

8.5. DPONG LUC HOC CUA TAY MAY SONG SONG

Viéc xdy dung cic mo hinh dong luc hoc va tinh toan dong luc hoc tay
mdy ngay cang déng vai trd quan trong trong nghién cttu ching. C6 thé
ké ra day nhing ¢ng dung ciia cic mo hinh dong luc hoc, nhu:

- M6 phong dong luc hoc cic co ciu cia tay mdy. Nho cdc phan mém
phéan (ich vd mo phong dong luc hoc ¢6 thé kiém nghiém phan ting cia co
cau trong nhimg diéu kién khic nhau ma khong céan thiét bi thic. Hién
nay co6 rat nhiéu phin mém kiéu nhu viay, nhu ADAMS, ALASKA. Mot
xu huéng ddng chi y I cic chic niang phan tich va mo phong dong luc
hoc co cau duogc tich hop trong métr trudng CAD (Computer-Aided
Design - Thidt k6" ¢ trg gitip ctia mdy tinh) dé k€ thira kha nang mo hinh
hod hinh hoc va kha nang biéu dién d6 hoa manh cta CAD. Hang loat cic
phan mém tich hop nhu vay dang dugc sir dung phé bién, vi du:

Motion Designer, MSC Visual Nastran 1a cic phidn mém phan tich
dong luc hoc, duoe viét dé chay trong cdc moy trudng CAD khéac nhau
nhu Awtodesk Mechanical Desktop, Autodesk Inventor, SolidWork).

CATIA, Pro/Eingineer 1a céc phin mém tich hgp CAD/CAM/CAE.

- Bé thiét k& he diéu khién robot: xay dung luat diéu khién dam baio
cho robot lam viéc theo chifc nang, quy dao, van toc, luc,... quy dinh.
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- Cung cap s6 liéu d¢ tinh 104n cdc co cfu, nhu tinh d6 bén va do 6n
dinh ctia cdc khau, tinh 6. tinh dong co va truyén dong ca khi.

Co 2 loai bai toan dong luc hoc:

- Bai 10dn thuan, trong dé biét trude Iuc va momen phit dong tai cédc
khdp. phai tinh luc vaA momen trén phdn cong tac. .

- Bai todn nguge, phai xdc dinh e va momen can cung cdp cho cic
khdp dé dat momen va luc cho trudc tai ddu ra (phin cong tic).

Tuong tu nhur phan tich dong hoc va phan tich tinh. bai todn nguoc cia
dong hoc tay may song song don gian hon nhiéu so vdi bas todan thuin,
Ciing do tinh phitc tap ctia bail todn thuan ma né it duoc gidi thiéu trong
cac 1ai lieu pho thong mh chi ¢6 bai toan nguoce chia dong luc hoc tay may
song song dugce gidi thiéu.

Trong khi déng hoc tay may song song duoc nghién cttu khd manh mé
trong vii thiap ky qua thi cdc cong trinh nghién ciu dong luc hoc mdi chi
dugc cong ba han ché. Céc phuong phap kinh dién da duge itng dung nhu
phuong phdp Newton-Euler: Do vd Yang (1988), Tsai va Kohli (1990),
Guglielmentti va Longchamp (1994). phuong phiap Lagrange: Lebret
(1993). Miller va Clavel (1992), Pang va Shahingpoor (1994); phuong
phédp cong kha di: Codourey va Burdet (1997), Miller (1995), Tsai (1998).
Phuong phip Newton-Euler doi héi viét phuong trinh chuyén dong cho
tat ca cic khau nén dan dén 6 luong phuong trinh kha [6n. Phuong phap
Lagrange dat hi¢u qud cao hon nhung ciing chi ¢6 thé giai dudc véi cic
mo6 hinh don gian hodc don gian héa, vi dy, coi méi chan la moét chat
diém c6 khai luong tap trung. Phuong phip cong kha di hién dang to ra la
hiéu qua nhat {7]. D¢ ddp Ung yéu cau ung dung thuc t€ trong diéu kién
khuon khé ¢6 han cla tai licu, ching 161 chi gidi thiéu hai phuong phdp
hay dung hon. D6 1a phuong phdp céng kha di va phuong phdp Lagrange.

8.5.1. Phuong phap cong kha di

Vai moi mé hinh tay may song song, ching ta sa dung cac ky hiéu
sau:

f - Iuc 1ong hop (ké cé luc phdt dong) dat tai trong tam cda khau thi i.
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f,.* - luc quén tinh dat tai trong tam ctia khau thiti: f = -m,v, .
fi- i+ 1
/., - luc 16ng hop dat tai trong tam ciia tAm di dong.

£, - luc quan tinh dat tai trong 1Am cla tdm di dong: f, =-m v .

fp ) fp + fl:

n, - momen tong hop (k€ cd momen phédt dong) tai trong tam cha khau
tha 1.

n - momen quin tinh dat tai trong tam cha khav thit i
n =-I'e - x(Iw).

A-n +n _

n - momen téng hop dat tai trong tam cta tim di dong.

n; - momen quidn tinh dat tai trong tam cba tdm di dong.
no=-1 o -0,x(I ).

n-n,+n

g- vector do dai cla chan chl dong, y=/d,. d,. ... d,] .

X,- vector 6 thanh phan mo ta vi tri va hudng cua khau tha /.

X, - vector 6 thanh phan mo-td van toc dai va van toc goc cuia xilanh
(j=1) hoac piston (j=2) cua chan thir/i. x = [vm S o U ]T‘

- vector 6 thanh phan mé 4 vi tri va hudng cia tdm di dong.

X - vector 6 thanh phan mo 4'van (Gc dai va van toc goc cua tam di
d()ng '%;» - [vl‘-\' + vm' + ",,; ]r ’

7- vector momen v/ hoac tuc phat dong,

&.)- chuyén vi kha di cta (.).

D¢ thuan tién. ky hiéu luc xoin if‘/ 12 t6ng hop xoan (fuc vd moment

tac dung va quan tinh) dat tai trong tam coa khau thir j:
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F {f} (8.6)
nl

Tuong tu, ky hi¢u lue xoan F, |a tong hop luc xoan tic dung va quin

tinh dat tai trong tam cia tdm di dong:

3 H )
n,

Nhu vity cong kha di cua tay may song song bang:
STr+ & F + > &F =0 (8. 8)
Chuyén vi &g cta cac khdp chi dong c6 quan hé véi chuyén vi cia tam
di dong ox, thong qua ma ftran Jacobian J, cla tay may:
oy = J,ox, ((8.9)
Tuong tu, chuyén vi dx, cla khau thif i c6 quan hé véi chuyén vi ciia
1dm di dong &x, thong qua ma tran Jacobian J, clia khau thi i:

oy, = J,ox, (8. 10)
Thay (8.48) va (8.49) vao (8.47), nhan duoc
X (J e+ F 4 Y FY=0 (8. 11

Bicu thifc (8.50) c6 gia tri vi moi chuyén vi kha di dx,. Tir d6
Jlr+F +Y JIE =0 " (8.12)

Chi ¥ rang cdc lyc xodn trong cong thie trén duge gia thiét 13 dat tai
trong tam cla cdc khau, Vi vdy, néu ¢6 luc ndo dat ngoai cdc diém trén
thi can duge quy vé d6 trude khi thay vio cong thic.

