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LOY NOI BAU CHO LAN IN THU HAI -

Vao dau thé ky trude, y tudng ddu tién vé robot xudi
hién, thé hign wdc mo chdy bong ciia con nguoi la tao ra
nhitng ngudi mdy dé thay thé minh trong nhitng cong viée
ngng nhoe, nham chdn, nguy hiém. Vao khodng ndm
1940, mau robot dau tién (Master-Slave Manipulators) ra
doi tal phong thi nghiém quée gia Oak Ridge va Argonne
cua My, dé van chuyén cdic hoat chdt phong xa [7]. Dén
thdp ky 80 trén thé gidi da c6 toi 40 nghin robot thude 500
kidu, do 200 hing tham gia sén xudt [2]. Ngay nay robot
da duoc su dung réng rdi trong sdn xudt, nghién ciu
khoa hoc va doi séng. Do la thiét bi khong thé thidu duoce
trén cdc hé thong san xudt, ddc biét la cdc hé théng san
xudt linh hoat. Robot ngay cang khéo léo va théng minh,
dude coi la sdn phdm dién hinh ciia mét nganh ky thudt
mdi: nganh co - dién tw (Mechatronics).

Cho dén nay, hau hét cdc truong dai hoc by thudt § Viét
Nam da dua mén ky thudt robot vao chuong trink chinh
khoa. Mon hoc nay duwde giang day chu yéu cho cde
chuyén nghanh co khi, song cdc khia canh riéng biét cua
no nhw ky thugt diéu khién, lap trinh, mé phong cing
dugc cdc nganh khde rdt quan tam.

Ngay 12-10-2003 dd xay ra mot sy kién, danh ddu méc
phdt trién mdi trong linh vuc nghién citu, dao tao va ing
dung khoa hoc va céng nghé robot tai Viét Nam: Héi Khoa
hoc Céng nghé Robot Viét Nam (Vietnamese Assiciation of
Robotics - VAR) duge thanh lgp. Su ra doi cia Héi phan
dnh nhu cdu cap thiét cia cong nghiép, quéc phong va
cude séng, ddp ing su mong méi-ciia dong ddo cde nha



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

Trong béi canh do, dong thoi theo yéu cdu cia nha xudt
ban Khoa hoc va Ky thudt, ching téi di chinh sia va bo
sung cuén "Ky thudt Robot" dugc xudt ban tai nha xudt
ban Khoa hoc va Ky thudt cach déy vwa dung 1 nam.
Ching t6i tin tudng ring tai liéu sé ddp ung tét hon nhu
cau giang day va hoc tgp moén "Robot cong nghiép” va cdc
mén lién quan nhu "Tu déng héa hé thong san xuat”,
"Cong nghé sdn xudt linh hoat”, "Diéu khién hé thong sdn
xudt nho mdy tinh',..., tai cdc truong dai hoc ky thudt.

Duoc su gop y cia cdc déng nghiép sau lan xudt bdn
tritde, chung t61 tép tuc dinh hudng néi dung chu yéu cua
tai liéu vao lua chon, khai thdc va su dung robot
trong cong nghiép. Ngoai 7 chuong cii da dudc chinh sta
chit it vé ndi dung va trinh bay, ching téi b6 sung thém
chuong 8: "Tay mady cé két cdu déng hoc song song"
dé phan dnh toan dién hon va cdp nhdt nhitng thanh tuu
mdi trong khoa hoc va cong nghé robot. Tong thé tai liéu
hinh thanh 3 mang kién thic chinh:

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

Piéu khién robot (chuong 6), va

ung dung robot (chuong 7).

Tuy nhién, su phin chia nay la tuong doéi, vi khong thé
phan tach rach roi gitta co hoc va két cdu, cd khi va diéu
khién. Chuong 4 duoe hinh thanh nhu cdu néi giita co khi
va diéu khicn. Ngoai ra, phan phu luc duge bién soan dé



ban doc tién 6n lai cde kién thie lién quan vé diéu khién
tuyén tinh, mot vin dé duoe dé cap nhiéu trong tai liéu.
Chuong mdi b6 sung dude dé ¢ cudi tai liéu vi do la phan
kién thite ddc thi, hién nay chua nhdt thiét phai dua vao
chuong trinh dao tao co ban. Trong 7 chuong ddu chi noi
vé robot néi tiép, chi trong chuong cudéi cung mdi can
phén biét robot néi tiép va robot song song.

Nhan lan tdi bdn nay, tde gia xin tran trong cam on
cde gido su, cde nha khoa hoc, cdc dong nghiép, cdc hoi
vien cua Héi Khoa hoc va Céng nghé Robot Viét Nam va
toan thé cde ban doc da nhiét tinh ung hé va gop y cho tai
liéu xudt ban lan dau tién.

Mdc di da duoe chinh tde gia va dong su su dung lam
gido trinh chinh trong dao tao nhiéu khod dai hoc va sau
dai hoc, lai duge kiém tra can than trude moi lan xudt
ban, nhung tai liéu chdc chdn van con thiéu sot. Chiung
toéi chdn thanh mong muén nhan dude va hét sic cam on
moi ¥ kién dong gop tiép tuc cua ban doc.

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



Chuong 1
cAC KHAI NIEM CO BAN VA PHAN LOAI ROBOT

|.1. CAC KHAI NIEM CO BAN VA PJIAN LOAI ROBOT
1.1.1. Robot va Robotics

Tir thisi ¢é xwa, con nguoi dd mong mudn tao ra nhimg vat gidng nhu
minh dé bét chiéng phuc vu cho ban than mich. Vi du, trong kho than
thoai Hy lap ¢6 chuyén ngudi khéng 16 Promethe die ra con ngudi tir dat
sét va truyén cho ho su séng, hodc chaven €n no 1é Talus khdng 16 duge
lam bing déng va dugc giao nhiém vu bao vé hoang dao Crete.

Pén nam 1921, tr "Robot” xudl hién lan dau trong va kich "Kossunt's
Universal Robots” ¢lia nhid viét kich vién tuong ngudi Sec. Karel éapck.
Trong vér kich ndy, 6ng dung tr "Rebor”, bin thé cla it goc Slavo
"Rabota”. d€ goi mot thiét bi - lao cong do con ngudi (nhan vat Rossum)
tao ra.

Vio nhimg nam 40 nha van vién twdng Nea, Issac Asimov, mo (a robot
[h mot chiéc may e dong, mang dien mao cua con ngudi. duoc diéu
khién hang mot hé than kinh kha trinh Positron, do chinh con ngudi 1ap
trinh. Asimov ciing dat tén cho nganh khoa hoc nghién citu vé robot 1a
Robotics, trong dé ¢6 3 nguyén tac cd bin:

I. Robot khong duge xidc pham con ngudi vi khong gy ton hai cho
con nguol.

2. Hoat dong cha robot phat tuan theo cde quy tac do con ngudil dat ra.
Cic quy tic nay khong duge vi pham nguyén tée thit nhdt.

3. Mét robot ¢an phai bao vé sy séng cua minh, nhung khong dugc vi
pham 2 nguyén tic trudc.

Cic nguvén tac trén sau ndy trgy thinh nén tang cho viée thiet k& robot.

Tir su hu cdu cla khoa hoc vién tudng, robot dian dan duge gidi ky
thuat hinh dung nhu nhimg chi¢c mdy ddc biét, duge con ngusi phong 1ac
theo c¢du tao va hoat dong cla chinh minh, ding dé thay th¢ minh trong
mot s6 cong vice xac dinh.

Pé hoan thanh nhiém vu d6, robot can ¢6 kha nang cam nhgdn cic thong
56 trang thai cha moi trudng v ién hinh cde oat ding trong ty con nguoi.



Kha nang hoat dong cua robot duge dam bao boi hié thong co khi, gém
co cdu van dong de di lai va co cdu hanh dong dé ¢é the lam vice. Viée
thict k& va che tao h¢ thang nay thudc linh vie khoa hoe vé ¢o ciu truvén
dong., chap hanh va vat lieu co khi.

Chie nang cdm nhan, gom thu nhan tin hi¢u vé tang thdi méi tritmg
vit trang thai cua ban than hé thong, do cdc cam bién (sensor) v cic thiét
bi lién quan thue hitn. He thong nay duge goi [ he thong thu nhan va xu
Iv tin hi¢u, hay don gian 1a hé théng cam hien.

Mudn phéi hop hoat dong ciia hai hé thong wrén, dam bio cho robot ¢é
th¢ ty diéu chinh "Hanh vi" c¢da minh va hoat dong theo ding chitc nang
quy dinh trong dicu kicn moi truong thav déi, trong robot phai ¢ fié
Hiong diew khicn. Xay dung cae he thong dicu khidn thuge pham vi dien
tw. k¥ thuat dicu khicn va cong ngh¢ thong tin.

Mot cich don gian, Robotics duoc hiéu la mot nganh khoa hoc, ¢o
nhiém vu nghién citu vé thiét ké, ché'tao cdc robot va éng dung chiing
frong cde linh vuc hoat dong khdc nhau cia xd hoi loai nguoi, nhu
nghién citu khoa hoc - ky thudt, kinh 16, quoc phong va déan sinh.

Tir higu bidt so bo vé chie nang va két ¢du cua robot, ching ta hiéu,
Roboiies Ta mot khoa hoce lien nganh, gém co khi, dién ul, ky thuat dicu
khi¢n va cong nghe thong tin. Theo thuat ng(r hién nay, robot la san pham
cua nganh co - dién wr {Mechatronics).

Khia canh nhan van v khia canh khoa hoc - k¥ thuat ctia viée san sinh
ra robot thong nhat & mot diem: thue hién hodi bilo cla con ngudi, 1 tao
ra thict bi thay the minh trong nhitng hoat dong khéng thich hop véi
minh. nhu:

- Cde cong viée lap di lap lai, nham chdn. nang nhoc: van chuyén
nguyen vt licu, lap rdp, lau co nha,...

- Trong moi trusng khic nghidt hodc nguy hiém: nhu ngoal khoang
khong v@i tu, trén chicny truong, dudi nude sau. trong long dat noi ¢6
phong xa. nhiét do cao,...

- Nhimg vice doi hoi do chinh xédc cao. nhu thone tac mach méu hoic
cdc ong dan trong c¢o the, lap rdp ¢dc cau tir trong vi mach....



Linh vyc (ng dung cua robot rit rong va ngay cang duge md rong
thém. Ngay nay. khdi ni¢m ve robot d md rong hon khdi niém nguyén
thuy rat nhi¢u. Sy phong tdc v¢ két cdu, chic nang, ddng vé clia con ngudi
la cin thict phung khéng con ngu tri trong k¥ thuat robot niia. Két cau
cua nhi€u "con” robot khide xa v6i két cau cde bo phan ctia co thé ngudi
vir chiing cling ¢ thé thue hicéa duge nhimg viée vugt xa khda nang cia
COn NYL.

1.1.2, Robot cong nghiép (RBUN)

Mic du. phu dinh nghta chung vé robot da ncu, khong ¢6 @i ¢idi han
pham viting dung cua robot, nhung ¢6 mot thue & 1a hav hét robot hién
dang ¢6 déu duge ding trong cong nghiép. Ching ¢6 dac diém rieng vé
k&t cau. chiic nang. da'duge théng nhat hod, thuong mai hod rong rii. Lop
robot nay ducc goi fa Robor cong nghiép (Indusivial Robor - IR)

Ky thuit tr dong hoa (IO trong cong nghiép dd dat téi trinh do rat
cao; khong chi TOH cde qud trinh vat [y ma ci cdc qud trinh x(t 1¥ thong
tin. Vi vay, TDH trong céng nghiép tich hop cong ngh¢ san xudt. k¥ thuat
dién, dién tir, k¥ thuat diéu khién ty dong trong do ¢6 THH nhé mdy tinh.

Hién nay, trong cong nghiép ton tai 3 dang THII;

- TDH cing (Fixed Automarion) duge hinh thanh dud dang cic thiét
bi hoac day chuyén chuyén mon hod theo déi tuong (san pham). Né duac
ung dung ¢6 hicu qua trong diéu ki¢n san xudt hang khéi véi san luong
rat [6n cde sdn pham ciing loai.

- TDH kha trinh { Programmable Awiomaiion duge dng dung chi yéu
trong san xuat loat nhé, loat vira, ddp dng phan Iém nhu cau san pham
cong nghi¢p. He thong thi¢t bl dang nay 1a céc thiét bi van nang diéu
khicn 56, cho phép d¢ dang 1ap trinh lai d¢ ¢6 1hé thay doi ching loai (tire
la thay doi quy trinh-cong nghé sdn xuat) san pham.

- TDH linh hoat (Flexible Automation) 14 dang phét trién cia TDH kha
trinh. NG tich hop cong ngh¢ san xuat véi k¥ thuat diéu khién biang mdy
tinh. cho phép thay doi doi tugng san xuat ma khong cin (hodc han ché)
su can thi¢p cua con nguai. THI linh hoat duge bicu hién dudi 2 dang: &

" 1o tinh phé dung cta RBCN ma 6 tinh trang déng nhat Robot vai RBCN.
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bao san xuat linh hoat (Flexible Manufacruring Cell - FMC) va hé thong
san xudt linh hoat (Flexible Manufacturing System - FMS).

RBCN ¢ 2 dac trung co ban:

- La thiét bi van nang, duce TOH theo chuong trinh v ¢6 thé lap trinh
lai dé ddp tng mot cich linh hoat, khéo 1éo cic nhiém vy khic nhau.

- Duge ting dung trong nhimg truong hep mang tinh ¢ong nghiép dic
tnmy. nhyu van chuyén va x&p d& nguyén vat licu, lap rép. do ludng, ..

Vi thé hién 2 dac trung co ban trén caa RBCN, hién nay dinh nghia
sau day vé robot céng nghi¢p do Vién nghién ctru robot cia My d¢ xudt
dugce s dung rong rii: _

RBCN ld tay mdy van ndng, hoat dong theo chuong frinh va ¢6 thé Iip
trinh lai dé hoan thanh va ndng cao hién qud hodn thanh cde nhiém v
Khde nhau trong cong nghiép, nhur van chiyén ngiuyén vt lidu, chi 1iél,
dunyg cut hode cde thiét bi chuyén dnng khac.

Ngoii cdc ¢ trén, dinh nghia trong TOCT 25686-85 con bo sung cho
RBCN chic nang diéu khién trong qua trinh san xudt:

RBCN 1a mdy e dong ditoc dat o dinh hay di dong, bao gone thiér by
thiva hanh dang tay mdv ¢6 mor sé” bde nr do houat dong va thiér bi dién
khién theo chuong trinh, o6 thé 1di lap trinh dé hoan thanh cac chite nang
vdn dong va dien khién trong qud trinh san xudt.

Chitc nang vdn dong bao gdm cdc hoat dong "co bap” ahu van chuyén,
dinh huéng, x&p dat. ga kep, lap rép,... doi tugng. Chifc nang diéw khien
dm chi vai trd cia robot nhu mot phuong tién dicu hanh san xuat, nhu
cung cdp dung cu va vat liéu, phan loai va phan phoi san pham, duy tri
nhip san xuit va tham chi ca diéu khién cdc thiét bi lién quan.

Véi dac diém ¢6 the 1ap trinh lai, RBCN la thi€t bi THH khd trinh va
ngay cing trd thanh bé phan khong thé thiéu duge cha cdc & bao hoac hé
théng san xuét linh hoat.

[.2. CAU TRUC CO BAN CUA RBCON

1.2.1. Két cau chung

Mot RBCN duge ¢du thanh bdi cdc hé thong sau (hinh 1.1):



- Tay may (Manipulator) 1a co cau co khi gdm céc khau, khaép. Chang
hinh thinh ednh tay d8 tao cac chuyén dong co ban, ¢d tay tao nén su
khéo 1éo, linh hoat va ban tay (End Effector) dé truc ti¢p hoan thanh cic
thao tdc trén d6i tuong,

{ Phén cong tac _— —
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Bréu khidh 1y don . Diéu ktién bang ta
i J Giao dign - 9 tay

theo cnudng krinh o ‘
i wene J Ngudi - Robot
|

Hink 1.1 S dé khoi ciia RBCN

- Co cdu chdp hanh tao chuyén dong cho cac khau cia tay may,
Nguon dong luc cha cdc co ciu chip hanh 1a dong co cic loai: dién, thuy
luc. khi nén hoac két hop gifta chiing.

- Hé thong cdm bién gém cdc sensor vi thiét bi chuyén déi tin hieu
cin thiét khdc. Céc robot can hé théng sensor trong dé nhan biét trang
thdi ctia bin than cdc co cau cla robot vi cic sensor ngodi dé nhan biét
trang thai ctta moi trudmg.

- Hé thong diéu khién (Controfler) hién nay thudng la mdy tinh dé
gidm sdt va diéu khién hoat déng cta robot.

So d6 két cau chung ciia robot nhir trong hinh 1.2,

" End Effector truc tiép tdc dong lén d6i tuong, ¢6 nghia rong hon Hand (ban
tav), nén s& duge dich 14 phdn cong tdc. :
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Canh tay (arm)
A

Khdp khuyu tay
Bo diéu khién thiy luc (Elbow)

Khdp vai
(Shoulder)

o ) A\
y ’ ‘a j
&Y \
k ’E"’t‘_{i‘;' } Yaw

\ Cé tay
" ‘r. (wrist)
B6 digu khién robot Khép than l

(waist) Pitch

Roil

Hinh 1. 2: So do két cau chung cua RBCN

1.2.2. Két cau cua tay may

Tay mady la phan co sd, quyét dinh kha nang lam viéc cua RBCN. D6 la
thiét bi co khi dam bao cho robot kha nang chuyén dong trong khong gian
va kha nang 1am viéc, nhu nang ha vat, lap rap.... Y tudng ban dau cla viéc
thiét k€ va ché tao tay mdy la phong téc ciu tao va chiic nang cla tay ngudi
(hinh 1.3). V& sau, day khong con la diéu bat budc nita. Tay mdy hién nay
rat da dang va nhiéu loai ¢ dang vé khdc rat xa vdi tay nguoi. Tuy nhién,
trong ky thuat robot nguoi ta van dung cdc thuat ngt quen thuoc, nhu vai
(Shoulder), canh tay (Arm), co tay (Wrist), ban tay (Hand) va cac khop
(Articulations),... dé chi tay may va cac bo phan cua no.

Trong thiét k€ va sir dung tay mdy, ngudi ta quan tam dén cdc thong sO
c6 anh hudng 16n dén kha niang lam viéc ctia ching, nhu:

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

- Tam vé6i hay ving lam viéc: kich thudc va hinh dang vung ma phan
cong tic c6 thé véi 16i; |

- Su khéo Iéo, nghia la kha nang dinh vi va dinh huéng phéan cong téc trong
viing 1am viéc. Thong s6 ndty lién quan dén s6 bac tu do ctia phan cong tac.
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Hinh 1. 3: Su iong e giita tay ngudi va tay mdy

bé dinh vi va dinh huéng phan cong tic mot cach tuy y trong khong
gian 3 chiéu né cin ¢6 6 bac tv do, trong d6 3 bac tu do dé dinh vi, 3 bac
tw do dé dinh huéng. Mot s6 cong viéc, nhu nang ha, xép da,... yéu cau s6
bac tu do it hon 6. Robot han, son thuong ¢6 6 bac tu do. Trong mot s6
truong hop, nhu khi can su khéo 1éo, linh hoat hoac khi can t6i wu hod
quy dao,... nguoi ta cé thé diing robot véi s6 bac tu do 16n hon 6.

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

Tay may kiéu toa do dé cdc (hinh 1.4), con goi la kiéu chit nhat, dung
3 khép truot, cho phép phan cong tic thuc hién mot cach doc lap céc
chuyén dong thang, song song véi 3 truc toa do. Vung lam viéc cta tay
may c¢6 dang hinh hop chit nhat. Do sy don gian vé két cau, tay may kiéu
. nay c¢6 do cing viing cao, do chinh xdc dugc dam biao déng déu trong
toan bo ving lam viéc, nhung it khéo Iéo. Vi vay, tay mdy kiéu dé cac
dugc dung dé van chuyén va lap rdp.

Tay may kiéu toa dé tru (hinh 1.5) khdc véi tay may kiéu dé cic &
khép dau tién: dung khdp quay thay cho khép trugt. Vung lam viéc cta
n6 c6 dang hinh tru rong. Khép trugt nam ngang cho phép tay may "thd"
dugc vao khoang rong nam ngang. Do ciling vimg co hoc cua tay mdy tru



tot, thich hop véi tai nang, nhung dé chinh xdc dinh vi gée trong mat
phang nim ngang giam khi tim véi tang.

Tay mdy kidu toa dé cdu (hinh 1.6) khic kicu tru do khop thit hai
(khép trueot) duge thay bang khop quay., Néu quy dao chuyén dong cila
phan céng tdc duwge mo ti trong toa do cdu thi mdi bac w do tuong Gng
véi mot kha nang chuyén dong va viing 1am viéc cta né 1a khoi ciu réng.
Do ciling vitng cua loal tay mdy nay thap hon 2 loai trén va do chinh xdc
dinh vi phy thudc vao tam vdi. Tuy nhién, loai nay co thé "nhat" dugce ca
vat dudi nén. _

SCARA (hinh 1.7) dugc dé xuat [An ddu vio nam 1979 tai Truong dai
hoc Yamanashi (Nhat ban) dung cho cong viée ldp rép. D6 I mot kiu
tay mdy ¢d ciu tao dac biét. gom 2 khép quay va 1 khdp trugt, nhung ca 3
khép déu c6 truc song song véi ahau. Két cdu nay lam tay méy ciing ving
hon theo phuong thing ditng nhung kém cing viing (Compliance) theo
phuong duge chon {Selective}, la phuong ngang. Loai nay chuyén ding
cho cong viéc lap rdp (Assembiv) v6i tai trong nho, theo phuong thing
ditng. Tir SCARA 1a viét tat cha “Selective Compliance Assembly Kobot
Arm” d€ mo td cdc dic diém trén. Ving lam viéc cha SCARA 1a mot
phén cila hiah tru réng, nhu trong hinh 1.7.

Tay may kiéu tay nguoi (Anthropomorphic), nhu duoc mo 14 trong
hinh 1.8. ¢6 ca 3 khdp déu la cac khdp quay, trong do truc thit nhét vuong
goc vai 2 true Kia. Do su trong tu vé6i tay ngudi, khép thir hai duoce goi 1a
Khop val (Showlder joint), khép thit ba ta khép khuvu (Etbow joint), ndi
cdng tay v6i khuyu tay. V6i ket cdu nay, khong ¢é s tuong ting giita kha
nang chuyén dong clia cdc khau va s6 bac ty do. Tay mdy lam viéc rat
khée I€e, nhung do chinh xic dinh vi phy thude vi tef cha phin cong tée
trong vung lam vi¢c. Vimg lam viéc cua tay mdy kiéu nay gin giong mot
phan khoi cau.

Toan b dang cdc ket cau td & trén méi chi lién quan dén kha ning
dinh vi cua phan cong tdc. Muén dinh huéng né, can bé sung phin cd tay.
Muén dinh huéng mot cdch tuy y phan cong tdc, ¢d tay phai ¢6 it nhat 3
chuyén dong quay quanh 3 truc vuong géc vdi nhau. Trong trudng hop
truc quay cta 3 khdp gap nhau tai mot diém thi ta goi dé 1a khép ciu
(hinh 1.9). Uu diém chinh cta khép cdu la téch dugc thao tic dinh vi vi
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dinh hudng cua phin cong tic, 1am don gidn viée tinh todn. Cic kidu
khop khdc ¢é the don gian hon vé két cdu co khi, nhung tinh todn toa do
kho hon, do khéong tich duge 2 loai thao tdc trén.

Phdn céng tic 1a bo phan truc 1iep tic dong ién doi tugng. Tuy theo
¥eu cdu lam vi¢e cla robot, phdn cong tic ¢6 (hé 13 tay gip (Gripper),
coOng cu (sting phun son, mé han, dao cat, chia van 6c,...).

1.3. PHAN LOAI ROBOT

The gidi robot hién nay da rdt phong phd va da dang, vi vy phan loai
chiing khong don gian. C6 rat nhiéu quan diém phan toai khac nhau. Méi
quan diém phuc vu mét muc dich rieng. Tuy nhién, c6 theé néu ra dav 3
cach phan loai co bdn: theo két cdu, theo diéu khién va theo pham vi ttng
dung cta robot.

1.3.1. Phan loai theo két cau

Theo ket cau (hay theo hinh hoc), ngudi ta phan robot thanh cdc loai:
dé cdce. tru, cau, SCARA, kiéu tay ngum va cic dang khdc nifa (xcin 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 hé va diéu khién kin.

Biéu khién ho, ding truyén dong bude (dong co dién hodc déng co thuy -
luc, khi nén.... ) ma quang duong hoac géc dich chuyén ty 1& véi 56 xung
diéu khien. Kicu di¢u khién nay dom gidn, nhung dat do chinh xdc thap.

Dic¢u khién kin (hay diéu khién servo), st dung tin hicu phan héi vi tri
dé tang do chinh xac didu khién. C6 2 kiéu diéu khién servo: dicu khién
di¢m - diém va dién khién theo dudng {contour).

V6i kieu diéu khién diém - diém, phin cong tdc dich chuyén tir diém
nay dén diem kia theo dudng thing véi e do cao (khong lam viéc). N6
chi lam viée tai cde diém dimg. Kiéu diéu khién nay duge dung trén cdc
robot han diém, van chuyén, tan dinh, ban dinh,...

Dicu khién contour dim bio cho phin cong tic dich chuyén theo quy
dao bat ky. vdi 16c dg ¢ thé didu khicn duge. C6 thé gap kiéu diéu khién
nay tren cac robot han hé quang, phun son.

15



" Hinh 1.4:Tay may kiéu toado dé  Hinh 1.5: Cdu tricc tay may kiéu
cdac toa do tru

Hinh 1. 8: Tay may kiéu tay nguoi Hinh 1.9: Khop 6 tay

1.3.3. Phan loai theo trng dung
Céich phan loai nay dua vao tng dung cta robot. Vi du, c6 robot cong
nghiép, robot dung trong nghién cttu khoa hoc, robot dung trong ky thuat

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

Robot chan nhén (Mech. Laboratory-Tapan)  Robot lam viéc dudi nudc (OCA)

Robot trong hé thong san xudt linh hoat

Hinh 1.10: Mot s6 loal robot dioc ting dung trong thicc 1é

2-KTRBin 17



| Chuong 2
- #9WE HOC TAY MAY

Theo quan di€m dong hoc, mot tay mdy c6 thé duoe bidu dién bing
mot chuoi déng hoc hd, gém cdc khau, lien két véi nhau bing cic khép
quay hoidc khdp truot, Mot ddu cGa chudi duge gan 1én than, con dau kia
noi vat phan cong tac. Thao tac trong qud trinh am viéc ddi hoi phén
cong téc phai duge dink vi va dini hutong chinh xdc trong khong gian.
BPong hoc tay mdy giai quyét 2 10p bai todn:

- Lop bal todn thuan can ot vao cde bign khdp dé xdc dinh vung Iam viée
cua phdn cong tic va mo td chuyén dong cla phin cong téc trong ving tam
viéc cua no;

- Lop bai tein nguge, xéc dinh cac bi¢n khdp dé dam bio chuyén dong
cho trudc cia phén cong téc.

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

2.1.1. Hé toa d¢ vat

Thé' (Posture) cia mot vat ran trong khong gian duoe coi 1a dudge xdc
dinh hoan toan néu bict duge vt va ludng cha né trong mot hé quy
chi¢u cho tnuedce.

Trén hinh 2.1, he toa do O-xyz véi cic vector don vi la x, v, 2 duge
dung lam /¢ toa d¢ gdc. D€ mo ta vi tri va hudng cla vat ran trong khong
gian, thuong phdi gan ken né mot he toa do, goi W hé roa dé vdr, vi du he
O-x'y=. Goc toa do O' dai didn cho vi tri cha vat trong heé O-xyz, duoe

xdc dinh qua biéu thitc:
o'=0'x+o y+o'z

trong dé ', o', o’ 1a cdc thinh phdn cua vector o’ trong hé toa do
O-xvz. Nhu vay. vi trf cta diém O’ duoge mo ta nhd vector (3 x1) sau;

0',
o'E o, | (2.1)
t o
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:

Hudng cia vat duge dai dién bdi cdc vector don vi x', ¥, 2" cda h

T

O’-x'y"z’, dugc md ta bang cdc quan hé sau:

X =xXx+x ¥y+x:= ]

v

i
rl — .'r . ‘I | ‘J--‘ 4 2
¥ oEYX+Ey ) +'1,':H-(L i2.2)
I =D xtI vtz J

Cidc thanh phan cta cdc vector don vi (', x°, X ) 14 cosin chi phuong
clta cdc truc cua hé O-x'v'z" s0 vdi hé O-xyz.

Hinh 2. [: V(i va huwong cria vat ran trong khang glan

2.1.2. Ma tran quay
Dé cho gon, 3 vector don vi trong (2.2) ¢ thé duge biéu dién dudi
dang ma tran (3 x 3), gof la ma trdn quay, ky hiéu la R, nhu sau:

\ " R ¥
oy 'x o yix x-I
1 .JfI T ||l
R - [xr J"_‘r :1] = xr.sl y R zl . — x! ¥y J'!” % ZII bG ! (2 j’}
'fl ILJl ! J(ll'-"' - 1"” - R ,/_J

Phép quay mot vat quanh mot truc toa do 1a truong hop riéng cia phép
quay mot vit trong khong gian. ‘Chiéu quay duge quy ude.la duong néu
nguge kim déng hé.

Gia strhé O-x'yz” nhan duge do quay hé O-xyz quanh fruc z mét goc «
(hinh 2.2, vector don vi clia hé nity duge biéu dién trong hé O-xyz nhu sau:

lcosa —sing ()—i
M= sina |o y'=| cosa | 2= |0
0 0 IJ
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Hinlt 2. 2: Quay hé O-xyz quanh truc -

Vi viy, ma tridn quay quanh true z cia hé O-x'yz"so vai h¢ O-xvz la:
. cos¢ —sing (
Rz, a})= {sina cosa 0 (2.4)
0 0 1
Tuong tu, cdc ma tran quay khi quay vat quanh truc v mot goc . Rf vy,
F) va quanh truc x mot gée p, Rix, )

cosfB 0 sinﬁ‘l

Riy. pi = 0 .0 (2.5)
-sinf 0 cosﬁ"
1 ¢ 0

Rix, ) =0 cosy —siny (2.6}

0 siny cosy
Céc ma tran quay trén s€ rdt hitu ich khi khao sat phép quay vt quanh
mot truc bat ky. C6 thé thir d& xdc minh ring chiing cé cdc tinh chat sau:
Rik, -3) = R'(k, §) (2.7)

trong dé &k = x,y, z; = @, f. yva R 1a ma tran chuyén vi cla ma tran R.