NOGi chung, trén cdc tay mdy song song, sd khép chii dong bing s6 bac
tur do cua co cau nén vector luc phat dong r duge xdc dinh nhu sau:

r=-J7(F +3JF) (8. 13)

Sau day, tav mdy Stewart-Gough dudge dung dé minh hoa phuong phap.
So dé tinh todn nhy trong hinh 8.1, Trong so d6 nay, gdc O cua hé toa do
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tinh dwgc dat tal toa do trong tam cua dé&, con géc P cia hé toa do di dong
dugc dat tai trong tam cua 1dm di dong. Chan thd 7 duge dai dién boi
vector . Gan vao mo6i chan mot hé toa 46 C(x,. v, 7,), trong dé goc triing
voi tam khép cau A; truc z; hudng theo dudng A B,; truc v, song song voi
vector tich ¢6 hudng cua cic vector don vi hudng theo true -, va 3 truc x,
duge xdc dinh tir y, va z, theo quy tac ban tay phat.

Hinh 8. 1: Sor do tinh todn dong liee hoc ray may Sewart-Gough

Thu tuc tinh todn qua cac budc sau:
8.5.1.1. Xdc dinh cdac ma tran Jacobian

D¢ xic dinh ma tran Jacobian cta tay mady, ta viét phuang trinh van
toc v, cOa tam khdp cau trén tam di dong nhu sau:
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v, =V, b, xb =J, X (8. 14)

trong doé

[1 00 0 b -bh

J.=10 1 0 -5, 0 b, (8. 15)
00 1 b -b O
Chuyén v,, trong bicu thic (8.53) dén hé toa do trén chén thi /:
{J;}_‘
v, =JL%, =T, (8.16)
L

trong d6 J, = R, J, 1a ma tran 3x6 véi cic hang nhu sau:
g = [(.‘(é‘ 0 spcl —sO —b. sgcO —b, 50 b.chc +b s6 —
h gl +b spcb ]
Ji =58 cg O -b.cd —-b.sp b +bcd]
']llw: = [C¢- 3 (). S¢I 2 ()‘ C(): B bl.‘ S ¢‘ ) 61 o bi\ (,‘Q[ buc¢:‘g6: + b,_\_CBI -
b,cgs0, +b, 5956 | (8.17)
Sir dung cidc ma tran hang o trén, c6 thé xdc dinh dugc van tdc clia cc
chan nhu sau:
dl = J:‘lu:xp (8 18)
Viét phuong trinh (8.57) 6 1an cho céc chan, dugc 6 phuong trinh vo
hudng va gop ching thanh ma tran dudi dang:

g=J,x, (8. 19)
trong d6 J, duoc goi 1a mu trdn Jucobian cua tay mdy:
A]:‘]7]: |
JI,:'»_
‘]” = o (X 2())
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Dé xay dung cac phuong trinh dong luc hoc cho cdc chén, ching ta
xay dung so d6 tinh nhv trong hinh 8.2, trong d6 méi chan duoc tich
thanh 2 khau 13 xilanh (khau 1) va piston (khau 2).

Hinh 8. 2: Su do dong lee hoc cna chin

Ky hiéu ¢, 1a khoang cich gitta A, va toa do trong tdm cua xilanh thi i,
¢, la khoang cich gilra B, va toa do trong tam cia piston thit i, Van téc
cta diém B, so vGi (oa do trong tam clia chan thy i ¢6 thé dugc tinh tir van
toc géc o, cua no:

v, = d‘ml' X +c}',s, (8.21)
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Tir day fa tinh duoe van 16e goc cha chan thi ;.

.

!

'.l-:l
. { . . ;
0 =—(§ XV, )=—1 v ’ (8.2
d d |

|
|
Lo

Tuong tu. ta tinh duoc van 1oc dai cua toa do trong tam cua silanh va
piston nhu sau:

]
: . ; L)ll : )
VO XS] -—‘ v (8 2514
[é
10
I (f e W ]
, , : I o
Vo=l —eemt s o vd sy = - (d - e, (804
- ' Ll / o
L t \_“ JI

Chuyén vé khong gian cona tic, cic bicu hife (8 61, (8 602) vi (S 6

co Jdang:

i
;!
R = AR
0
R
( O '/. i ! \ N \/>}
o i
o
E {of t )./ :
b
v = !{‘/. -_L")'/.- . ((\)_)7J
| .
S
Fong hap e phuong trinh (8.04), (8,631 va (8.06) ta nhin duoc:
¥ o= X (828
Noo= oy (& 20

trong do
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J{) - Ix6 (8‘ 3())
(]l - flm

J;)I.\'
|0

Ity

(d —e);,
(d —e, )J,';“_
dJ,
—J,.
S

0

J., = (8.31)

Py §

-

Ix6

13 cdc ma trgn Jacobian cua xilanh va piston thi trén chan thit /.

8.5.1.2. Xdc dinh cdc luc xodn

Gia thi¢t luc duy nhit tic dung lén tay may la trong luc, vector tong
hop ctia cic lyc xoan quén tinh va luc xoan tac dung tai trong am cia gid
co dinh bang:

= = (8.32)

. 7, m,g—m,v,
r - R X1 _ A
7 o, -o,x(1 0,)

I‘
R AFRpB s . a —
trong dé 1/\' = RB’]I,RA 12 momen gudn tinh cda tdm di dong quanh
trong 1am cia né va duoc tinh theo tam dé.
Tuong tu, vector 1éng cic ngoat luc va lyc quén tinh tai trong tam cla
xilanh va piston, tinh thco hé toa dé trén chan:
A‘, i .
f| mhR‘ng_mlivh

el o)< 9
| | Lo - x| o))

1

. F m., R g — . v, 1 )
| :i( S | (8. 34)
L= /Lo —w <y w)
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Chd ¥ riang, do tinh doi xing nén cdc ma trin qudn tinh cha tim di
dong va 6 chan déu la cdc ma tran dudng chéo.

8.5.1.3. Phuong trinh chuyén dong
Dén day, ching ta di cé thé dp dung nguyén 1y cong kha di dé¢ xay

dung cdc phuong trinh chuyén dong. Phuong trinh (8.51) ¢6 thé durge viét
lai nhu sau:

N A a . A . A
J,',2'+F’,+Z[(J]',)' F'+(J))) Fl1=0 (8 35)
1=l
Chi y rang trong phuong irinh (8.74), 13‘,) duoc tinh trong hé ¢6 dinh
A, con I}k: va 13'3'; dugc lay theo chan thit / sau d6 chuyén sang hé ¢ dinh
nhd cdc ma tran Jacobian cua cac khau. Tuong tu, cic momen phit dong
r dugc xdc dinh frong khong gian khdp sau dé mdi chuyén sang hé co
dinh nhd ma tran Jacobian cua tay may,
Thay ciac phuong trinh (8.69) va (8.70) vio (8.74) va don gian, nhan
duoc: -
JIc+EN+F +JTF +JTF, =0 (8. 36)
trong dé
’VJILI\
J’?‘ (8.37)
_J:(\.\'_
_J/:!_l'
J:

h2y

J‘ —_ ) (8 38)

Jh

hay
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Iy

e, /;lx_'—(d\—c:)f_‘h'{_ﬁ +ﬁ)||

d,
. "|./;:\+(‘{:_‘J:).f;:. +ﬁl:. + A,
A —_ . : YT
]\ 01: ((\ J9)
Ul-/‘lh\ + ((/'- - (,_‘ )./‘I_'(\\ + ﬁ!(\\ + ;7:0\

d

[

i ~ -, . .
e, +(d, =e NV o o bny Fa W

d
. c|./\|:\ +(‘/) _(")/.2:. +’A71:\ +’A7::-
/‘I = . (8. 4th
é)|>/;(51 i (({h - e: );/_\/\\ + ’:"h + ’3_‘/\\
d, |

I

./u_-
F. =7 (8 41

LS

wong dé, f. . f,. va f  lacic thanh phian x.ovoz oo f1 v i

i .