2.1.3. Phép gquay mét vector
Ma tréan quav khong chi diing dé biéu dién vi tri clia mot hé toa do so voi
mot he toa do khic ma con duge dung dé mo ta sy quay cla mot vector.

Gia st 2 he toa do O-xvz va O-x'yz', ¢ gbe O va (' trung nhau (hinh 2.3).

'.J’"'CI
. \q

NV

P
- poo T
R P Y
0 Y= ot y -
- __;,o’_'.l‘_ “‘:‘_1;"‘
px Jp‘
xr
F

I'

Hinh 2. 3: Bidu dién diém P rong 2 hé tog do
Piém P trong khong gian dugc mo ta ldn luot trong hé O-xyz va
()-x'v'=" bing cdc vector p va p”;
b 7
p=| P, vad p'= \ P |
p:J L]
Vi p vi p’ biéu dién cting mot diém P va chd ¥ dén biéu thite (2.3) tacé:

p=p' =p X +py+p= "y p =Ry (2.8)

" Chi y rang 3 vector clia R vuodng géc voi nhau timg doi mot va R 1a ma tran
dom vi. Né ¢b cide tinh chat:
R'R=FvaR"=R"
Tir bidu thife trén ta rit ra mot két luan quan trong: Chuyén vi clia ma tran
quay bang nghich dao cua né [5].
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hay: p =Rp (2.9)
Trong trudng hop nay, ma tran quay R chinh 1 ma tran chuyén déi toa
dd cna mot vector tir he O-xyz sang h¢ O-x'yz’, con R’ 1a ma tran chuyén
Vi cua ma trin R.
Vidu. néu h¢ O-v'vZ nhan duoe bang ciach quay hé O-vyv: quanh true 7
mot goc ¢« (hinh 2. 4) thi w6 quan he gilta toa do cua dicm P trong 2 heé L
po=pleos a-plsin a
po=posinat plcos a
po=p
Neit viet gon lal vade v dén bicu thie (2. 4 thi ta b
!—cm' o -sing O
P singe cosa O|p'= Rz app’
o 0

Bo cang chinh L phuong trinh mo (& phép quay vector p quanh truc =
mot gée e Bicu dicn inh hoe cda phép quay niy nhu trong hinh 2. S.
Tom lai mactran quay R <6 3 ¥ nghia tuong duong nhau:

ot 2 h¢ toa do. trong d6 cde ¢t clia ma tran 1

=

- Bicu didn hudng
cosint chi phuoug gifta cdc true cla hé mdi so véi he gac.

- Bicu dién sut chuyén déi ta do clia mot vector gitta 2 hé toa do ¢
20c tring nhau.

- La todn wr bicu dién phép quay mot veetor trong cung mat h¢ toa do.

Hink 2.4 Bicu dicn vector trong 2 Hinh 2. 5: Phép quay mot vector

e toa do
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2.2. PHEP QUAY MOT VECTOR QUANH MOT TRUC BAT KY

2.2.1. Téng hop cic ma tran quay

Thong thutng mot vt thé trong khong gian ¢6 thé quay quanh mot
truc bat ky. Trong truong hop do, ¢6 lh_é coi phép quay tong quat [a su 1o
hop nao d6 cla cdc phép quay don gian. Néu lam duge nhu vay thi ma
tran quay téng qudt s€ 1a 1ong hop cla cic ma tran quay don gian.

Gia sir ¢ 3 hé toa d§ chung goc 1a O-v,v,2,. O-x,v,;z,. O-x,v.2,. Veclor
p dai dién cho mét di¢m bat k¥ trong khong gian duge bicu dién trong
méi he a p, p’, p”'. Ky hieuw ma trén bicu dién phép quay cta hé 7 so véi
h¢jlaR/.

Ta c6 m6i quan hé gilia cic vector p’ v p” nhu sau;

p =R p (2.10)
Tuong . 1a c6:

P’ =R p’ (2.11)

P=R"p’ (2.12]

Thay (2.10) vdo (2.11) va sirdung (2.12). ta ¢o:
R'=R'R/ (2.13)

Ma tran quay R,” treng biéu thifc (2.13) ¢6 thé hidu [d 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 trong phuong vdi he f)—.x‘r,_x-'r-,:,J) theo R, d¢ né truing
phuong va1 hé O-x,v,z,.

- Ticp tye quay vat (hién da tritng phuong vé6i hé O-x,v,z,)) theo R, dé
no trung phuong voi hé O-xv,v,z,.

Phép quay noi tvén la quay vat quanh hé toa do hién thoi (hinh 2.6).
Ciing ¢6 thé lien tiép thuc hi¢n phép quay quanh hé toa do ban dau. Trong

truomg hop nay. cic phép quay ludn luén duge thue hién vai hé toa do ¢o
dinh (hinh 2.7).

~ Tir day vé sau, chi 8 trén trong ky hiéu cac vector hodc ma tran chi hé toa
dé, trong dé vector hoac ma tran dugc mao ta.
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Hinh 2.7 Quay fién tiep mor vt theo hé toa do o dinh
Co the hinh dung qud tiink quay theo cde bude sau
Ban dav ¢6 2 he G-xyvz, v O-v,y,z, 1ech phuong nhau theo ma tran
. 0¥l AYEY P 5 .
quay R,
- Quay he O-vyv 7, cho tring v&i he -y 2, . (wong tng ma tran auay K&
- Quay he O-v.v,7; theo R dé nhan duge he O-v,v.z.
- Bu phép quay 6 bude | bang phép quay nauoce .
Qua trinh trén duoe the hidn bai bidu theie sau:

R = RIR/R/RY



Vi RUKS = 1.nén cudi ciing ta nhan duoe bidu thite:

R!'=R/R (2. 14}

So sanh val (2.13). chine ta nhian thay phép guay fién tiép vdt theo hé
tog dood dind cho K&t qua giong nhwe phép qitay lion Hép v theo hé 1oa
o Bien dhails phuang theo thi ae nedoe lai. Bicu d9 cling ndi 1én rang
Rhong the ty tign thay doi th ur gnay vat Cling ¢6 the kiém tra két luan
tren bing cdch so sanh phidp guay trong hinh 2.6 vid hinh 2.7,

2.2.2 Phén guay quanh trae hat ky

Truong hop thudng xuydn gian phadi trong nghién cin dong hoc tay
mav [ mé t phep auay mob vat guanh true bat ki,

G sier = g, 0 la vector dom vi rong hé O-xvz cla true quay, Ma
van gquay K, S mo ta phdp guay quanh trye » mét gée F duoe xdce dink
bing cich 10 hop cic na rdn quay theo cde true toa do gde (hinh 2.8).
Goe J duoe quy ude a didsne aén chion quay ngitce kim dong ho.

A

=
?‘z ] ( _ - -
\ T _ ~’£' 9
fi T -
T T;'ﬂ T 1/
"__// b 1]
o . — — -
e T T A
e o
- ot - ! e
-7 /// o T~ i
- . L LA
- o _
LEY
o

Hinde 2.8 Phep aivav gurentdy st irie bt kv

Mot trong nhiing cich 16 hop cé the nhu sau:

- Lam trang vector 7 vé trtie - bang cdch guay - mot gée - quanh
true -, sau do 1 -/ quanh trae v,

- Quay mat ede & quanl o

b3
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- Quay tra .géc Fquanh y, rét e quanh .
Maé ta bang ma tran quay céc phép quay trén nhu sau:
R(r, ) = Rz, a)R(y, BIR(z, $)R(y, -BIR(z, -a) (2.15)
Tir cdc thanh phan cita vector r, ¢6 thé biéu dién cic ham siéu viet dé
tinh cac thanh phan cta ma tran quay trong (2. 15) nhu sau:

Gy = "y e Ty o 22 )
SIAQ = e [ COSO = e sinfi= A1y +ry ccosp=r
\ff‘; +ry Vi Iy
Thay chiing vao (2.15), nhan dugc ma tran quay R(r,§), mo ta phép
quay quanh truc bt ky nhu sau’™:
rii-c)+e,  rr-c)-rs, rr(-c)+rs, |
Rir,9)=|rr (l-c)+rs, r_f (I-cydy+c, rr(l-c,)—rs, |(2.16)

rr.(l-c,)- rsg P (l-cg)+rs, rf (I-cy)+cy

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

Dieu d6 cé nghia 14 phép quay mét géc 9 quanh true  tuong duong
v phép quay mot géc - & quanh (ruc -r,

Khi gidi bai todn nguge, nghia [& tim géc quay & va truc quay r khi
biét ma tran quay:
noo o s
R=1tr, r, r

fy Iy Iy

J3

thi c6 thé sir dung cic biéu thiic sau:

3:cos-f(”"-+"2?2+“-‘"]];r I (2.17)

vdi sind # 0.

" Tir day, cos s& duge viét tit bing ¢; sin vigt tit bang s. Vi du, cos3 — ¢y
N = 54,
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Ta thdy (2.17) mé ta phép quay nhd 4 thong $6: gdc quay ¢ va 3
thanh phan cua vector 7. Tuy nhién, vi r 1a vector don vi nén 3 thanh phan
cua nd by rang bude boi diéu kién:

ol = (2.18)

Néu sin$ = () thi (2.17) vo6 nghia. Khi d6, phai xét true tiép cac trudng
hop cu thé, ké ca truong hop & = 0 va 9=

2.2.3. Mo ta toi thiéu cia hudéng

Ma tran quay ding dé mo ta hudng cia vat co 9 thanh phin, nhung céc
thanh phan nay khong hoan toan doc lap v6i nhau. Chiing phai vuong géc
vGi nhau timg doi mét, nén <6 6 dicu kién rang buoc. Ngay ci phép quay
quanh truc bat k¥, tuy duge moé ta bang 4 tham s6 nhu trong (2.17), thi
van cd mot rang bude nhu biéu dién & (2.18).

Nhur viy cé nghia [a, dé mé ta phép quay (hay dinh hudng), chi cén
diing 3 tham o doc 1ap. Viéc dung 3 tham 50 doc lap dé mo ta hudng
duge goi 1a sy mé ta 161 thiéu (Minimal Representation of Oriemtation -
MRQ). C6 thé ditng cdc bo ba tham s khdc nhau cho MRO, nhung
thudng dung nhat la gdc Eunler vi géc RPY.

2.2.3.1. Goc Euler

Gace Enler hinh thainh MRO bang céch 16 hop céc thanh phian cia ma
tran quay rong Aé toa d¢ hién thei. Tuy theo kiéu t& hop ma tran guay,
c6 12 bé gde Erlder khidc nhau. Sau day 1a mot kicu, goi 12 kiéu ZYZ.

Gia st (¢ & ) 1a mot 16 hop cla gde Euler. Phép quay tuong tng véi
no duge hinh thanh theo thir tu sau (xem hinh 2.9):

Hinh 2. 9: S hinh thanh goc Fuler 2YZ

27



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

- Quay ti¢p hé toa do hién thoi gde Fquanh v tuong img RV, 9), xem (2.5).

- Quay ti€p hé 1oa d¢ hién thai géc w quanh =7, twong tng R(z", v,
xem (2.4).

Hudng cta hé toa do cudi cing fa k&t gqua cta su 16 hop cdc phép quay
trong hé toa do hién thot:

R‘a.';_.'!. _= R(: @JR{_\”, S}R(Z”, f,:'/} =

! € 0,C, — 8,8

e -{;,f - crl.a.\ ('b.‘sl 'S‘;.r - 'S‘Lh(ly: ('.rl.-l ¥ Kl
e - e oo - - T 10
=] 8,.0,0, HC,8, S.098, 0, 8.8, l. (2. 19]
f .
- =S ,UCL_, ¥ Kl o i t H J

Bai todn nguge duge giai bang cach so sianh (2.19) vdi ma tran quay
cho trudc:

Chi y cde phan we [1, 21, {2, 3] va [3, 3] coa (2.19) v4i gia thiét 7, =0
va r; =0, tacd:

@ = Atan2(ry;, r; ) va 9= Aran2( VJ’]_E: 15 ral

Yéu cau \."Ir'"}'_:; +75 > 0 (nghia [a yinf 3) > O gée & nam trong khoang

(1), ). Y& ¥ cidc phan 1 [3, 1] va [3, 2], ta co
wo=Atan2(r ., -r,.)
Tong hop lai. néu chon & trong khodng (0, 7), ¢6 161 giai sau cho bii
lodn nguoc:

o= Atan2er., r) 1‘
= Adian 2( \,flr';; ) (2. 20)
wo=Atan2(r .~ ) [

Atan2iv, V31 arcrengf ¥ix), <6 tinh dén dau cua cde doi so dé xdc dinh xem
gac dang xEt nam & gde phin e nio,
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Néu chon #trong khoang (-7, (7). ¢6 151 giai tuong tu:

p=Atan2(—r,,. -1, )
G= Atan2(-Jr} +ri 1) (2.21)

S/
|

yo=Atun2( -r..r, ) |

Lot giai b suy thedi khi vg = (0. Khi d6 chi ¢6 thé tinh tong hodce hiéu
cla ¢ va . Neu @ = (F hodc 9 = . thi phép quay chi thuc hién quanh céc
true toa do ban dau.

2.2.3.2. Goc RPY

Khic ven goc Luder, gde RPY hinh thanh MRO bang cich tong hop cic
phép quay thanh phan trong /¢ toq do ¢d dinh. RPY 1a cdc chit til cia cic
tir mo ta ba chuyén dong cha con tau: Roll - chong chanh. Pirch - bong
bénh va Yaw' - chéch hudng (hinh 2.10).

=4

.

S\

4 X (b)
(a)

Hinh 2. 10: M6 1d géc RPY (a) va thé hién cria né vén tay mdy (h)

Phép quay tuong ung vii gée RPY duge thuc hién theo trinh tu sau:

- Quay hé toa do gde mot goc ¢ quanh truc -. Phép quay nay duge mo
(a bang ma tran quay R(z, ¢} va biéu thiic (2.4).

- Quay ti€p mot goc & quanh truc v, wong ing v&i ma tran quay K v.
) va bidu thiee (2.5).

- Quay ucp mot gée w quanh trye A, twong ing véi ma trin quay Ry
wiva bicu thae (2.6).

Ma tran quay t0ng hop [a tich cia cic ma tran quay thimh phin. Chd y ring
cac phép quay dudge thue hién theo hé toa do ban daa (xem lai muc 2.2.1);



Rypy = Riz. @)R(y, $)R(x, y}= -

Coly  Cu8y8, =56, €840, +8.5,
= | 5,0 S,8,8, +Cc, .sw,sgc,w —C,5, (2.22)
-5y Cy8, ey,

Tuong wr nhu truong hop gée Euler, bai toah nguoc duce giai bing
cach so sanh (2.22) v4i ma trin quay cho trudc:

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

@:A!(J”Z’(rJJ" }"“,)

@ = Atan2(~r,,, \r +¢) ) (2.23)
w=dAtan2(r;,, r; )

Véi 4 trong khodng (#/2, 37/2), c6 10i gidi sau:
@=Atan2(-r, —r,)
G=Atan2(—r,. ~Jri + rH) (2.24)
w=Atan2(-r.,—r,)

Lo giai bi suy thodi khi cy = 0. Khi d6 chi c6 thé tinh (6ng hodc hicu
cua @ va .

2.3. PHEP CHUYEN DOI THUAN NHAT

Chuyén dong tong quit trong khong gian ctia mot vat ran gém 2 thinh
phan: tinh tién (chuyén vi) va quay (chuyén hdng).

Gia st ¢6 mot diém P trong khong gian (hinlt 2.11). p° 1a vector ctia P
trong he toa do O,-xy,z.: p’ 1a vector trong hé O-x,v,z,. 0/ 1a vector
chuyén vi clia géc O, 50 vai O, con R,” [a ma tran quay clia hé 1 so véi
h¢ 0. The ctia di€m P so v6i he O-x,y,2, ¢d thé duge bidu dién bang bidu
thitc sau:

=0 +Rp (2.25)
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Bang cdch nhan 2 v& cla (2.25) voi R," vi chd ¥ rang R" = R,
nhan dugc phuong trinh biéu dién chuyén vi nguoc lai:
p'=-R'o”+ RSP 2.26)
Ca 2 biéu thic trén déu thé hién ring, phép chuyén déi toa 4o ¢6 thé bidu
dién duéi dang t6 hop clia phép chuyén vi v phép quay. C6 thé biéu dién
phép chuyén déi kiéu trén nhdy mét ma tran duy nhat A,” gém 4 ma tran con:
f 8]
AIrJ:{RI OI} (2.27])
0" 1
Trong d6 R,” 12 ma tran quay dang 3 x 3, 0,” [ vector chuyén vi ¢6
dang ma tran 3 x 1, 0" 1a vector chuyén vi phéi canh vi d6i véi dong hoc
robot la vector O, 7 1a gid tri clia h¢ s6 ty 1&. Ma tran trén duoc goi 12 ma
trdn chuyén doi thudn nhdt. Phép chuyén ddi nhd ma tran thuan nhat
duge goi 1a phép chuyén doi thudn nhdt.

Bing cdch trén, 6 thé biéu dién cdc phép quay co ban:

¢, —s, 0 0
Rz =] < 0" (2.28)
Z, 0 = . 2¢
o 0 10
10 0 0 1]
i ¢, 0 s, 0]
Ris, f) ¢ 1 0 90 2. 20)
v, [§) = 2.2
. —-s5 0 ¢, O
L0 0 0 1]
1.0 0 0
0 ¢, -5 0
Rix, ¥} = T (2. 30)
0 s, ¢ 0
0 0 1
va phép tinh tién co ban:
1 0 0 d,
0 1 0 d,
Tid.,d,.d)= ' (2.31)
ST 00 1 d
0 0
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Hinh 2. 11: Biéu dién diém P ooy Hinh 212 Hé 1o do tren ban
cde e tog dé Khide ihai tay

Nha 4 ma tran ¢ ban nay cé the bicu dién chuyen dong bat ky cua
mot vil trong khong gian.
Thong qua ma tran chuyén doi thuan nhit, <6 the bicu dién phép
chuvén déi toa do 10ng qudt (2.25) dudi dang thuan nhai:
=il PR
po=Ap

-

P L

trong do: Pl P =y
L/

/|

Tuong tu, chuycn doi thuan nhat gitra hé toa dd 0 sang hé oa do 1:

7
|

I

|

|

_

pl=dAlpt =y
hoac: Ay = (erj; kol = Ry ;
K I TV

Chui ¥ rang, doi vo ma tran chuyén doi thudn nhat tinh chit true giao,
nghia la A” = A’ khong duge dam bao.

Noi tom lai, phép chuyén déi thudn nhil cho phép bidu dién dudi dang
thu gon phép chuyén doi gifia 2 hé a dd. RS riuig. néu gdc cha 2 hid toa
do trong nhau thi phép chuvén déi thudn nhat s thanh phép quay . Nguoc
bai, néu goc quay bang ¢ thi né (o thanh phép tinh ucn.

Tuong tu vai phép quay. ma tran cla phép tinh Gén 10ng hop ¢o the
duoc biéu dién dudi dang tich céc ma (ran tinh tién thianh phin:

Tremg do. A, mo @ chuyén doi thudn nhat wa do mot dicm wr hé tha
vé he tha /-7,
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2.4. BAl TOAN THUAN CUA PONG HOC TAY MAY

Trong dai da so cdc truomy hop, ay miy I mot chiudi dong hio, duoe
cilu tao bol mét 86 khau (Links). duoc 1ot 6 nhau nho cide khép. Mot
dau cta chudi n6i voi gid (Base), con dau kia udi véi phdn cong e, Moj
khau hink thanh clng vdi khdp phia trude nd mét cap khan - khop. Tuy
theo két cdu cta minh mi mdi loai khép dam bae che khau ndi sau néd céc
kha nang chuyCr déng nhat dinf.

Moi khép (thye cha 12 cap khau - khdpy duge dac trung bo1 2 joal
thong s¢é:

- Cdc thong 50 khong thay déi gid tri irong qué trinh n viee cla tay
mdy duge goi ta tham s6.

- Céc théng sd thay doi khi tay may lun viée duoe got 1a cdc bien kliop.

Hai foai khdp theng dung nhil trong k¥ thuat tav mav la khép trior va
khop quay. Chiing déu i loai Khép ¢6 mot bie tu do.

Bai toda thudn nhisn md @ fé (v i va hutdng) ciice phan cong ride dudi
dang hini 50" ctia cde bién khdp. Gia str ¢ mdi tay mady voi s+ / khau va i
kKhdp (hinh 2.13). Thé cua phan cong tic so vai he toa do goc O,-yv,7, duoce
mo ta bang vector dinh vi p" v hudng cia cde vector chi phuong 7.y, «.

Phép chuyén doi toa o duoc bicu difn biang ma trin chuyén doi thuin nhat:

'y s"g) @) ple)

, (2. 32}
| 0 0 4] 1

| I |

Trong dd, ¢ 14 vecior o phdn (W, gom cde bidn kiép: p Lo vecior dind vz
n, s, a fdcde vector chi phuong cua phn cong e, cing chinh li vecior Gon
Vi Ccua cdc trye wa do. NEu phin cong the 1k tay gip i gdo oa 46 dilt vio
tam quay; vector ¢ dat theo phuong iién dén vit; v nam trong mii phing
truot cla ham kep; # vudng géc vai ¢ va s theo guy tac bia tay phal.

Mot trong nbiing phuong phap gidi biu todn thudn s ding wvue iép
hinh hoc giai tich. Vi du, do1 vai trudng bop co cdu 2 khau phang (hinh

2014 cd:

TKy higus, = sin{g 4.yl o = cosly g,

!
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_ 0 s, a, p,
Ta(q):\inn s d’ ;}"—l: 0 s, a, p,
0 0 1 |l s a pl
0 ¢ 0 1
0 5, ¢, g +a,0,
10 e L8, S, RS,
1 0 0 0
0 0 0 1 J

Phuong phdp tinh todn tryc tiép chi dp dung duge cho cdc co cau don
gian. Dé c6 thé gidi cac bai todn tong qudt cdn mot thudt giai chung. Mot
trong nhimg thuat gidi nhu vay xudt phat wr quy tde Denavit-Hartenberg.
duoc Denavit va Hartenberg xay dung vao nam 1955. D6 la quy tic thiet
lap hé thong toa do trén cdc cap khau - khép trén tay mdy. Dua trén he
toa do nay cé thé mo 14 cde cap bing hé thong cdc tham s6. bien khdp va
ap dung mot dang phuong trinh téng qudt cho bai todn déng hoc tay mdy.

!

o
Yo

Hinkh 2. 13: Mé 1d thé cua phdn cong Ilini 2.14: Chudi phdng 2
tdc khau
2.4.1. Mo ta quy tic Denavit-Hartenberg
Gia st trong chudi dong hoc clia tay mdy ¢d # khau, khau thi 7 noi
khdp tha 7 véi khép thit i+ / (hinh 2.15),



Truc khop i-1 Triic khdp | Truc khop 1+ 1

Hinh 2. 15: Biéu dién cde thong 56 dong hoc theo quy tic Denavit-
Hartenberg
Theo quy tic De'mr1';'.'—ch‘.'énl:’€rg thi hé toa d6 duge gin lén cac khau,
khép nhur sau”;
- Bat true toa do z, doc theo truc ca khdp sau (thit i+ /),
- Pat goc toa do O, ai giao di€m giita z, va phdp iuyén chung nho nhat
cila truc z, va ;. Giao diém cla phdp tuyén chung véi truc ,, la gée O,

. = * LI
cuah¢ O’ -x" y' z".

!

" Péi véi quy tac Denavit-Hartenberg, ¢6 mot s& truong hop dac biét, cho
phép don gian hod tha tuc tinh todn:

- D61 véi he toa do goc chi ¢d phuang cla true z, 1a xédce dinh. Goe O, va truc
X, co thé chon iy y.

- D01 vai he thi #, chi ¢6 phuong cla truc x, 1a xdc dinh. Truc z, ¢6 thé chon
ty v.

- Khi 2 khap lién nhau ¢d true song song. vi tri ¢ta phap tuyen chung c6 the
14y bat ky. :

- Khi trye cua 2 khdp 1ién nhau ¢é truc cal nhau, phuong cla truc x; ¢d thé
chon bat ky.

- Khi khdp thit 7 13 khép trugt thi chi ¢6 phuong ca truc z,, 14 xdc dinh.
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- ‘Ddl truc ioa do x; theo phuong phap tuyén chung giira =, va -, hudng
tlr Khop th ¢ & khop thie i+ /.

- Truc y, vuong gbc vai x; va z, theo quy 1ac ban tay phai.

Sau Khi auge i€t 1ap, vi wi cua hé O-vyz so voi hé O, -x v, 2,
hedan toan xac dinh nhdé cdc thong 86 sau:

- ¢, = (. O khoang cdch gitra 2 khdp lién tiép theo phuong x,.

- = O, G khoang cach gita 2 Khdp lién 1iép theo phuong -, .

- ¢ gOC guay guann true x; gidia o, , va .

- % g6e Yuaey guanh rae Z,, gilfa v va .

Trong 4 nong sO én U« va «; chi phu thuge vao ket cau cua khau
th 7. Néu 1a Khdp quay tht & [ bicn, con d; = const. Vi khap truot thi d,
[a bién. con & = const.

Pén day, ¢6 the mod ta phép chuyén toa do gita hé / va hé i-/, nhu sau:

- Tinh tién ¢ O, ~x,,v 2+, doc theo truc 2, mdt khoang ., sau dé
quay mét goc & aé nhan duge hé O'-x', v, 2°,. Ma trdn chuyén doi thudn
nhat twong tng ta

<
=
=

Lo 0 0 0
- T wén hé G-y v 27 vira nhan duoc mot khodng ¢, doc truc x, sau
d6 guay S quani; ruc x, mot goc a, d€ nhan duge hé O -vyz,. Ma tran
chuyén doi thuwan nhat wong ng 1a

10 0
.l U (' 24 - ! O
b =1, . .
Uos al Ca 0
0 ¢ 0 1
- Ma tran tong hop nhan duge bang cdch nhan hai ma tran trén:
i C.’.J‘.' - S{J.‘ Cm sﬁi Sm' aac.ga
i-1 =i g E y B ¢ & ¢ i - ¢ K] Sm Iu.’ ) S ~ 3
ATy Y= A = (2. 33)
I t} ‘\.m {.u.' (f.l
Lo 0 0 I



Chui ¥ rang. ma tran chuyén vi tehe 7 dén heé i/ 1a him cua cie bich khap
Z (neu khdp thit / 1a khdp quay) hodic d, (n€u khép thir/ 1a khdp truot).

Mot céch 1ong qudt, quy tic Denavit-Hartenberg cho phép 16 hop ciic
ma trdn chuyén vi riéng (& thanh mot ma tran chuyén vi thuan nhat. bicu
dién vi tri va hudng cia khau n so véi khau co so.

nt st oWt pt
a5t G pi'
Ty = A =AU GO A g AT gy (2034
nooosDooa. p. 7 .
0o o0 0 1

Quy tic nay c6 the dp dung cho chudi hd bat ky irong k¢t cdu tay mdy,
nhu biéu dién trong hinh 2.16.

4] e
e T g

Hinh 2.16: So do chuvén vi clia phdn cong tic so vai cor sé

2.4.2. Mot s0 vi du dp dung quy tic Denavit-Hartenberg

Co cdu 3 khdu phéing

Co cdu ¢6 3 khép quay véi cdc truc song song. Dat truc x. doc theo
phuang cla cdc khau, con cdc tham s6 d; = (). Céc bign khdp [3 cic 26c
quay . So d6 dong hoc va bang tham s6 Denavir-FHartonbers nhu vén
hinh 2.17.
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Bdng thong sé Denavit-

Hartenber,

l !
Khiu | a .

la; | O | 0O 8,

Hinde 2.17: Co edu 3 khéu pheng
V1 cde cap khau - khép 6 két cdu lwong twr nhau, nén tir (2.34) ¢é thé
VIt ¢a 3 ma trin chuyén déi thudn nhat duéi dang nhu nhau:
.!—{".- -3 0 (:{('J—I
o ‘\ ¢, 0 as :‘
S0 0 1 o
L(J 0 0 1|

(veii= 12 3

Ma tran chuyén vi (2.34) bay gio tr&y thinh

P]:_; S 0w ra, +ag,
" I I P A8+ A8, Fays s,
Tg)=4'4,4; = - - S {2.35)
C ¢ 0 ] 0
0 0 O 1

trongdoq=1[9, 9,8,

Co cdu toa do cdu

Co cdu tay mdy cdu va bang tham s3 cia né duoe cho trong hinh 2.18,
VizZ, vaz; catnhau, nénd, = ().

Tir (2.34), ¢6 the viét cde ma tran chuyén vi thanh phéan nhu sau;

c, 0 ~5 0

\ s, 0 ¢ 0
A= L 0
L} 0 0 1
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¢, 0 5, 0
Al ={ e 0
T 0 1 0 4,

0o 0 0 1

Bang tham sé Denavit-

Hartenberg
Khép | a | o | d | 9,
1 0O 4v-mf2; 0 .8,
................ 2. ; nlz | . . Bq
3 0 0 i d._; {

Hinh 2. 18: Tay mdy kiéu toa do cdu

Ma tran chuyén vi tong hop
eC, =85 8, 85d-sd,

510, € §8, §,5,d,+cd,

T (q) = AP A% = (2.36)

-5, 0 c, ¢ydy
0 0 0 1

rrong dé q = 9, 9, 3,1

2.4.3. Ving hoat dong cia phan cong tac

Nhu di ndi d trén, vi tri cua phan cong tac duge dai dién bdi vi trif cha
g6c toa do gin trén nd so vdi hé toa do chung, nghia la boi vector p.
Tuong tu, huéng coa phan cong tdc duge mé ta thong qua bo cic tham 5o
MRO va, mot cich hinh thie, ta biéu dién bang vector ¢. Tong hop lai,
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th¢ cua phan eomg tic duce hicu dicn bing vector {m x J), véi m < 5o

V= rﬂ (2.37)

Bieu thie nay ding mot sa huong 10 ihidu cdc théng s doc tap nhau

bidn khiop in:

d> mo ta the cua phin cong tic. N6 ciing bico didn vimg, tropg dod tay
miy o the hoat déng theo dang chie ning cia 16, 2oi 1d vitng hoat done.