A

7, va n,_)acdc thanh phan v v, - cta 77’

i

Tir phrong trinh (8.75) ¢6 th¢ tinh duge lue phdat dong dé nhan duge
dac tinh chuyén dong can thict, vi du. biang phuong phip loar tric Gauss,

Diung phuong phdp cong kha di ¢6 thé oai trlr duge cdce luc via momen
lien két. Vi vay phuong phip ndy hi¢u gqua hon phuong phap Newton-
Euler va phuong phap Lagrange.

8.5.2. Phuong phap Lagrange

Trong chuong 3, ching ta da ¢o dip tim hiéu ¢ ting dung cua phuong
phdp Lagrange trong tinh toin dong luc hoc tay may noi ticp. Trong muc
nay, ching ta s& tng dung phuong phip ndy dé¢ gidi bai todn dong lue hoc

r

Y
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tav may song song. Tuy nhién. do tinh phic tup cua loai tay mdy nay,
ching ta chi dé cap dén bai todn nguwe. Vi du minh hoa cho phuong phap
Ja tay may 3 bac tu do do trudng dai hoc Maryland thict ké (tir day s€ goi
la tay may Maryland),

8.5.2.1. Co so cua phuong phap

Phuong phip Lagrange dua trén su can bang nang lugng caa hé théng
trong trang thdi chuyén dong. Trong qui trinh lam viéc, nang lugng cua
hé thong gom: dong nang. thé ning va nang luong cia ngoai luc tic dung
phai can bang. Hon nira, trong tay may song song cling (0n tai cic toa do
thira, nghta la s0 toa d6 n 1dn hon s6 bac tu do coa co cdu. Vi nhimg yéu
16 trén, phuong trinh Lagrange ¢é dang:

d ¢L oL ol

(---)———=0 +V\‘/?., —L wgij=1=+n (8.42)
dar oq, g, oz ' og,

trong do

L = T-U - haim Lagrange. T - 16ng doéng nang, U - téng thé nang

cha he

¢ =14, ¢~ ... q,] - vector cac toa do t8ng quat

O =10, O...0,)] - vector cic ngoai luc tic dung lén tim di
dong

1 - ham lien K&t 1thir i

k - x6 ham licn Két, bang hiéu gitta s& tog do n v s6 bac wr do cla
Ccarcau

/. - nhan wr Lagrange.

D¢ thudn tién cho qud trinh giat. ¢dc phuong triinh trong hé (8.81) duge
chia thanh 2 nhom. Nhom tha nhat chita cdce an [a cdc nhan tr Lagrange.
Nhom thit hai chita cac an fa cic tue tong quat do cdc ¢o cau phat dong
sinfi ra. Gia thict 4 phuong trinh dau lien quan dén cée a do thira va -k
phuong trinh con lai lién quan dén cic bién khop. Nhém phuong trinh
dau ¢6 dang:

o d oL

£a70

al -
oq.  dr oq, g,

-0, (8 43)
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A

trong d6. O - luc tong quit sinh ra bdi cic ngoai luc (néu c6).

D6i véi bai todn nguoc, Q. da biét, nén vé phai ciia he (8.82) da biet.
Hé nay ¢6 k phuong trinh véi £ an la cac nhan tir Lagrange A,. Sau khi da
biét cdc nhan ti Lagrange, cdc luc phat dong duoc xdc dinh nhd nhém
phuong trinh thi hai:

d oL oL & ., ¢ar
Ql i

= —(— —— > A, —~ vdij=k+l=+n (8. 44)
dr ¢q, dq, 5 0Og

/

8.5.2.2. Ung dung cho tay mdy Maryland:

Tay mdy Maryland cé dang nhu trong hinh 8.3. Tay mdy nay cé 3
chan giong nhau dé noi d€ véi tdm di dong. Mdi chan ¢6 phéin trén va
phian dudi. Phan chan trén duge hinh thanh boi co cdu binh hanh 4 khau.
Giffa cdc phan cua chan va 2 tam duodc ndi v6i nhau bing cdc khdp quay
A, Bvi C véi cic truc song song. Dudng tam cua cic khdp B va C gap va
vuong goc vai true déi xing caa binh hanh. Co cau ¢6 3 khdp chu dong Ja
cdc khdp quay gén vdi € 6,,, 6,, va 6,

Hinh 8. 3: S0 dé chung (1rdt) va kich thude chdn (phdi) cia tay mdy
Marviand
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Vét k€t cu nhur trén, tay mday Maryland ¢é 17 khau va 21 khép. S6
bac fr do chung bang:

Dof =An—j—-D+) f =6([7-2]-D+2]1==9.

Tuy nhién. do cach b6 trf cac khau va khdp ma nhiéu lién két trong cic
khop 1a tring (thira), cudi cung co ciu ¢ 3 bac tu do tinh tién. Cic chan
khong thé quay quanh truc = va céc truc x,. Tam di dong khong thé quay
quanh ma chi ¢cé thé chuyén dong tinh tién theo 3 phuong x, y, =. Tay mdy
Marvland dugce diing 1am thiét bi tro 3-D.

Phuong trinh (8.81) dai dién cho hé 6 phuong trinh cd 6 dn: 3 an li cic
nhan ti Lagrange: A, (i = [, 2, 3) va 3 an 12 céc luc phat dong O vdi j = 4,
5.6). Chi § rang cic luc Q, v6i j =1, 2, 3 1a 3 thanh phén x. v,  cla ngoai
luc tdc dong tai trong tam P cia tam di dong. C6 thé nhan duoc cdc ham
fién ket 7, vai chid ¥ rang khoang cich gitta cdc khép B, va C, diing bang
chiéu dai phin trén b cua chan:

)

[ =BC -b'=0
hay
U =(p, +hed, —reg —acdc,) +(p, +hsg, —rsd, —asd,cB,) +
(p.~asg,)y —-b" =0 voii=l, 2,3 (8. 45)

Dé don gidn, gia thiét trong tam cta than chan trén nam o trén truc doi
xting va chinh gitra 2 dau B, C. Ching ta s&€ xay dung ham Lagrange nhur
sau:

Tong dong nang cua tay may bing

T=T+3A(T, +T,) (8.46)
-/

ar
trong dé, T, - dong nang clia tam di dong: 7, - rotor dong co va khau
phiit dong vi T,, - dong ning cl 2 phin cita chan thy i
!
-

7= 3”7,.(Pf + ]+ b2

] 1 > ]
T‘u' = :—;(]m + }mua. )9/.1
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! . ] L as
T, = L (pi+p +p)+ —’m,\a'();

trong doom o, va my- lan luat o Khor Juong coa tam di dong. khau
phat dong vi cua 2 phan chan; /.. - momen quan tinh hudng truc cla rotot
oan trén moi chan.,

G thict wia 8¢ trong truang hudng theo true -2, Tuong ta nhu trén,
the niing cua tay mdy dot vdi mat phiing co dinh v-v biing:

i
D=0 v, U (8.47;
trong Jda.
U s p
U =-m g asl,
LT LR, :