Vector (o b ) ido dién micn gid i coa cic bich khép g, g0i 13 fhong

gian ki

]

{2.38)

trong do, g = 4 cho kK griay: ¢, = d cho Khdp truot.

g cich nay ¢ (¢ vidt phurmy tich done hoc ot tay miy Judi
dang khide:
v= Ayl (2.79)

Yiduovar o ciin 3 khav phing (hinh 2.17)0 ¢4 the nhan thay vi tf ca
phan cong e duce <de dink nha 2 tea 4 p, p. cdr hudng cua phan
cong tac duge xac dinh nhis géc ¢ gilta nd vol roe v, 1301 chidu v
(2355 ¢6 th hide didn vi el can phin edng e thong qua 2 phin 3 ddu
cua cof thid t, con huidng ets nd cua goc #= 9, + & + &,

. r
i—_;),l. | | ae, . +ay, |
! i
i |- .
vEL | =kluy = i sy + sy + 0,8
¢ N A \

26 chng chinh & trudng hep ricng cua (2.37) bigu didn ving hoat
dirne et tay mdy 3 khao phane.

S0 trony nduing thong <6 dong hoe auan trong cla tay may 14 vany
fizs vige (Workspace) chia nd. B35 14 khong gian mi g6c 10a dod cla phin
cong (e e Ihe véi 1Gh duge, tie 1 khong tinh dén sw dinh hudag cla
phin come tde. D61 khi ngudi tphin bigt viing Yam viée ndi trén (goi [
Reachuble Workspeeey v6i viing lam vige ¢6 tinh dén su dinh hudng cla

rhan cong vic (Deverons Workspace).
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Thé tich va binh dang cla viing tam vice phu thude vao két ciu clia tay
mdy va gidi han (mién gid tri) cia cic hién khép. D6 v6i tay mdy ¢é »
bac tu do. viing iam viée ¥ tap hop moi vi i ¢6 thé cha phin cong tac,
nhu ma 1a trong phuong trinh dong hoc:

P=rlyl ¢, g gy t=1 . n

trong do, ¢, {¢a) li gid tri gidt han dudi (trén) clla mdi bien khdp.
Ving lam viee nay ¢o cac tinh chit: o6 grdi han, khép kin va lién thong,

Bi¢u dién hinh hoc ving cong tdc cha tav méy la diéu phite tap. Tuy
nhi¢n. ¢hiing ta ¢ the hinh dung vé ving Iam vice cla tay mav thong qua
mot vidu don gian. D6 la co cau 2 khau phang (hinh 2.19).

A
qE
|+ qz_u h
| |
qln* r;JII u qi »
17 ':!z‘ 7 t
S |
¢ ;Em 4

Hinh 2. 19 Plutomg phap xdv dimg

ving lam vige cita co o 2 khidu phang

Cau hinh v the cha cing tay dugce thé hign bing hinh chit ohat kin
aheleda. Doan «b (wong Ung vt ¢, = ¢, cOn g, bién thién tir ¢,,, dén ¢,,,.
Ta v& duoe cung AB twong dng trong hioh bén phdi. Cung BF tuong Gng
doan bf ¢, = ¢, cOn ¢, giam tr ¢-,, d¢n ¢, Tuong 1y, ta v& duoc cic
cung £, £A Vang cong tdc con dire hinh thanh bai cung CD ing véi ¢,
= (L con g, bicn thién trg,, dén ¢, ..

2.5 BAI TOAN NGUOC CUA BONG HOC TAY MAY

Biii todn thudn cta dong hoc tay mdy cho phép xdc dinh the cia phan
comg e, va ¢6 the cd ving Jam viée cla né theo quan bé vdi cdc thong s6
dong boc cua cde cap khau - khép. Bai todn nguoe nhim xdc dink hé
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thong s6' dong hoc dé ddm bdo chuyén dong cho truce ctia phdn cong tdc.
Theo biéu thitc (2.34), néu c6 bo cic thong s6 xdc dinh thi ¢6 thé xdc
dinh T.%(4) mot cich don tri. D6i véi bai toén ngugc thi khong han nhu
vay, vi: ’

- Cic phuong trinh cé dang phi tuyén va siéu viét, thuong khong cho
loi giai diing.

- C6 thé ¢4 nhiéu 16i gidi.

- C6 thé gap nghiém v6 dinh, vi c4c lién két thira (gidng nhu két cdu
siéu tinh).

- €6 thé c6 nghiém tim duge bang toan hoc lai khong chidp nhan duoc
vé mat vit 1y, do cdc rang budc vé két cau.

Tinh da nghiém ciia bai todn nguge khong chi phu thudc vio s& cac
bi€n khdp (tirc 14 s6 bac ty do) ma ci vao s6 lugng cdc tham s6 khac
khong trong két cdu. N6i chung, s6 lugng nay cang 16n thi s6 1o giai
chip nhan dugc cang nhiéu. Vi du, tay mdy 6 bac tr do c6 thé cé tdi 16
nghiém. Diéu d6 doi hoi phai c6 cdc diéu kién phu vé co cdu dé giam s6
nghiém nay.

Viéc tim ki€m mot nghiém phit hop doi hoi & ngudi thiét k€ mot truc
gidc v€ todn hoc va vé két cdu dé dy dodn nhimg diém hodc khu vuc kha
di giam duge s6 nghiém can chon lua.

2.5.1. Co cau 3 khau phang

Co cdu 3 khau phing duge hinh dung nhu trong hinh 2.17. So sanh
phuong trinh dong hoc ctia né (2.35) véi phuong trinh déng hoc t1dng quat
(2.34) ta c6 thé xé4c dinh toa do cla diém W (gdc toa do cha khdp 2):

P, =p, —axc,=ac, + azcu}

P, =p, —a;s,=as, +a,s,

{2.40)

Mat khéc, tir hinh hoc ctia co cau, ¢6 gidi han vé géc nghiéng cda phan
cong tac vdi than:
¢=9+ %+ 9 {2.41)
Binh phuong rdi cong 2 v& cia (2. 40) $€ ridt ra duge

2 2 2 2
Pw, P v —d —a

¢,

2a,a,
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Tét nhién, ¢, phai thoa man di¢u kién -/ <¢, <.

T détacds, = +J1-c2 .
Trong do, dau cong 1mng vdi thé ban tay hudng 1&n, con diu tri ting véi
thé ban tay hudng xudng. Vay:
8. = Aran2(s,, ¢,)
Thay &, vao (2. 40) r6i1 giai h¢ phuong trinh d6, nhan duge
(o, +ayey)p,. — a8, D,,
T P+ 0%,
(¢, + a,c, )pwr &8P,
¢ = e b
8, = Aran2(s,, c,).
Cudi cung, tinh duge: $,=¢- 4, - 9
2.5.2. Cu cau cau

Co cau cau (hinh 2.18) va phuong trinh dong hoc cua né nhu (2.36).
Can xac dinh gid tri cda cac bién khdp 9, &, d, twong tng vi tri xdc dinh
cta di€ém gdc toa do W trén phin cong tac. D€ thuan tién, vi tri cha W
dugc xic dinh theo hé 1. Vay, tix (2.36) ¢6 biéu thikc
¢, 0 s d.s,

(Alo]_]?}o:AiAf: s, 0 —¢, —dic,
oL T o 1 0 d,

¢ 0 0o 1

Binh phuong 3 phdn t0r dau cia cot thit 4 clia ma tran trén 2 vé€, duogc
biéu thitc chi phu thude & va d

pu‘cl + Jle Sl d_ls?_
plw= = P =|-d.c, (2. 42)
-p, S tp.c d,

P¢ giai phuong trinh, dat

t=tan( #/2)
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. : 2t
décho ¢ =— v s, =———.
1+1° 1+¢°
Thay chiing vao vé& trdi cia (2.42), duge phuong trinh
(d, + .. Yoo+ 2p i+d, - p, =0

(Gidi ra, ta duoc:

v6i dicu kién biét thitc phai duong. Hai nphiém tuong ing véi 2 thé
khac nhau ctoa ban tay 13

S =2Atan2(-p,. i\/p?‘“.r + e, —d; dy+p)

Tir hai phan tir dau cha (2.42), nhan duoc

10\1-',_ Cl + J’?n'l “I] _ df‘ .'5':,
— P, —d.c,
Tir d6: - . %= Aran 2Ap.c,+p,s, P, )

Cudi ciing, binh phwong va cong 2 phan tir dau clia (2.42), duoc:

. L ¥ _Tl
'_d_; = V/(‘D“-C’ P, 5 ) P
véi diéu kién d, > 0.
2.6. BAI TOAN VAN TOC
Trong dicu khien robot. cin phai quan tam dén quan hé gitta cic khau,
Khop va phéan cong tdc khong chi v& the ma cd vé van t6¢ va gia toc. Bai
todn vi tri dd duge 13p trung trinb bay & cic muc trén. Van dé gia toe lién
quan dén ddng luc hoc s€ duge %€t trong chuong sau. Phian ndy s¢ ndi vé
quan hé giita van 3¢ chuyén dong tai cdc khép (got 1a van t6c khép - Joint
Velociryy vdi vin t6c clin phén cong tdc trong mot hé quy chicu xac dinh.
2.6.1. Jacobian hinh hoc

Gia su mot tay mdy c6 # bic tu do. Phuong trinh ddng hoc cua nd cd
dang nhu (2.32), duge viét gon lai nhu sau:
J—R(c‘;) nlg) |

T(g)y=i .
Lot 1|
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véi g = g, ... ¢,/ 1a vector cic bign khap.
Can xdc dinh quan hé ham s6 gilta van t6¢ thang p v van téc géc o
ctia phin cong tic v6i van tdc khdp ¢
p=Jlq)q; w=J,q)g
trong do, J, vaJ, la céc ma tran (3 x n), twong tng biéu dién anh
hudng clia cdc van tdc khép ¢ dén van t6c thiang p va vin toc g6¢ @.

Cé the vi€t phuong trinh trén dudi dang gon hon:

P .
v=| 1 =J(¢)qg, (2.43)
LY ]
! ,)"J..] .lil,un )
trong dé./ :{ "’1 = la ham $6 cua cdc vian toc khép va
.!{J 2

T Jow ]
dLI(_jc goi la Jacobian. Vi né duge xde dinh bang phuong phap hinh hoc
nén mang t&n 1 Jacobian hinkh hoc.

Dé tien cho viéc tinh todn Jacobian can phan biét trusng hop khép
truct (¢, = d,) va khop quay (g, = %).

Truong hop khop truot

- Cho van toc thang, vi ¢, = d,, nén: G, Jp = dz L Vivay jo=z .

- Cho van t6c géc, vig, = 8, nén: ¢, j, =0.Vivayj, = 0.
Truong hop khop quay
- Ddi vdi van tée thang, nhu trén hinh 2.20, ta ¢6:
Gip = Wy X Ty = 3 Zog XD - Pis)
Vi ¢ = ¢ nén cudi cungtaco: j, =z, X(p- p.h

- Cho vn toc géc, vig; = S ném: ¢, 7, =9z . Viviyj, =z,

ot

Tong hop lai, ¢6 cong thiic tdng quat dé tinh Jacobian hinh hoe nhu sau:

(M=
H’O ' } cho khép truct

{zm “(p=p,)

‘ (2. 44)
} cho khap quay

=1
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Hinh 2. 20: S0 dé tinh todn anh hudng cia van toc khop quay dén vin

16 thang cua phdn cong tdc

2.6.2. Jacobian giai tich
Mat phuong phdp khac dé xac dinh anh hudng cia cic van 16¢ 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 duge biang phuong
phdp giai tich nén né dugc goi la Jacobian giai tich.
Van t6c chuyén dong tinh tién cla phan cong tac so véi hé co s& dugce
tink bang céich ldy dao him cua toa do p(q) theo thdi gian:
. Op .
;ﬁ*;q=JA®q

5

Tuong tu, van toc quay cGa phin cong tic duge tinh bang dao ham cua #g):

3 -
=21 (i
oq

“Téng hop lai, ta ¢6 phuong trinh t6ng qudt dé biéu dién dnh hudng cia
cdc van toc khdp dén van tdc cla phan coéng tic nhut sau:

EVAREACRE :
X=||= q=J,(q)4 (2.45)
LJ L’ # (@) |
trong dé Jacobian giai tich
Fkiq)
J (g)= 2
0q
N6 khac véi Jacobian hink hoc Vi @ # ¢, Dua vao cdc quan hé dong
hoc trinh bay & trén, ¢6 thé tim ra méi lién hé giira ching.
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Chuong 3
DONG LUC HGC TAY MAY

Dong luc hoc tay may nghién citu gquan hé gita lyc, momen, nang

luong,... v6i cdc thong so chuyén dong clia nd. Nghién ciru dong luc
hoc tay may phuc vu cho cac muc dich sau:

- M6 phong hoat dong cia tay mdy, dé khao sdt, thit nghiém qua trinh
lam viéc ctia né ma khong phai dung tay may that.

- Phén tich, tinh.todn két cau cia tay may.

- Phap tich, thi¢t ké hé thong diéu khién tay mdy.

3.1. PHUONG PHAP L AGRANGE

3.1.1. Co so chung

Phuong phap Lagrange dua trén moi quan hé gilta tong nang luong cha
hé théng véi lire (6ng qudt, trong mot hé toa do tong qudt.

Gia sir d3 xdc dinh duge mot tap hgp cic bién A, i = 1.....n v6i tu cich
1a hé toa do tdng quat dé mo ta vi tri cdc khau clia mot tay mdy n bac tu
do. Lagrange cta co hé 1a ham s6 clia cdc toa do tong quat:

L=T-U (3.1}
trong d6 T va U tuong dng la dong nang va thé nang cua hé thong.

Tur d6, c6 cong thite Lagrange nhu sau:

d 0L &L

(it 6‘2; oA,

=& i=1l..n (3.2)

trong do, & 12 lyc tong quat Lién két vdi hé toa do téng quat 4.
Pai vai tay mdy cd két cau chudi dong hd, chon hé toa do téng qudt 1a

vector cac bién khép

=4 (3.3)
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Luc 10ng qudt ¢ thé bao gébm momen trén truc dong co chiap hianh
(lyc phat dong), momen ma sdt tai cde 6 trye, luc wong tic gilta phan
cong tdc vai doi wong,...”

Nhur vay. 461 véi trudng hop tay mdy. cong thite (3.2) thé hién quan hé
gilfa tuc tong quat rdc dong lén he théng vai vi ti., van 10c va gia Loc chia
cac khdp. Tir d6 ¢6 1hé xdy dung mé hinh dong luc hoc cho tay may.

Dé hiu 1o vé cong thife Lagrange, ching ta xét vi dy sau:

Hinh 3. 1: Mo hinh
dong hoc cia truc

dao dong

X¢t mot true dao déng nhu hinh 3.1, Motor dién ¢d momen quédn tinh
1, thong qua hop giam toc ¢6 ty $6 truyén bang &, > 1. Nhor dé, truc duoce
truyén mot momen chu dong T va ¢6 van téc &. Vat quay ¢6 khéi lugng
pt, momen quaa tinh / va toa do trong tam dat cach truc mat khoang /.

Chon ¥ lam toa do tong qudl, khi d6 dong nang clia he thong:

1 l S 1 T AT
=18 +—1 k &
2 2
Thé nang ctia hé thong:
U =mgl(] - cox9)

Thay vao (3.1, duoc:

PP T4 o
{= 5[.9 +51mkj_ G -mgll ] - cos &)
L 1, k]9 4oL b, 1.k*8
09 dt 8.9

" "Lyc” & day khong theo ding khdi niém vatly, nén "momen” déng nghia

vén Clue”.
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o :
—- = —mygl sin G
o

Thay cac kél qua tinh trung gian vao (3.2) v chid ¥ lue tong quat &

26m momen phét dong 7 va momen ma sat /4 . dugc
(141 k3 +mglsin@=35=1 - 'Y
Cudi cung ta ¢6 mé hinh dong luc hoce cua b
' ([ 1, k094 F& rmelsing =1

3.1.2. Tinh dong nang

Pong nang 7' cha hé thong gom dong nang chuyén dong cua moi khau
1, (goi tdt la dong nang chuyen dong) v dong ning clia ¢o cau phdt dong
lal cac khdp 7', (got tit [a dong nang phat dong):

"

I=>T +T,) (3.4)

Il
1=h

Dong niing chuyén dong 1, 6 the duge tinh theo sa do trong hinh 3.2

I, = 3 J oo dd (3.5)

trong dé p. la vector van toc dai, o la khoy lugng niéng cua phan 16 1he

tich V', V', 1a the tich cua khau thi 7

=P, o R

Hinh 3. 2: Serdo tinh dong ndng fHinh 3. 3: Sor do tind dong ndey
chuyén dong phat dong
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Sau khi tinh cde thanh phan dudi diu tich phan clla (3.5), ta nhan thay
dong nang 7, ¢6 3 thianh phan: unh ticn. qua lai vit quay. Téng thanh phan
chu yéu fa tinh tién va quay, sau khi tinh cde tich phan tuong tng, bang:

7. = i IR L S 1 NG JECR IR G (3.6)

Ngoai ciac ky higéu dia ding or trude, cde ky hiéu trong phan nay duoc
quy udc nhu sau:

T - dong nang

U - thé ning

m - khoi luong

J - Jacobian

[ - Tensor quin tinh twong Gng vai khoi 1am

Chi $6 / twong ¥mg vdi khiu (fink ), m véi dong co (motor).

Pong nang cua motor cing duge tinh tuong tu. Gia thiét dong ning
cua stator duoge tinh vao dong nang cha khdu mang né. Phin phai tinh 13
dong nang cua cic phin chuyén dong, quy vé rotor. Mot gia thiét nita 12
dong co diu khién khép thi 7 s& dwoc gan trén khau thi i~/

V@i su do trong hinh 3.3, dong niang ¢la motor dugc tinh nho cong
thic sau: ' |

1 1
T =, P /)”4: w! I @ (3.7)

Hh Hee Do mr

trong do cdc thong 56 cua rotor: m,, la khoi lugng, p, 13 van ¢ dai, /

mi

la tensor qudn tinh cua rotor doi véi khoi 1dm cda né, w,, 1a van 16¢ géc.

Bl

Ta nhan dugc céng thic wwong e nhu {3.6):

N 3 mie I JLIE R U1 R T}

. . x” e -
= q;’ .;’;,MJ“ j”””]-f- 2 f ); g R 1" R },t " q ] (3 8)

Cong dong ning cnia tat ca cdc khau wong iing vdi cac biéu thirc (3.6)
va (3.8) dugc cong thie tinh dong nang ca toan hé théng:

= %Z > b ()i, = l! "Blg)q . (2.9)
—- il -l <~ .

"'I'Tén thuc (€, cdc motor dude gan gan than dé gidm nhe cdc bo phan chuyén
dong. Khi do "motor™ duge hiu 1a khau truyeén ddn cusi cung. Ciing ¢é khi
motor duege gan trwe aép lén true quay.



.1.3. Tinh thé nang
Viéc tinh thé nang cua hé lhon& cling xuat phdt tir iinh (he nang
‘3{-“

1mg khau va cua timg motor
H
T i
. IR
Gia thiél cdc khéu ran tuvét déi va lue duy nhat gay nen the nang i

L ol

—r

trong lire. khi dé thé nang cua cdc khau duac tinh bot cong thue
——mglp.

cetor gia 1o¢ trong truong rong hé co so, nghta fa

trong do., g, 1a vee
¢, = [0, (). g néu true 7. duge dal theo phurong thang dimg

Thé niang cua motor
I":‘.'.l.'.' = _fn”” }3:_-, JD.-J..
Thay 2 thanh phan twén vio (3.10), duge cong tinke cudi cung cua the
(3. 17

Z (”?f'.' g{) Ir?.".' + ”{m ‘(“' i } ) }

nang:
{J=-
ral
Chu ¥ ring th€ nang tinh thong qua p, va p,, cht phu thutée vao bien
Ang:

- p fod
khép ¢ ma khong phy thude céc van toc khap ¢
3.1.4. Phin tich ¥y nghia co hoc cua mo hinh Lagrange
1), vao (3 ), ta tinh duge Lagrange cua hé thong
Ry

Thay (3.9) va (3
Ligg)=Tiq.q)-Ufy)
ZZh;_{{q'}(}_(}f + Z{m g gy tm, g PG
' > dang 2.2), ta pha
Jb {q)

1
- ‘:-! P -
Pé xay dung mo hinh dong lue dang (2.2, ta phai tinh cac dao han

ih {¢)q, + 7

d o, d T
di dq, df aq,
" W ah” } .
_Zh g +ZZ ~ 4 q.q,
BRSNS F
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(F:'( ! ~ . ¢ Ii” . ! (’?)u.{.‘
..... = _Z ["”f_.’ ‘gr( i -:-. R ”jm,- ‘Q[J _.-}_ )
(&7 8 il Cif . e,

= —Z(r:c.r,..,gl"'l.flf.':"'(q} 250 — g (q)
]

Thay vao (3.2). nhan duoe phueng teinh chuyén dong:

Zh,._.(q)ij, +ZZ‘h,J,,-_.(q}q;_.c}_, +eigy=<E& Pi=l..n (3. 13}

|
b1 db,
trong do: A - -7 - e
Ty, 2y,
Tir (3.13) ¢6 theé rdt ra cac nhan xét sau:
- H¢ 86 b, bigu thi momen qudn tinh tai truc cta khdp thit 7. dai dien
cho anh huong cla gia toc cua khdp j dén khop 7.
- Thanh phan #,, biéu thi thanh phan ly tam déi véi truc i ca van 16¢
khop j. Vich /ey, = Onénh,, = 0.
- Thanh phan h, ¢ ¢, biéu thi hi¢u tng Coriolis cua khdp j vit k doi
vl Khop 1.
- Thanh phan g, bicu thi momen déi vai khdp 7 do gia toc trong truding.
bé cho ddy du hon, trong phuong trinh chuyén dong (3.13) can phai
¢O mat momen ma sat va lye tuong tdc cua phan cong tac dén doi trong,
3.2 PHUONG PHAP NEWTON-EULER
3.2.1. M6 hinh déong luc hoc
Vat phuong phdp Lagrange. mo hinh dong Iuc hoc cla 1ay mdy xuat
phat tir tong nang lugng (Lagrange) cha hé thong. Phuong phap Newron-
Euler xay dyng mo hinh dua vao su cian bang cua hé luc tic dung ién he
thong. N6 hinh thanh hé phwrong trinh, ¢6 thé giai bing thuat toéan dé quy
frecursive).

Hinh 3.4 1a s do tinh dong luc hoc theo phuong phdp Newton -Fuler.



True khop i

s
f Truc khdpt+f
n :

Hinh 3. 4: So do dong hoc dan dén cong thiie Newton-Euler
Gia st khau thu / cua tay may co kém motor dan dong khop tha ¢ + /
véi cac thong so két cau sau:
m;- khoi lugng cua khau thit /.
I- tensor quan tinh cta khau thu 7,
/

I

momen quan tinh cua rotor,

mi
o vector tr goc cua i-1 dén trong tam C,

1, - vector tir goc clia 7 dén trong tam C',

r, - vector tir goc i-1 dén goc i.

Céc van toc va gia toc duge dua vao tinh toan, gom co:
P ¢~ van toc dai cua trong tam C,

p - van toc dai ctia goc toa do i,

@- van t6c goc cua khau 7,

@, - van tdéc goc cua rotor truc 1,

P~ gia toc dai cua trong tam C .

p - gia toe dai cua goc toa do i,

@ - gia toc goc cua trong tam C,

@ - gia toc goc ctia khau 7,

@ - gia toc gée cua rotor,

i~

¢, gla toe trong truong.



.-

e foar lae va momen Gic dunge, edm:
{ - e cta Khau ¢ tie dong len khau -7,
S e el khaw 7+ 7 vie dung 1én khau /.
1= momen cua kKhau 7 tae dung 1én khaw /-7, tinh theo truc -/,
A4, - momen cda khau 7+ / tic dung lén khan 7, tinh theo truc /.
Chuyén dong tinh tien cia irong tam dude maé 1& bin g cong thiue Newtor:
A S N NN (3. 14)
Cong thie Frder duoe dung cho chuvén dong quay cla khau, trong do
ciac momen duce tinh déi véi toa do trong am va trong luc me, kKhong

gay nén momen. vi nd duoe dat ngay i trong tam:

: . / .
a‘”: ! f o 'F‘. e (l'{;-| o ./.l-i " 'r.- i = _(_-. l!-({}; + }\rr ! II(J-F-N ‘!.-ur-‘.:-:JHI ) ,‘_Q 'I’j
: A MUAY .
Bao bam cua thanh phan thit nhat & vé phai:
! : .
r—-(f w Y=t +mx{]wm), (416}
ot ' .
£)ao hiun cua thinh phan thi hai:
[ . . . _
- G,z =g, g, L @ Xz, (3.7}
o P IR : .
Thay (3.16) vir (3.17) vao (3.15). nhan duoc cong thite Fider:
po ok ok =1 v w x (o)
+ k R q - l - :-'-'-'- ' + k' Al {}.'-—1 1.1.'.’.' . 1(0: x :ma - (3 !8}

e idng quar ¢ the tim duoe bing cach chigu luc £, (doi véi Khdp
fruct) hoae momen w (d6i véi khop quay) [én truc khép, cong thém

momen quin tinh cua rotor:

s

|1z 4k o = v khep tricor
cu b,z Hkhip i 3. 19;
oz vk T e o verl khap quay

3.2.2. Tinh gia toc cua khao

e comng thiic Nevton (3.14) va Fuler (3.18) déu chita thanh phan gia
rC it va gia (o goe cha cic khau va cde khdp.

Tuong ty nhu tink van t6c trong chuong 2, ta tinh riéng cho truong hop
Khop trrot va khép quay.

“n
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Tinh gia toc dai

- Déi voi khdp truot, ky hicu p_,, o 1an luot 1a vector vi tri cua khop -/
va khop i, r.,, 1a khoang ciach gifta 2 true cOa ching, o 1a khoang dich
chuyén theo khap /. ta ¢o:

p,o=0p - ‘?.-—". Fon A,

Pao ham van tdéc p; theo thoi glan, dugc:

po=p_+dz_+do xz_ voxr o xdz  vox{o  xr )

Thay 7, =dz, ., +e, x5 . viophuong trinh tren. dugc:

po=po+ c.!.fzj 2d o, % S kX e X E ) 3.2}
- Doi vai khop quay:
po=p, e X
Pao ham van téc pr, theo thot gran, duoc:
po=p o xe e o xi ) (3.21)

Téng hop lai. ta ¢é cong thic finh gia toc géc cua khau thi / nhu sau:

ﬁr—l +dfzr—! + 2{1.'(0.' = :J-| +{‘:”r a r.-. K] + (0.' X{("J.- X";—I.I) (]){377}

[’j." - .. .
D, to xr_, +m (e, xr ) {2

trudmg hop (1) dung cho khdp truot, iruong hop (2) cho khép quay.
Tinh gia toc goc

- D61 véi khdp truot, vi @ = @, nén:

W =, (3.23)

- D61 voi khdp quay. vim, = o +5F .2 nén

i} = ¢t G o - : ¢ g RES!
& = +9z  + 3w %z (3.24,;

Tong hop lai, ta ¢6 cong thifc tink gia 16¢ gdée cua khau thi / nhu sau:

‘ J'({)J_, vt kKhap tript
o =3 . . o {3.25
Ia)l. 8z v P <z, varn khop quay
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) Cl_urdng,4
CO SO DIEY KHIEN ROBOT

Bong hoc vir dong lue hoce tay mav phuc vu viee phan tich két cau cua

tay mdy. dong thai cliing dal nén maéng cho thict ké tay mdyv. Mat khic.
Mol quan h¢ gitta cic hicn khdp vdi (hé cla phan cong tic trong ving
hoat ddng cua né. gita cdc théng sa dong hoc (thé, van toc. gia 16¢) coa
cdc khau, khép véi cdc thang s6 dong lue hoc clia ching (momen tai cac
khidp, dong ning va thé nang cua cdc khau,..) cling rit can thiét cho viée
thi¢t ke bo phan phit dong. Vé co ban. cic ndi dung trén méi dé Cap toi
phan roy mdar.

N6 mot cich don gian, RBCN 14 miot tay may duge didu khien tur
dong theo chuong inh. N6 gém dai trong diéu khién (phan tay mav) va
h¢ thong dicu khicn. Nhi¢m vu cia hé thong didu khién 13 didu khién tay
may thue hién cdc nhiém vu dat ra. nghia 12 phan céng tic phai chuyén
dong theo qu§ dao dinh trudc va thue hién cac chiic nang cong tdc.
Nghtén citu vé di¢u khién robot dong cham téi cdce van dé sau:

- Quan heé gidra quv dao hoat dong cia phin cong tdc vdi cae thong sé
dong hoc, dong luc hoe clia tay may.

- Ludt, phuong phip diéu khién va céu trie cda hé dide khién.

- Cde cocan cua he thong dicu khién nhu: co ¢du phit dong, cam bién,
ba dicu khién.... cling cdc co cau chuyén ddi va truvén tin hieu gilta
ching. '

- Lap trinh cho robot.

Cédc vin de rén lien quan dén nhidu npanh k¥ thuat khdc nhau: ¢o khi,
truyén dang dicn. di¢u khicn i dong, dien cong nghé thong tin,... ma
ranh gidi gitta chdng ngay cang khd phan dinh. Trong chuong nay, ching
ta s¢ gidi quyel nhiing vin dé rhicn vé cor khi trong didu khién robot.

4.1. THIET KE QUY pAO

Quy dao chuyén dong clia phin cong tdc”™' 1a vin dé chung trong diéu
khien robot. vi dé hoan thinh nhiém vu cu the cia minh thi trude hét phan

"UPE don gian, khi ndi dén qui dao. xin dirge b cum fir "phan cong tdc”
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cong tdc phai di chuyén theo ding quy dao xdc dinh. Noi cach khic, quy
dao 1a v&u 18 co ban dé mo & hoat dong cua robot. Viee thict k& quy dao
cung cip dif li¢u ddu vae cho he didu khién nén cling 1 co s true tiep
cho viée di¢u khién.