Lo =mu (p 4l

Thay cac bicu thic (3.85) va (8.R6) vui 1=1. 2, 3 vao hiun Lagrange. ta

nhan duoc:

| Ca
L= Ll -3 WPt Pl p gy

g o WO r a5 05 -~ 3Im)g p -

(S | —

N 1 YRS S LR BN SN P (8 48)

Favc b ham hinn Logrange twiong fng voi 6 toa dO tong qudt. ta nhan
i
0 ~
ool ; . f
(b fmap =)
dtoor .
/ " -
o . AL
L )=m 3’)2:.\ 22 '
o1 o ’ (_7/)\
1 A} -~
d L .. CL
==y ={m = 3mp, - == __(mr +3m,)e
oroop. ' ap.
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d oL ] oL !
(—‘—): . H—m, a’ +m,a’ 2] ,——=—(—m +m acl

9 ( 3 ) I8 (’3)9” (2 u b)g( H)

d DL I . NG/ I

= ma e ma ), == ac,

dr(N) y=(1, + 3L Tma )8, 50, (2mu+mb)g4a0(,_)

d oL ! . « o oL 1

c_a’r_(("'é,\-) =(/, + }mua' +ma ), 79_,, —(2 m, +m)g acB,)

Lay dao hiun riéng cua ham lién két 7 theo cic toa dd tdng quat, ta
duoc:

'1]"

S Np +hegp -reg —acgch)) voii =123
p,

28 o

i__ =2(p, +hsg —rsd —asg.ch,) voi i =1,2,3
P,

T

= p.-as0,) voi i=12,3

ap.

-~

ol
- = 7”(/’ C¢, + P, 5¢; - F).S‘el, —p:C(g”)

o,
cr
— =) var [ =23
co,,
T
S=0 vhii= 13
8.,
20N
({). -= 2 p g+ p s +h—risO,—p.co,.)
0.
T
o2y var = 1.2
I (),_,
2
i ) =200p e, +p s +h—r)b, ~-p.cl,)
et ' ) )

Thav tat ca cdc dao ham trén vao phuong trinh (8.82) va (8.83), ta
nhan duoc h¢ phuong trinh dong hee hoc.

Vorj=/.2 3taco:
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3

22/1,.(px +heg. —reg —acgct ))=(m,+3m)p —f, (849
=/
3

221,(pv +hsp, —rs¢ —asgcl, )y=(m, +3m)p, - [, (850

3
2Y A(p,—as6,)=(m, +3m)p, +(m +3m)g, —f,. (851

=1
trong d6 f,, f,.. f,. 1a cdc thanh phén x, y. z cia ngoai luc dat 1én tdm di
dong.
Véij=4,5,6taco:

T, =0, +%a2 +m,,a2)9-” +(;—'mu +m,)g, ach,, —

2aA,[(p.cd + p,sd +h-r)sb,, — p.cO,] (8.52)
.=, +%a2 +m,a*)d, +(%ma +m,)g . acl,, —

2ad,[(p,cp, + p,sp, + h—r)s8, — p,c6,,] (8.53)
ry,=(, Jr%a2 +m,a’)f,, + (%m“ +m,)g.ach, -

2aA,[(p.co, + pl‘,sqi3 +h=-r)s6,, - p.cO,] (8.54)

Céc phuong trinh (8.88) dén (8.90) hinh thanh hé phuong trinh dé xic
dinh cdc nhan tr Lagrange. Sau khi dd xdc dinh duge chiing, ta giai hé
phuong trinh (8.91) dén (8.93) dé x4c dinh cic luc phat dong. Hai nhém
phuong trinh nay ciing dugc dung dé digu khién robot theo thai gian thuc.
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Phu luc
HE THONG DIEU KHIEN TUYEN TiNH

Trong mét s6 chuong cua tai liéu nay cé dé cap dén cédc hé thong dicu
khién cua robot, trong d6 chil yéu 1a cac hé thong diéu khién tuyén tinh
6 phan hoi. DE tao thuan lgi cho ban doc khi nghién citu cdc chuong trén
chiing t6i s& nhac lai mot $6 van dé 1y thuyét lien quan, Cac noi dung s&
dugc trinh bay theo trinh tu thiét 1ap hé théng: tr mé td (m6 hinh hod)
qud trinh, dén lap so dd va thict 1ap ham truyén, phép bién déi Laplace,
tac dong diéu khién. cuéi ciing 1a phan tich va danh gid hé théng.

P1. XAY DUNG MO HINH HE THONG

Hau hé( cic hién tugng, qua trinh thuc duoc mo td thong qua cac dai
luong vat 1y véi dac diém chung la firong ne va lién e, Mac du diéu
khién s6 phat trién rat nhanh, trén phan 16n cdc thi€t bi cong nghiép hién
nay van dung cac h¢ diéu khién trén co s& cac dat lugng vat 1y va ching
cling mang tén la cdc hé diéu khién niong tw. Hon nira, trong diéu khién
6 ngudi ta ciing ké thira nhiéu khai niém va luat cda k§ thuat diéu khién
tuong tu, chua ké dén nhiéu hé thong lai gifra s6 va nong .

Cac he diéu khién tuyén (inh diuge mé td bang cdc phuong trinh vi
phéan bac nhat. Uu diém co ban cla cdc phuong trinh vi phan dang tuyén
tinh 1a dé giai hon rat nhiéu so v6i dang phi tuyén, nén mac du rat it cic
qua trinh thuc ¢ tuan theo quy luat tuyén tinh, nguoi ta van cd ging
chuyén ching vé dang tuyén tinh. va vi vay |y thuyétl diéu kKhién (uyén
tinh dugc img dung phd bién.

Budc dau tién trong nghién ciftu qué trinh 1a xay dung m6 hinh toan
hoc cua nd, nghia 1a md ta nd bing cdc phuong trinh hoac hé¢ phuong
trinh. trong truong hop nay 1a cac phuong trinh vi phan bac nhat. Sau diy
la hai vi du vé md hinh vat 1y don gian.

C6 hé thong thuy lue nhu trong hinh P1, gom:

- Bé chita ¢6 €1 dien A khong déi va chiéu cao muc nude k;

- Van t6c nude chay vao bé 1a x,, chay ra khoi be 1A x, (fit/ph);

Qua trinh cap va xa nuée duge biéu dién boi phuong trinh vi phan sau:

dh

(P1)
dt

X —x,=4
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P1.1. Mo ta he thong thuy tuc

Van toc nude chay ra - I\

ey s , v X
khoi bé x, duge han ché :
bang van ¢ sitc can R theo ; A v Z
quan hé: i je— —  *
h h —
R=-— hay x,=—
2 R Hinh P 1: Hé thong thuy luce
Thay vao biéu thic (P 1), ta ¢6
h / Th
L R T Sy (P2)
- R di di

(P 2) la phuong trinh vi phan bac nhat véi bién doc lap /i, con x, 1a
tham s6 ddu vado véi quy luat bicn thién ¢é thé khic nhau. vi du dang
hang s6 hoac hinh sin (hinh -P2).

£

5 |

t \ t

|

Hinh P 2:Viduveé quy ludt bién thien theo thor gion cua dai hione vaeo

i

Nghi¢m tong quit ctia phuong (rinh trén ¢6 dang
h=0C,e” +RX, (rs)
trong do. 7= AR duge goi 1a hang «o thai gian.
V1 tai thai diém ban dau 7 = 0 ¢6 h = (), nén
0=C,l)+ KX,—> C, = -RX,
va ta ¢ nghi¢m cudi cting

h=RX(]-¢") (P-4
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Hang so RX, xdc

dinh gfa tri on dinh ma

it dat duge sau thosi grlan - —
du Ion. Hang so thoi | ST
gian 7 cang Ion thi he S
thong cang lau dat té

trang thai on dinh. V¢

v

mit var ly. ching ta
thav b cang rong (A
Iy va sie can cua van Iiinh P 3: Phan llf”j,’ cid /l(? fh(},”g Khi (.l(/ll
cang cao (R 1ém) th ¢ hiong vao la hang s¢
cang fan.
P1.2. Mo ta he thong dao dong ¢6 hre can
Trén hinh P42 «o do hé dao dong. gém khoi luong tap trung M. 10
x0 té d¢ cung K| viv giam chan ¢é hé «6 K, Néu tic dong mot luc K v vio
dau (o xo thi khoi lugng M s& dao dong vaéi bién do v. Phuong trinh vi
phan mo ta dao dong ¢d dang
d v /

ATAEIN SRL S & (P S)
! (!

Trong phuong  trinh
trén. v la dai luong vao, v

la dai luong ra bicu hien

phan dne cua he trude su

thav dei cua i

Phuong  trinh  dac

Hinh P H:Sodo hé dao dong gom khot

(rimge cua (P 5) ¢ dang:

My + Ko+ K =0

Tiome - 10 xe - elam chdn

trong dé. s 1 todan i vi phan.

Phuong trinh dac tung ¢o 2 nghiem i
~K, ~K;-4MK,
B A (o)

Tu$ theo cic tham o M, K. K, c6 the <ay ra 4 nang thii sau cia he:
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P1.2.1. Dao dong khong c6 cdn
Néu hé khong ¢é giam chan (hay h¢ s6 can K, = () thi phuong trinh
dac trung trd thanh
Ms+K =0

va ¢6 2 nghiém ao la

Nghiém cia phuong trinh vi phan (P 5) ¢6 dang ham tuan hoan khong
tat
y=C,sino,t+C,cosw,t + X (P7)

o : K o ex
vOi tan 56 dao dong riéng w,, = ﬁs va duoc biéu dién trong hinh P 5. a.

P1.2.2. Dao dong ¢6 can voi hé s6 can bé hon hé so can gioi han
Khi cé phan tr giam chan, phuong (rinh dac trung ¢6 nghiém:
S, =—at jo,
trong do
Ky JAMK  — K
M 2M

Dai lugng o, 1a tan s6 dao dong riéng cua hé cé giam chan. Phuong

trinh dao dong c6 dang:
v=e “(C,sinwg+C,cosm, 1)+ X (P8)
D6 1a phuong trinh dao dong tat dan. nhar biéu dién trong hinh P 5, b.
P1.2.3. Dao dong c6 cdn v6i hé s6 cdn bang hé s6 can gioi han
b6 1a trirdong hop dac biét cua dao dong c¢é can, khi K{‘; =4MK ..

Phuong trinh dac trung ¢é nghi¢m kép:

-K
8§y = 4+ ()
c2M
va nghi¢m cua phuong trinh vi phan cé ding
' v=Ce " +Ce™ + X (P9)
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(d)

Hinh P 5: Cdc dang phan img ciia hé dao dong a) khong c6 can, b) ¢6
can, ¢) can o trang thdi téi han, d) cdn qua gioi han.

D6 thi bieu dién phan tng cta hé thoéng ¢é dang nhu hinh P35, c. Nhu
thay trong phuong trinh va trén d6 thi, hé thong uén dén trang thai can
biang ma khong ¢6 dao dong.

P1.2.4. Dao dong c6 can voi hé s6 can lon hon hé so can gioi han

Dang phan ng nay xay ra khi Kj > 4MK , , nghia 1a h¢ s6 can lon

hon gia tri té1 han. Phuong trinh dac trung ¢6 2 nghiém phiic:

S,,=-ath
trong do
a:ﬂ-b=E_4M£-i
oM’ 2M '
Nghiém cua phuong trinh vi phan ¢é dang
y=Ce ™ 4 Ce M X (P 10)

Do thi phan dng ¢6 dang tuong twr nhy trong trudng hop can tdi han
nhung thoi gian dé hé dat dén trang théi can bang dai hon (xem hinh P5. d).

Hai mo hinh gidi thiéu O trén chi 1a cac vi du don gian vé hé théng vat
ly. Viéc giai truc tiép cac phuong trinh vi phan chi ¢6 thé thuc hién duge
véi cdc mo hinh don gian nhu vay. Cic hé thong cong nghiép thuong
dugc 16 hop tir céac hé théng don gian hon hoac cic phdn ni, khau. Dé
dién ta va khao sdt cdc thong s& cua chdng can phai sir dung cac cong cu
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riéng. Phan sau day gidi thi¢u cong cy truyén thong nhung van thong
dung d€ khao sit cdc hé dicu khién.

P2. HAM TRUYEN VA SO bO KHOI

P2.1. Ham truyén

Ham truvén (cua mot he thong hoac cia mot phan ti) duoge dinh nghta
la ty sO gilra thong s6 ra (ourput) va thong <o vao (fupiij .

Ham truyén coa mot phan tr duge xde dinh qua cac bude sau:

. Thict lap phuong trinh vi phan (tuven tmh) mo @ phan tng coa he
thong:

2. Viet phuong trinh vt phan dudi dang hany cta t-wdn e vi phan .
Toan tu s con duge ot 1a bien Laplace.

3. Ham truvén 1a tv o giga thone SO ra vt thong <o vio vin bicn s

Ching ta s€ ap dung thu e tren Vo 2 mo hionh trony e PILL

P2.1.1. Truong hop he thong thuy i

Ta vict L phueong trinh (P 2) v chu y ring /By hium cia thot gian «

cdh

AR—-+ I = Rx,
dt

Chuvén phuong trinh sang dang hinn Laplace:
ARSIy + his) = Reygs) - (ARs + Dty = Ry,(y)
Vay ham truvén cua h¢ thong nhur sau
/2(51 = __R ey
x,(s) ARs+ ]
P2.1.2. Truong hop he thong dao dong
fu phuong (rinh vi phan (P 3)
d v v

M-— +K, -—+Kv=Kx
dt- ot

Chuyen sang ham Laplace

Chinh e hem, Lty 6 aiita Laplace ¢dathone <o ra vor | aplace cua thong
sovvae wii dicu Kien tat ea cac divu hien ban dau banue khong
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)
Hinh P 5: Cdc dang phan wng cia hé dao déng a) khong ¢6 can, b) co
can, c) cdn o wang thai 101 han, dj cdn qud gici han.

P36 thi biéu dién phan tng cla hé thang ¢ dang nhir hinh P53, ¢. Nhu
thdy trong phuong trinh va trén do thi, hé thong tién dén trang théii can
bing ma khong ¢6 dao dong.

P1.2.4. Dao dong c6 can voi hé sé can lon hon hé s6 cdn gioi han

Dang phan (g nay xay ra khi Kj > 4MK |, nghia la h¢ 56 can 16n
hon gia tri téi han. Phuong trinh dac trung cé 2 nghiém phuc:

S,=-azxbh
trong do
a:%;b: KdZ—AjMK: |
Nghiém cua phuong trinh vi phan ¢ dang
y=Ce ™ 4 Ce M X (P 10)

P thi phan ing ¢6 dang twong tu nhu trong trudmg hop can 81 han
nhung thii gian dé hé dat dén trang that can bang dai hon (xem hinh P3, d).