Trong tai igu nav. xin tam phan bict 2 thudt ngl sau:

- Puong dich chuven (Path), 1a quy tich cia cae diém trong khong
glan. Vi vay. nd chita dung ciac véu 1o hinh hoce thuan tuy.

- Quy dao. chuvén dong, goi (a1 qus dao (Trajectory) bao ham ca
véu 1& hinh hoc clia dutdmg dich chuvén 1an yéu 16 thai gian, nhir van téc,
i 1o,

Vi vay bai todn thiét k¢ quv dao lién két cdc van de dong hoc va dong
lue hoc. Cac yéu 18 dau vae cua bid todn thiét ké quy dao gém dirong
dich chuvén va cdc diéu kién rang bude v¢ dong hoc va dong luc hoc.
Dau ra cha bii win la guy dae ¢iia phin cong tac. Noi chung, mo ta
chinh xdc dudng dich chuyén 14 rdt khé khin., Ngudi ta giam bét cic
tham 56 mo & bang cich quy dinh cdc diém bién cua vang hoat dong,
thém cdc diem trung gian md duong phai di qua, Xap xi (néi suy) bang
cac duomg don gian. Tuong ty nhu vay, yéu to thdi gian cta quy dao
khong thé xic dinh duoc cho timg diém. ma thutmg quy dinh cho ca doan
duong. Chiing cling thudng duge quy dinh bang cAc gid tri gidi han nhu
van toc hay gia téc cho phép, hoac gén cdc gid tri mac dinh.

Bai todn thiét k& qu¥ dao duge dat ra ca trong Ahang eian bhap lan ving
hroat dong. Cac diéu kién rang bude cta quy dao. nhal ta coa dudng dich
chuyén, thuong die mo ta tronig viing hoat dong. Nguwoc lai. hue chuyén
dong cia hé thong xuat phat tit cic khdp nén viée xac dinh quy luat theo
than gian cla cac bién khdp duge thuc hién trong khong gian khép.

4.1.1. Qu¥ dao trong khQ("mg gian khop

Chuyén doug cha tay mdy thudng duge mo ta trong vang lam vige
biing cdc diem nit (gém diém ddu, diém cudi cta quy dao, cd the them
mot s6 diém trung gian) va thai gian chuven dong. Vi vay, dé thiét ké quy
dao trong khong gian khdp phai giai bai todn dong hoc nguage dé xdc dinh
eid tri cdc bidn khdp tai cic diém ndt. Sau d6. thiét lap cdc ham not suy
gf 1) dé moé ta qui dao vira nhan duoc.
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Thuat todn thiét k& quy dao trong khong gian khdp phai dat cdc diéu
kién sau;

- Khéng doi héi tinh todn qud nhiéu;

- Vitri, van toc va c6 thé ca gia t6c cla cdc khép phai duge biéu dién
bang cdc ham lién tuc:

- Giam thiéu cdc hi¢u tng bat Igi. vi du quy dao khong tron tru.

Dang don gian cha quy dao 1a chuyén dong diém-diém (Poini-to-point
Motion). Néu thém cidc diém trung gian thi két qua ndy c6 thé duoc khdi
quét len thanh chuyén dong theo duong (Path Motion). Khong 1am giam
tinh t6ng quat, chiing ta xét bai toan véi mot bién khdp ¢(1).

4.1.1.1. Chuyén dong diém-diém

Chuyén dong diém - diém img 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 cdc toa do diém ddu, diém cusi clia dudng dich
chuyén va thdi gian chuyén dong giita chiing chir khong quan tam dén
dang hinh hoc cua dudng dich chuyén. Nhiém vu duce dit ra 13 xde dink
qu¥ dao chuyén dong thod man cdc yéu cau chung va cd thé thém ca viec
cdi thién mot 56 thong 56 cla quy dao.

Gia sir 7 [a momen qudn tinh ctia mot vat rin quanh truc quay cia né.
Can xdc dinh quy lut thay déi cla géc ¢ giifa gid tri ddu ¢, va gia tri cudi
gy trong khoang thoi gian 1. Luc phat dong 1a momen 7 tir mot motor. Bai
todn r6 rang la c¢d nhiéu [&i gidi. Ta thém tiéu chudn t8i vu, vi du ning
tuong tiéu thy trén motor li nhé nhat. Tir d6, c6 mot tap hop gid tri ¢ = w
la 1o gidi cha phuong trinh vi phan:

lo=r
' thod man diéu kién:

s
fortjdi=q, -4,
o

sao cho;

't
IT2(r)df—>mfn (4. 1)

t
Lai giai 16ng quat s& c6 dang da thitc bac hai:
axt) = af + bt + ¢



Vi vay, qu§ dao chuyén dong s& ¢6 dang da thitc bac ba:

gith=at + a;” + a,l + a, (4.2}
van téc thay doi theo quy [uét bac hai:

Gt =3ar + 2ut + a,
va gia téc thay doi theo quy luat bac nhat

qit)=06a;r+ 2a,

D¢ xdc dinh 4 h¢ 50, cén cho trude 4 didu kien. Ching thudng 1 vj tri
dau va vi tri cudi ¢, ¢, van 16c dau va van t6c cudi ¢, ¢ ~ Thuong chon
q; = ¢, = 0. Cudl cung, cdc hé¢ s6 trong phuong trinh qu§ dao chuyén
dong (4.2) duge xdc dinh tir he phuong trinh:

ay =

a4, = g,

@'+ al] +ad+ ay = g,
Jug] + Z’a;,tf'- +a,= g,

Tren hinh 4.1 12 d6 thi quan hé giffa vi tri, van t6c va gia t8¢ véi thoi
gian chuyen dong (s) cho trudng hop: diém (géc xuat phat) ¢, =0, diém
dich ¢, = x, thdi gian chuyén dong 1, = [, van téc tai diém xudt phét va tai
didmcudi ¢, = ¢,=0.

Giai h¢ tren v6i cdc gid tri ban déu da cho, dugc:

dy = a, =1}
a,=3m a,=-21
Van toc co quy luat bac 2 vdi gid tri cue dai:
Gy =32 khit = 1/2
Con gia toc bicn thién theo quy luat bic nhat véi gid tri cuc dai:
G = Ot 1 =0vat =]

Nhuoe di¢m cta quy luat ndy 1a gia téc taj diém ddu va diém cudi 16n,
sinh luc va dap do quédn tinh.

Mot dang qu¥ dao thudng ding trong cong nghiép la dang da thiic hén
hop (Blended Polynominal). D6 véi quy dao dang nay, thudng chon quy
luat van t6¢ hinh thang (hinh 4. 2),
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Hinh 4 1 Do thi vini, vdn toc, gia  Hinh 4. 2 Qut dao vori guv ludt
toe vor guy Iudrt da thive beac 3 ven tac hinh thang

Qu¥ dao ¢6 3 doan: khai dong (tang toc) véi gia téc khong doi: chuyén
dong 1€p vai van toc khong déi: dén dich (giam t6c¢) véi gia toc khong do.
Quy dao nhan duge gom 2 doan parabol. not nhau bing mot doan thang.

Gia thi€t g, = ¢, =0 va thoi gian tang t6c va thdi gian giam 16¢ bing
nhau (¢ c6 gid tri hang nhau & doan dau va doan cudi). Cic diéu kién
teén din dén quy dao dét xdmg véi diém giita q,, = (g,- ¢, )/2 tai 1, = 1/2.

D¢ dam bao quy dao la ham lién tuc, van téc tai cdc diém tiép gidp
doun pa;‘ahbl va doan thang khong duoc nhay bac, nghia la:

dn — 4.

- (4.3
." " - f .

it =
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trong do, ¢, 1a gia tri ma bién khdp ¢ dat 16 tai thai diém két thac doan
parabol 1, v&t gia tdc § .. Vi ¢ (0) = 0, nén

I,
q, =4, +;L}'JS (4. 4)

K&t hop (4.3) véi (4.4), nhan duge phuong trinh: )
G —Gi,0 +q, —q, =0 (4. 5]

Néu cho trude § ., 1, g, ¢, giai (4.5) trong khodng ¢, <+/2, nhan dugc:

l 154, —4g, —q,)
((.:__“i i HQ_r q (4. 6)
2 2 g,
D¢ (4.6) ¢6 nghia, phadi ddm bao diéu kién:
o 4!{1.1' - qi‘ )

/
Néu biéu thiic trén nhan dau bang thi khong cé doan nam ngang cua
vn 18c, va do thi van t16¢ ¢6 dang tam giac.
Nhu vy, vai cde gia tri cho trude cua ¢, ¢, va i, tr (4.7) tinh dugc gia
toc ¢ . sau do tinh r nhd (4.6). Cudi cung, qu¥ dao duge xdc dinh o 3

doan:
q, +ic}'[_t" 0<t<t,
giij=44, +(i££_(£ -1.712) LSSt —o . (4. 8)
q, ~--;-i-jl (t, ~t) t, =1, SIS,

Chd ¥ rang, 4p dung quy luat van toc hinh thang khong dam bao diéu
kién 16i vu vé nang luong (4.1) nhu dat duge vdi quy dao bac 3. N6 tang
khoang 12,5% so véi gid tri 161 wu.

4.1.1.2. Chuyén dong theo duong

Trong nhiéu hoat déng, vi du han hé quang, son, xép d& vat li¢u trong
khong gian c6 nhiéu vat chudng ngai,... robot can dugc diéu khién theo
duong. Khi d6, s& di¢m can xdc dinh trén mdi doan dudng I6n hon 2. D6
khong chi 1A nhitng diém ma phan cong tac phat di qua, ma tai d6 co thé
phai khong ché ca van 16c va gia 16¢ chuyén dong dé ddp img yéu céu
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cong nghe. Cic diém nhu vay dugc goi la cic diém chot (path point). So
diém nay nhiéu hay it 1a tuy theo véu ciu cong nghe.

Bai todn dat ra [ xdc dinh quy dao qua N di¢m chét. Nhu viy, méi
bien kh6p phai thoi min N diéu kién ring budc. DE thue hien didu dé. ¢6
thé nghi dén qu¥ dao dang da thic bac N-/. Tuy nhién, giai phdp nay ¢6
cdc nhuge diém:

- Khéng thé khong ché dirge van tae tai dicm dau v diém cuoi.

- Béac cia da thie cang cao thi khd ning dao dong cang 16n, anh hudng
- Xau dén trang thadi cong tic cua robot,

- Do chinh xdc tinh todn cdc hé s§ cta da thie giam khi bac cia da
thitc tang,

- Heé phuong trinh rang bude phate tap va kho gidi,

- Cédc hé $6 cta da thuc phu thude tat ca cac diem. Vi vay, khi can sap
x€p lai mot diém thi ciing phai tinh todn lai hoin toan.

Cé thé khdc phuc cdc nhuge diém trén bing cich thay thé quy dao
da thic bang moét quy dao "ai", trong dé mot s6 doan da thie bic cao
dugce thay thé bang cdc doan da thite bac thap hon. Cac da thic thay thé
nay duoc got la da thite noi suv.

bé dam bdo tinh lién tuc ciia van t6c tai cdc diém chdl. bac ctia da
thic noi suy khdng the nho hon 3. Xét quy luat bién thién theo thdi gian
cua mot bien khdp ¢(7). Dudng cong bién thién cia né gébm N-/ doan da
thire nd1 suy bac ba f7fr), vé1 k = [,..., N-/. Ham ¢(/) nhan gid tri ¢, tai
thai diém ¢ = 1, (k = [,...N). Tai diém dau (1, = ()}, gid tri ¢, = ¢, Tai
dieém cudi (¢, = 1, gid tri g = ¢ Cdc gia tr1 ¢, chinh la dai dién cho cdc
diém chdt clta qu¥ dao (hinh 4.3).

Qu¥ dao duge thiét k& can phai thoa man cdc dicu kién raing budc nhat
dinh. C6 thé xem xét 3 trudng hop sau:

- Gid tri van t8c §f)tai céc diém chét xde dinh,
- Gid tri g(1)tai cac diém chét duge tinh theo cdc chi tiéu nhat dinh,
- Bam bio tinh lién tuc cla gia tdc {7 }tai cde diém chot.

Sau day s€ trinh bay chi ti¢t hon vé mai trutmg hop.
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Hinh 4. 3: Quy dao vdi cdc diém chot va cdc da thice néi suy

¢ Da thirc ngi suy voi gid tri cho trudc cua vdn toc tai cdc diém chot

C6 2 di€u kién phai duge dam bdo:

- Céc da thidc noi suy phai di qua cac diém chét;

- Van téc tai cde diém chét phai bang gid tri dinh trudc.

Néu trén quy dao ¢é N diém chot thi s6 da thitc bac ba, noi suy 77,(7)
noi lan lugt cdc diém ¢ va ¢, 12 N-7. Mdi da thic phai thod min cac
diéu kién sau:

H}((tf( ) = qk
., ) =q,,, (4. 9)
1, )=q, -

ﬁﬁ' .('{kn’) = (}k+."

Mbi da thic noi suy (bac 3) ¢6 4 hé s6. Chl’lng'.duc_.rc xdc dinh bang
cdch giai cdc he¢ phuong trinh dang (4. 9). Cén giai N-/ hé phuong
trinh d€ tim N-/ bo hé sé. _

Thudng gia tri van toc tai diém dau va tai didm cusi duoce 13y bing ¢
(¢, =¢, =0). Tinh lién tuc cha van t6c tai cdc diém chét duoge dam
bao badi diéu kién;

it y=11,,(t,.,) voik=1. N2
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Hinh 4.4a [a bicu dé vi Ui, van toc va gia 10¢ voi cde s6 lieu saw: ¢, = 0, -

=2ng.=n2.qu=mt=0.L=2,=31.=5¢g. =0.qg. =1, 4, =

¢ =0

g, =0 Tathay, chi co van 10c¢ 1a lién tue, con gia toc khong hién tuc.
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Hinh 4. 4: Qu¥y dao vai da thute ditge xde dinh bang 3 dicu kién kivie

nhant

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

Trong trwvong hop nay, gid tri van 1d¢ tal cdc diém chét duge tinh i
cac diéu kién nhat dinh. Bang cdch noi cdc diém chét bang cac doan

thang. van t6¢ tai cac diém chot duge tinh theo quy tic sau:

'—j(\‘}._ +v )

g, =0
0

g, =

G, =0
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trong do, v, =(q, - ¢, )/(t, - 1,.,) biu dién 4 déc clia doan thang treng
Khang thoi gian /o, -1, /.

Hinh 4. 4b minh hoa tnfffr;g hop néi trén véi cdc so licu v g, = 0,
g =2m = o=t =0.,=2t;,=3,1,=5,4,=0, ¢, =0.Ta
thay. van toc ién 131 gid tri O tai cdac diém chot,

o Da thiic néi suy vii gia téc lién tuc tai céc diém chot

Ca 2 rruong hop tren déu khong dam béo duoce tinh licn tue ca gia the
tai cdc diém chét. Mudn dam bao tinh lién tuc cta ca dutmg chuyén dong
lan van oc va gia t6c¢ thi da thic NGk suy giita 2 dwm chot hcn nhau phai
thoa man cdc diéu kién rang buoc sau: '

ﬁrk-;f’k}—%

Ha- Mt =1 (1)
St )= ff A1,

HA._f.('f,{):f!A_(rﬂ._)

(4.11)

Muoén giai hé phuong trinh nay phiai ding thuat gidi dac biét ma khuon
kho ¢6 han cla (i ligu nay khong cho phép trinh bay. Doc gia cé thé
tham khao trong tai li¢u [5). Két qiia, nhan duge qu¥ dao tron véi duong
chuy¢n dong, van toc va gia toc lién tuc.