Hai mé hinh gidi thiéu & trén chi 1a cdc vi du don gian vé hé thong vat
Iv. Viéc giai truc ti€p cac phuong trinh vi phan chi cé thé thuc hién duge
vdi cac mo hinh don gian nhu vay. Cic hé thong cong nghiép thudng
dugc t6 hop tir cac hé thong don gian hon hoac cic phdn ni, khdu. DE
dién ta va khao sat cdc thong $6 cua chiing can phai sir dung cdc céong cu
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Ms?y(s)+ K sv(s)+ K v(s)= K x(s)

> (Ms® + K, s+ K Jvis)=K x(s)
Cuoi cing, ¢6 ham truyén

yis) _ K, _

x(s) Ms’ + K,s+K,

(P12)

Viéc xdc dinh ham truyén cua hé théng phiic tap hon xdc dinh him
truyén cua ciac phdn tir don €. Trudc khi xdc dinh ham truyén ciia h¢
thong, thudng phéi dua so dé khai vé dang t6i gidn nhd cac quy tic hién
doi niong duong so do khél (Block Diagram Algebra). duoc trinh bay
duéi day.

P2.2. So dé khoi

P2.2.1. Két cdu ciia so do khoi

‘S0 d6 khéi 12 cong cu mo 1a true quan k&t cau caa hé thong (hinh P 6).
N6 gém cédc phan tar co ban sau:

x1(s) R h(s) X+ =x+y 5 + =%y X X
ARs+ 1 v+ i g - i P ‘
(a) (b) (¢) (d)

Hinh P 6: Cdc phan ni co ban cta so dé khoi

- Khéi (block) thudmg 13 hinh ch@r nhat. trong cé ghi ham truyén dé
biéu dién mot phan tir cua hé théng.

- Cdc mii tén chi hudng truyén cia cic dai lugng, déng thai cling thé
hi¢n hudng dién ticn clia qud trinh.

- Cac khau cong biéu thi diém cong (irlr) cdc dat lugng. N6 ciing dung
Iam khau so sanh trong so d6 diéu khién c6 phan héi.

- Céc diém ré nhanh biéu thi su 1& nhanh tin hicu. Gi tr cta dai luong
khong thay déi sau khi 1& nhanh.

Tl cdc phén tf trén ching ta ¢6 thé thiét 1ap cic sg d6 khoi.
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Tren hinh P7 14 vi do vé

mot s db khoi. D6 i he  x+ x-Hy y
diéu khién c6 phan hoi véi G

cac thong s0 vao la x, ra la - - j

v. Ham truyén trong nhdnh H

chinh (thuin) 1a G, nghia la:

y=0x Hinh P 7:Vidu vé so do khoi

Tai dau ra ¢6 mot diem ré nhdnh: mot nhanh ra. con ;n{)t nhanh dua vé
mach phan héi. Nhanh phan hdi 1ay tin hi¢u y, qua mét khau chuyén déi
(1 ransducer) ¢6 ham truyén H. Khau cong, bay gid 1a khau so sinh, tao
ra tin hiéu diéu khién x - Hy dé diéu khién qua trinh.

P2.2.2. Bién doi twong duong so d6 khoi

Phép bién doi trong duong so db khéi cho phép xdc dinh ham truyén
cla hé théng phdc tap, vi viy co thé thay thé ca he théng bing mot phin
tir hromg duong. NG dua trén nguyén tic chung cla cic phép tinh dai s
truyén théng. :

Vi mot hé thong don gian, vi du nhur trong hinh P 7. ¢6 thé xdc dinh
truc ti€p ham truyén ciia nd nhir sau.

Tin hiéu diéu khién nhin dugc sau khau cong bang x - Hy. D61 véi
mach chinh, ta ¢6 quan hé

y=G(x-Hy)=Gx -GHy
y(I+GHj=0Gx
Tur day nhan duge ham truyén
L (P13)
x I+GH

D6i v6i mot so dé phitc tap cin 4p dung cdc phép bién doi tuong
duong. C6 5 phép bién déi co ban nhu trong biang P1.

Viéc bién ddi mot so d6 phiic tap thanh so dé don gian vé co ban qua 4
budc sau:

1. Gop nhém cic khéi néi tiép.

2. Gop nhém cdc khdi song song.

3. Chuyén vong diéu khién cd phan héi co ban thanh mét kKhoi.

4. Chuyén cdc khau cong vé phia trudc, cdc diém ré nhdnh vé phia sau.
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Bang P1: Cac quy tic bién doi tuong duong so do khoi

, Phuong pha o .
P 5 p P Sa do ban dau Két gqua Giai thich
bien doi
3 Ham truyén
Gop  nhém (won duy
. - ong
cac khoi noi 1= G HpP| —>GHpP> . E ) )E
bang tich cac
tiep . R
ham truyén
o - Ham truyén
Gop  nhém G : ’
cic khéi son tuong - duang
song r—>»G+HP> | hang 16ng cic
song : . .
L G ham truyén
Thay thé
tuong duong | + c Y
v(‘)n%g dicu ’ . ’ . _____1_‘ |,
khién ¢ phan H I+ GH
hoi
: + +
Chuyén khau |—| G X)> G
cong vé trude | + > 1 /G
Chuyén diém 1
G >

r& nhanh vé

sau

J

P3. BIEN DOl LAPLACE

Phép bi¢n doi Laplace dugc dp dung dé chuyén cdc phuong trinh vi
phan véi bién ¢ thanh phuong trinh dai 6 véi bién s. Nh vy, thay vi phai

giai cic phuong trinh vi phin, chdng ta chi phéi giai phuong trinh dai so.

Bién dai Laplace cua ham ffr} duoc dinh nghia nhu sau:

Fls)= [ f(redr

(P 14)

trong dé s la bién phitc, dang : s = « + jb. F(y) cOn duge goi la ham

anh cua nguyén ham f{1).

15- KRB
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Dé tranh viéc tinh cac tich phan dang (P14), ngudi ta thuong dung
hang bién doi Laplace cua cdc ham co bidn, mot so trong ching duge ké
tron bang P2.

Bang P2: Bién doi Laplace cua mét so ham thong dung

Ham f(1) | Laplace F(s} ﬁ Ham {(1) | Laplace F(s)
! 1 ' s ;
{ - Cosml > 3
5 sTHw”
| / w
ot 3 TR 301701 S s S—
S” i (Sta) +w”
; )
n! s+a
1" | e e “cosmt TS 3
. R (s+a) +w
J | = .
e —— dy/dt sv(s)=y(t=0)
- LSt d .
Ly - Cdy(t=0)
| || S =0)- P
Pl s+ a) dy/de dat
|
Lo w :
LSINUNt T ;
: [ ST to

Vi du: Bicn d6i Laplace him sau, v6i diéu kien ban ddu: y=3 va
dyldt=0 tai 1=0

d

2, 5v=0

dt
Pheo bang P2, ta c6

sy(s) -3+ Svs)=0

(y+5)vs)=23

/
=3

s+5 s+ 5

Vay: yis)=

Lai theo bang P2, ta ¢6 101 giai cba phuong trinh vi phan ban dau:

=51

y=3e



P4. TAC DONG DIEU KHIEN
Trén hinh P7 da dua ra so d6 khoi ctia mot hé diéu khién c6 phan hoi,
trong d6 G 13 ham truyén clia nhdanh (huan. Trong cdc tng dung dién hinh
vé diéu khién qud trinh. thudng nhinh thuan cé 2 khau (xem hinh P3).
Khau thd nhdt duge goi 1a khau diéu khien (Controller Unit), ¢6 ham
truyén 1a C(s). Khau thgd hai ¢6 ham truyén ciia ban than qua uinh. ky
hif_:u la P(s). C(s) phai cé tic dong, sao cho tin hiéu ra cia P(s) co gid i
mong mudn. So sanh cic so do trén hinh P7 va P8, ¢S thé nhan ra quan hé
G(s) = C(s)P(s)
Tic dong cua khau diéu
khién C(s) d€ dat dugc tin  x(s) o) =p(s) yis)
hiéu ra mong muoén duge o) P
goi 1a tdc dong diéu khién
(Control Action). C6 4 kiéu
tdc dong diéu khién co ban,
cé thé duge dung doc lap
hoac két hop véi nhau: Hinh P 8: So d6 khoi diéu khién qud trinit

H(s)

- Diéu khién ty 1€, ky hiéu la P (Proportional Control).

- Diéu khién tich phan, ky hieu 1a 1 (Integral Control).

- Diéu khién vi phan, ky hiéu 1a D (Derivative Control).

- Diéu khién déng md (On/Off Control).

P4.1. Diéu khién ty lé

Trong di¢u khi¢n ty 1¢, tin hiéu ra x, ty 1& véi tin hiéu vao ¢, nghia la:

x, = Ke

trong d6 K la h¢ s6 ty 1é va 1a hang s6. Khi phan tich hé thong, thuong

vi¢t bi¢u thic trén dudi dang ham truyén:
x,(s)
els)

Gi4 tri K duoc goi 1a ty s& truyén clia khau diéu khién. Bién thién cla
tin hiéu diéu khién e (trong mach diéu khién c6 phan héi, d6 Ia sai léch
ma khau so sanh dua ra) va tin hiéu ra x, theo thoi gian dugc biéu dién
trén doé thi, hinh P9, a.

(P15)



s F oY xp
ar o
4
t t
a: Piéu khién ty I¢é (P) b: Diéu khién tich phan (1)
S € =3
4_; ]

—/:\__ ' ™ E
' DD ¢}

| Y

c: Biéu khién vi phdn (D) d: BDicu khién dong mer

Hinh P 9: Cic dang 1dc dong diéu khién
P4.2. Piéu Khién tich phan
Vi tac dong diéu khién nay, tin hiéu ra ty 1& véi tich phan theo thoi
gian cua tin hiéu vao, nghia la:
x,=K Iedz (P 16)
trong d6 K 1a ty s truyén cia khau diéu khién tich phan.
Ham truyén ctia khau ¢6 dang:
X, (s) K ,
=— (P17)
e(s) s
Bien thién theo thoi gian ctta tin hi¢u vao va ra duge biéu dién trén dé
thi hinh P9.b. Néu sai léch e > 0 thi tin hiéu ra x,tang. Néu ¢ = 0 thi x, fa
hing s6. Mudn x, gidm thi e phdi cé gid tri am. Diéu dé dan dén xu

hudng dao dong cua tin hiéu ra.
P4.3. Di¢u khién vi phan
Trong diéu khién vi phan, tin hi¢u ra ty I¢ véi téc do bicn thién cta tin
hicu vio. nghia la:
de

XI_):K—(;; (P/S)

trong dé. K la ty s6 truyén cia khau diéu khién vi phan.
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Ham truyén c6 dang:
?C”I(-S% = Ks (P 19)
e(s)

Su bién thién theo thdi gian cua tin hiéu vio va tin hiéu ra dugc bicu
dién trén hinh P9, ¢. Ta thay, ké ca khi ton tai sai léch ¢ =0 thi tin hiéu ra
cling ¢6 thé biang 0. nghia 1a khong ¢6 phan ¢ng cha hé¢ thong. Do la
nhuge diém cla diéu khién vi phan. Uu diém cda né 1a gidm sai $6 tinh
cua hé thong, nghia 1a moi khi ¢o su bién thién cua tin hi¢u vao thi hé
théng lap uic phin tng dé duy tri su 6n dinh. Thuong khau diéu khién vi
phan duoc dung két hop véi hai kiéu di¢u khién trén.

P4.4. Diéu khién dong md

bicu khién déng md (xem hinh P9, d) 1am viéc trong 2 trang thdi phan
biét: Khi tin hiéu vao nhd hon gia tri dat thi bo diéu khién dong, tin hiéu
ra dat gid tri x,. Khi tin hiéu vao 16n hon gid tri dat thi bo dic¢u khien ngat,
tin hiéu ra bang 0. Thyc t€, hé thong chi phan ing khi sai khdc tri tin hiéu
thuc va gid tri dat dat t6i gid tri nhat dinh, Thong s6 nay dugc dung dé
danh gia do nhay ctia hé diéu khién.

P4.5. Diéu khién két hop

Maéi kiéu diéu khién trinh bay & trén ¢é wu v nhuoc diém riéng. Vi du,
diéu khién tich phan cé kha nang khac phuc nhanh sai léch, nhung khé
khac phuc sai s6 tinh; con diéu khién vi phan pham sai s6 tinh nhé nhung
thoi gian dat (i trang thai 6n dinh thudng dai. D€ dat duoc téc dong diéu
khién nht' v muoén. thudng ngudi ta két hop cdc ki€u diéu khién trén.
Ching ta hay gap cdc phuong an phoi hop sau;

- Diéu khién ty 1¢ - tich phan (P1) gom nhdanh ty 1& vi nhdnh tich phan
song song vdi nhau. Ham truyén cua né ¢6 dang:

X,(8) K

=K, +-% (P 20)
e(s) S

- Diéu khién ty 1& - vi phan (PD) ¢6 ham truyén dang:
xX,(s)

e(s)

=K, +K,s (P21)
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- Diéu khién ty 1& - vi phin - tich phan (PID) ¢6 ham truyén dang:

x (s) K
L =K, + L K s (P22
A

P4.6. Vi du vé tac dong diéu khién
Dé thdy rd vai trd clia tic dong diéu khién, ching ta xét vi du diéu
khién qua trinh sau:
Qua trinh duge dac trung

als) 2ol 8) N
%(5) (S ZpLs) v(s)

N . 35
bot ham truyén -——-: khau | C(s) 5/(s+2)
5+2
phan héi ¢6 ham truyén 0,/; | o3

khau diéu .khién cé him
truyén Cfs). Ham truyén

chung cda hé théng duoc
tinh nhd phép bién dbi
tiong dueng so do khoi:

Ws)_  5C(s)

x(s) s+2+0,5C(s)

Hinh P 10: So do khéi hé didy khién

. , 4
Tin hié¢u vao 1a hang s&: x = 4,0 bién doi Laplace x(s) = —. Xé& C(s)
s

véi cdc kiéu diéu khién khic nhau.
1- Truong hop diéu khién ty lé vdi C(s) = 2,0:
Ham truyén cla hé thong:
vi(s) 52 _ 10
x(s) s+2+052 s+3
10 4 10 40 1333 13,33

s+3:s's+3:s(s+3)_ s s+ 3

y=1333(1-¢")

y(s)=x(s)

Phan ting cua hé thdng c¢é dang nhur hinh P11, a.
2- Truong hop diéu khién tich phdn voi C(s) = 2/s

Ham truyén cta hé thong ¢4 dang:



Yes)__ ssw2 A0 fo0 0
x(y) 1501 10 S(s=2)+ 1 ¢ +26+4 ] (sl
s(s+2)
4 10 40 40 40
yV(s)s — ——— = —

s (s+1)° 3 (S+1)2_~:9—-;+‘l
v=40(1—te —e")

Phan iing cua hé thong ¢d dang nhu hinh P11, b.

(a) (b) (c)

Hinh P 11: Phan img ciia hé théng vdi tac dong diéu khién khdc nhau

3- Truong hop diéu khién vi phdn véi C(s) = 2s:

Ham truyen cia hé théng:

v(s)  10s  5s
x(s) s+2+s s+1
4 Ss 20
V(s)=—.— =
s s+1 s+1
y = 20e '

Phan tng ctia hé thong ¢é dang nhu hinh PJ 1, ¢.

Ta thiy phan (mg cta hé¢ thong trong cdc truong hop la rat khiac nhau.
Khi diéu khién ty 1&, he théng nhanh chéng dat trang thdi xdc lap, bang
13.33. Khi diéu khién tich phan, gid tri xdc lap bang 40, dat dugc cham
hon. Trong ca 2 trudng hop, gia tri xdc 1ap phu thudc ty s6 truyén K cla
khau diéu khién. Khi diéu khién vi phan, gid tri xac 1ap bang 0 va khong
phu thuéc vao K.

b
Pe)
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P5. PHAN TICH HE THONG

Mot hé thong diéu khién muén duge 4p dung trong thuc t€ phai dat
nhing chi tiéu ky thuat nhat dinh. Phan tich hé thong ¢6 nhiém vu dinh
gid cic chi tiéu k¥ thuat cia hé thong dé xdc dinh xem né ¢ dat véu cau
str dung hay khong.

Dé dinh gid mat hé thong di¢u khién, ngudi ta dua vao 3 yéu (o cd
ban, 1a tinh o6n dinh (stability), trang that xdc lap (steady-state
performance) va trang thai qua do (transient performance). Néi chung,
tinh 6n dinh ddnh gia hé¢ théng ¢6 lam viéc duge hay khong con hai yéu
td sau néi lén pham chat cla he thong.

P5.1. Tinh én dinh cuia hé thong

Vé ly thuyét. mot he thong duge goi 1a on dinh néu phan ing dau ra
khong tién t6i vo han khi gid tri tin hiéu vao duge gidi han. Trén thyc t&
phan itng dau ra khong dugc vuot qud mot gid tri cho phép. Ching ta
nhan biét mét hé thong én dinh néu su bigén dong clia tin hiéu ra gidm din
theo thoi gian khi tin hi¢u vao 12 hang s6.

Vi du, hé thong dugce bicudién boi phuong trinh

yv=C-C,e” (P23)
khoéng 6n dinh do thianh phan thit hai (hAm md) tién 16i am vo tan.

Hé thong véi phuong trinh:

ar

y=C—-e"(C,sinwt+C,cosar) (P 24)

ciing khong on dinh, vi tin hi¢u ra dao dong dudi tac dong cua ham sin
va ham cosin, nhung bién do dao déng tién té1 vo tan do tic dong cua
ham mi c6 hé s6 duong.

Pé du bao vé tinh on dinh, ta khdo sat k§ hon cdc trudng hgp trén.

Phuong trinh (P 23) dugc suy tir nghiém s = +a ctia phuong trinh dac
trung: ‘

s-a=10
Phuong trinh (P 24) duge suy tir 2 nghiém phic:

s=a-jo vas=a+ jo



cua phuong trinh dac trung:

s? —Zas+(a)2 +a’)=0
hay: (s—a+ joj(s-—a—-jw)=0

R& rang, nguyén nhan gay nén su mat on dinh clia h¢ théng thit nhat 13
nghiém thire, dwong ciia phuong trinh dac trung, con cha he thong thi hai
12 phan thiye duong clia cdc nghiém phiic. Tir d6 ¢6 thé rit ra két luan sau;

Diéu ki¢n can va di dé€ mot hé tuyén tinh 6n dinh la tat ca cic nghiém
cua phuong trinh dac trung phai ¢ phan thuc am.

bicu dé ¢ nghia 13, di chi mot trong s6 cac nghiém ¢é phéan thuc
duong (k€ ca nghiém thuc dwong) thi he thong s& khong 6n dinh.

Tur day cing cé the gia dinh vé hé c¢é phuong trinh dac trung

s+’ =0

N6 s€ ¢6 2 nghiém ao la s = Zjo. V@i tin hiéu vao hing s6, n6 dan t6i

loi giai:
y=C+C,sinawt+C, cosat

Phuong trinh trén mé ta dao dong vinh ciru xung quanh gid tri y = C.
Chiing ta goi d6 1a trudng hop gidi han ctia su 6n dinh. Néu biéu dién cac
nghiém lén mat phang phic thi ching ta c6 nhan xét, rang diéu kién dé hé
on dinh 1 1dt cd cdc diém biéu dién nghiém phuong trinh ddc trung clia
né déw phdi ndm bén trdi truc do. Truc 4o bay gidy 1A bién gidi on dinh.
Néu lui bién gidi 6n dinh vé phia trdi truc #o mot khoang ¢ nao dé thi ta
cé mot khodng dir 117 6n dinh.

Khao st tinh dn dinh can cu vao nghiém cua phuong trinh dac trung 12
phuong phdp co sd nhung khong phai 14 duy nhat. Cé nhing phuong phap
khéc, mo ta gidn tiép diéu kién 6n dinh duéi dang céc tiéu chudn én dinh.
C6 thé tim hiéu vé chung trong cdc tai liéu 1y thuyét di¢u khién tw dong.

P5.2. Trang thai xac lap

Trang thai xdc lap chinh Ia trang thdi can bing tinh hoac can bang
dong ctia hé thong. Vé 1y thuyét, hé théng duge coi 12 & trang thai xdc lap
khi tin hiéu ra y(z) cha né dat dugec mot cach On dinh gid tri cdn y, (hinh
P12), nghia la:

v, = lim y(t)

{—>m
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Pe xdc dinh gid i y, ¥

ngudi ta dung dinh ly, goi la
dinh ly gia trl cuéi cung: . s

Néu ton tai lim y(t) thi vo
(>

v, =1limy(t)=1limsY(s) 0 ko .
[—>x L s=>f)
trong d6, Y(s) 1a bién doi  [linh P 12: Su d6 xdc dinh cdc thong
Laplace cua y(1). 56 pham chdt ciia hé thong
Trén thue t€, co ton tai mot sai s6

£ = >0

lim y(1) =y,

Sai s6 d6 duoc got 12 sai s6'1inh va 1a mot théng s6 dénh gia pham chat
cia hé théng & trang théi tinh.

P5.3. Trang thai qua do

V& 1y thuyét, trang thdi tinh clia hé théng chi dat duge khi 1 -> 2. Trén
thuc té, trang thdi xac 1ap dugc chdp nhan khi y(z) tién 161 y, voi sai $O
khéng vugt qua mot tri s6 & cho trude, thuong bang 2+5% gia tri y,. Thai
gian d€ he dat trang thai d6 duoc goi /d that gian qud do 1,,. D6 1a mo
thong s6 chat lugng cia hé thong, cang nho cang tot.

Mbt théng s6 nita duoc ding d€ danh gid chat lugng cta hé théng la
gid i viepr o (hinh P12). Thuong phai han ché tri s6 nay trong khoang
30 + 50% gid trj clia y,.
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