Hinh 4. 4¢ minh hoa quy dao tinh bing phuong phap nédi trén véi cic
sOlieusaw ¢, = 0,4, =21, g, =2, q,=m t,=0,1,=2,1,=3,1,= 5.
¢, =0, g, =0. Hai cap di€m ao khdc nhau dugc chon dé so sdnh 1a t, =
0,51, = 4,5 (d6 thi nét lién) va 1, = 1.5 ; 1, = 3.5 (nét dixt). Ta thay, d thi
vén téc 13 dudng bac 2, con gia tc 1a duing bac 1. Mat khdc; cap digm
ao tha hai (tvony (ng véi nét di) dan dén gia ¢ io‘n hon vigde, didm
trung gian gan nhaw hon. e ' '

¢ Noi suy duong bdc nhdt bang cdc doan parabol - -

Mot trong nhitng dang don gian nhat chia quy dao tay mdy gém cdc
doan thing, ndi véi nhau bing cdc doan parabol tai céc diém chot.. .

Gia su trén quy dao cé N diém chét, ung véi thai diém ¢, tai d6
bien khép dat gid tri ¢, véi k = /,..,N. Quy duo ngayén thuy gém cdc
doan thang n6i v6i nhau tai cdc diem chét. Dé dam bao tinh lién tuc cta
van toc, tal cdc diém chot (gdy khic), dudng chuyén dong duoc noi
bang cdc doan parabol (hinh 4. 5a).
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Hinh 4.5: Noi suy quy dao bdc nhdr 0
bang cdc dogn parabol 20

, Jradis*2]
o

1
=

5

(s}

(b)

Ky hiéu A = t,,, - t, 12 khoang thoi gian giifa q, v q,.; Ak, 12

khodng thoi gian tuong (mg véi doan thiang gita hai diém q, va q,,,,

G, .., 12 van t6¢ khong déi twong {tng véi khoang thdi gian At,,.,; §,1a

gia téc tuong Umg vdi doan noi parabol va khoang thoi gian Az . Gid sk

gid tri cla cac dai luong q,, At, , 4, duge cho trude. Vin téc va gia toc

tai cdc diém chot duge tinh nhu sau:
. T — 4y

i 14 A,
- Qk,khf _(I}k-.f.k

: (4.12)
A

R
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Muén che cdc diém ddu va diém cudi clia quy dao dat gid tri mong
muén. nghia 13 ¢, = ¢, va ¢, = g, thi phai kéo dai thém thoi gian:
ty —1, + (4] + 4r,)7 2, déng thdi van t6c tai cic diém ddu vi diém cusi
Qo =Gy pe =0. Chi ¥ rang quy dao nhan dugc khong di qua céc diém
¢hot ma chi di gan chiing. Gia téc tai cdc cung cong (g,) cang nho thi
quy dao cang di sdt cdc di€ém chot hon. Hinh 4.5b minh hoa quy dao véi
4, =0.q,=2nq,=742, q,=m1,=0,t,=2,1,=3, 1,=5 4,=0,
g,=0. Hai gid tri cia dr,dugc ding 1a A, =0,2(nét lién) vi
Aty = 0,6 (nét dit). Ta ciing thdy trong trudng hop thit hai (gia t6c 16n),
qu¥ dao di xa cdc diém chot hon vi phai trd gid cho gia (6¢ I6n.

4.1.2. Quy dao trong khong gian cong tac

Quy dao trong khong gian khdp mo ta dién tién theo thoi gian cia céc
bi€n khdp g(7), sao cho phén cong téc di chuyén thing tir diém ban ddu
dén di€m cu6i hoidc di qua céc diém trung gian. Thuc &, khi thiét ké quy
dao trong khong gian khop kho c6 thé ddm bao chuyén dong chinh xac
cua phan cong téc, vi énh hudng phi tuyén khi chuyén déi cic quan hé
dong hoc tr khong gian khdp sang khéng gian céng tic. Mudn cho
chuyén dong cta phan cong tic theo ding 16 trinh da dinh trong khong
glan cong tdc, can thiét k& quy dao truc tiép trong chinh khong gian nay.
Quy dao c6 thé duge xay dung bang cich ngi suy dudng dich chuyén qua
céc diém chot hoac xdc lap bang gidi tich ham chuyén dong.

Trong ca hai truong hop, dién tién thoi gian clia cdc bién trong khong
glan cong tic duge ding dé xdc dinh gid trj cua cdc bién khép theo thoi
gian thuc, bang thuft todn nghich ctia déng hoc tay mdy. Vi cac gia tri
nay la chudn dau vao ctia h¢ diéu khién, nén ngudi ta thudng diing phép vi
nol suy dudmg thang (linear microinterpolation). Bing cich d6 c6 thé
tang tan s6 cap nhat chudn dau vao dé cai thién dac tinh dong luc hoc cla
hé théng.

Ky hi¢u x ia bién, ding dé miéu 14 dudng dich chuyén ctia phén cong
tdc trong khong gian cong tdc. Dién tién thdi gian cta bién dé cd thé
dugc chi dinh chinh x4c hon nhd N diém trung gian (di€m chét), xdc dinh
gld tri cua bién x tai cdc thoi diém ¢, véi k = /,...,N. Tuong tu nhu da
trinh bay & phan trén, quy dao c6 thé duge hinh thanh bang cach noi suy
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ham vector gifra cac diém chot. Ham d6 c¢6 thé duge xac dinh nhd dp
dung mét trong nhitng phuong phap nodi suy da trinh bay & muc 4.1.1.2.
4.1.2.1. Cdc nguyén té ciia duong dich chuyén )

Mot dudmg dich chuyén trong khong gian ¢6 thé duge mo td dudi dang
tham s& béang tap hop cac phdn il 161 gidn (cdc nguyén 16 - path
primitives). Gia sit p 1a vector (3x1) va f{o) 1a mot ham vector lién tuc
trong khoang /@, o;/. Xét phuong trinh ‘

p=fo (4. 13)

Khi o thay déi trong khoang /o, ¢ thi cic gid tri tuong (ng cua p
hinh thanh mot dudng trong khong gian. Phuong trinh (4. 13} 1a biéu dién
theo tham s& chia dudng I, trong d6 dai lugng vo hudng o 1a tham so.
Khi o tang, diém p di chuyén trén dudng 7 theo moét hudng nhat dinh.
Dang cta I”va hudng tang ctta né do ham f{o} quyét dinh. Dudng duge
201 13 kin néu p{ o) = p(c,). Néu p( ;) # p(o;) thi c6 dudng ho.

Trén mot dudng 7~ c6é hudng xdc dinh, cho mét diém p, ¢6 dinh lam
g&c. Ta dinh nghia toa do s cia mot diém bat k¥ trén /1a d6 dai cung ti
p; dén p. Mbi diém p trén /" tuong dng v6i mot gid tri toa dg 5. Vi vay, s
c6 thé duoc ding nhu 13 mot tham s6 dé biéu dién dudng dich chuyén 7

p=fis) (4. 14)

Xét mot dudmg /~duge biéu dién theo tham s6 s nhu (4.14). Tai mdi
diém p trén d6 c6 thé xdc dinh 3 vector don vi dic trung cho dudng do.
Hudng ciia cdc vector don vi phy thudc vao dac tinh cha duong, con chiéu
clia chiing phu thude vao chiéu bién thién ctia (4.14). Cich xdc dinh cac
vector nhu sau:

- Vector thi nhat, ky hieu 1a 1, [a vector tiép tuy€n véi [ tai p, hudng
theo chiéu tang ctia s.

- Vector thit hai 14 vector phdp tuyén chinh, ky hiéu la n. N6 vudng
gbc voi vector £ tai p va nam trong mdf phdng mat tiép v6i I'tai p (mat
phing O trén hinh 4. 6. D6 1a vi tri gidi han ctia mat phing chifa vector
ti€p tuyén ¢ va diém p’ e I. khi p’ ti€n doc theo [ dén p. Chiéu cua
vector n duge xdc dinh sao cho trong vling lan cén cta p, dudng 7" nam
cimg phia véi n so véi mat phang chia 7 va n.
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Hinh 4. 6; Biéu
dién ditomg dich

chuyén duoi dang
tham 56 : Yy

4
- Vector thit ba, ky hiéu la b, hinh thanh véi ¢ vi n mot tam dién thuan,
nghia 1a chifu cua (¢, 1, b) duge xéac dinh theo quy téc ban tay phai.
Theo dinh nghia vé toa d6 v cla diém p trén dudng dich chuyén 7] ta
¢0 cdc quan hé sau:

o9
ds

rsz—}—ﬁ{3 (4. 15)
d.?pll (jS" ) .
ds’

h=txn

San day la hai dang nguyén 6 dién hinh, thudng dung nhat khi xay
dung quy dao trong khong gian cong tac.

« Doan thdng trong khong gian céng tdc

Xét doan thang n6i hai di€m p; va p,. N6 duge biéu dién dudi dang
tham s6 bdi phuong trinh sau:

ps)=p, +Hp—‘iTHm, -p) (4. 16)
Tf |

Chu ¢ riang p(0) = p, va p(HpI — er) =p,. Vi vz_“iy.hlr(mg CL,lEl. I di ter
p;dén p,. |
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Vi phén (4.16) theo s dugc;

d {
@ =a————(p, —p.)
R oy
d‘)p
= {} 4. 17
ds’ ( )

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

» Buong tron trong khong gian céng tic

Gia sir ¢6 dudng tron trong khong gian (hinh 4. 7). duge xdc dinh bai:

- Vector don vi 7 nam theo truc dudng tron,

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

- Vector vi trf p, cia mot diém ném trén dudng tron.

A
z \
\
A
‘ -
H ]
d/ 16 -
Hinh 4. 7: Biéu dién . A
. . . ¥
duong tron dicki dang 3 A
tham s¢ \
: Yy
A »
\
0 \
v
v

r

Ky hiéu & = p, - d. Néu p, khong ndm trén tryc, nghia 13 dudng tron
khong suy bién thanh mét diém, thi phai cé quan he:

57 <)e]
Khi d6 6 thé xdc dinh tam cha dudng tron thong qua vector sau:

c=d+{(dry (4. 18)
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Cén biéu dién dudng tron dudi dang ham clia toa do s. Dé cho ham nay
don gian, can chon mot hé 1oa dé thich hgp O-x'y’x’, rong dé O’ triing
vai tam dudng tron; truc x’ hudng theo chidu vector p, - ¢; truc z” hudng
theo r, con v’ duge xidc dinh tir v vd 2’ bang quy (ac ban tay phai. Toa do
diém p trong hé toa do nay dugce bidu dién gqua vector

peos(s! p}
p(s)={ psin(s! p} (4. 19)
0
trong d6 p =[p, —¢| la ban kinh dudng tron va diém p, 12 géc toa do.
Khi thay déi hé toa d thi phuong trinh biéu dién dudng tron trd thanh
pis) = ¢ + Rp(s) | (4.20)
trong d6 R la ma tran quay cua hé toa do O -x'yz’ so vé hé O-xyz.
Trong chuong 2, chiing ta da biéu dién ma tran niy dudi dang
R=/xyz)

Vi phan (4.20) theo s ta nhan duoc cdc vector van téc va gia t6c dudt

dang ham s6 cua toa d6 s nhu sau:

—sin{s/ p)
dp
—=R| cos(s/ p)
ds
{
, —cos(s/p)lp
d'p :
7 =Rl -sinf(s!/ p)l p 4.2
:
0

4.1.2.2. Vi tri va huong trén quy dao

Qu¥ dao trong khong gian céng tdc 13 t hop theo trinh ty nhdt dinh
cua cac nguyén to di trinh bay & trén. Thiét k€ quy dao trong khong gian
cong tac ¢4 nghia 1a xdc dinh ham x(1), biéu dién thé cha phdn cong tic v
theo thdi gian ¢, trong dé ¢ bién thién trong khoang tir ¢, dén ¢, Thé cua
mot vat trong khong gian cé 2 yéu t6: vi tri va hudng. Khi vat chuyén
dong doc theo dudng dich chuyén, khong chi vi tri ma ca hudng cua nd
thay déi theo thoi gian. Vi vy, "quy dao” & day phai hiéu theo nghia
rong, gém ca thanh phdn mé td vi tri va thanh phidn mo td hudng. Trong
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chuong 2 ching ta da bicu dién the cha phan cong tdc qua.yi tif v hudng
cua no nhu sau; S PR
ph‘ : N A
x= .
o _d;_! C o

Bai todn duoc tich thanh 2 phén: bidu dién’ Vi 1FF VA fuidng cla phin
cOng tac. o

o Vitri cia phdn cong tdc

Cho p = fis} la vector 3 x 1, biéu dién dudng dich chuyén 7" dudi dang
ham cia toa do v, Goc toa d6 cua phin edng tcidi chuvén tir difm p, dén
diém p, rong khoang thoi gian 1. Dé dan glclﬂ dat gdc toa do i d'L]]’] Dir
huong (.Ud fditie p; dén F(m do ena didm » bat ky trén £ frhlnh b rio
dal cung v giira goc, p; d€n p) 1a ham cua thoi gian 1, ﬂghld Ja: s = s(1). Vi
p = fis) ta cé the rinh van t6(. d: dhuven ¢l dtém p trén duo‘ng f‘bang
cach lay dao ham cta p theo 1o ’

dp

p =5 = gf

ds:
trong 6 1 la vector Gép tuven clia dudng tong 'thi'pi Nhwr vay) § bidu-
dién do [dn cha vector van 8¢ tai p. Gid i ¢lia frhién thién tr 1) (khij ¢ =
{)) bien thién theo quy luat parabal haac hish thang; tuy theo chiing ta sir
dung ph¢p noéi suy bac 3 hay bac nhat. vi trd Jai hang O'khi ¢ = t.
Néu duong dich chuven 7714 daan thang dugce biéu dién bt (4.16) thi
van toc va gla tde cua dlem p duoe tmh nhu sau: L

f)“fi';i(f’; - P,'}z,ér
L I b Bpn afiy uieng o e V0
(Pr *P,)’ ER T R I & N 3
Hp,r P ‘ B
" Néu dUUng cong - Ta duomz tron. (4 m) tamhan duqc am e
gld toc: R A el oy fd, o ST LT IR
| SR r*??fn(sfb) L
f’ i 5(n§(sfp§ el o
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—§2 cos(s] p)/ p - Ssin(s] p)
P=R|—§’sin(s! p}l p+5cos(si p) (4.23)
0

Chi ¢ rang vector van té¢ hudng doc theo vector ¢, <on gia 16c ¢6
2 thanh phan: thanh phan Awdng tdm theo phuong n, thanh phdn tiép
tuvén theo phuong £

o Huong cua phdn cong tdc

Hudng cia phan cong tdc, nhur di nghién ciu trong chuong 2, duge mé
ta théng gua ma tran quay cia hé toa do gén trén nd so vai hé toa do co
s, Trong biil todn quy dao chi phai quan tdm rang ma tran guay nay Ia
ham cua thoi gian. Chiing ta ciing dd biét, ma trin quay ¢6 3 cot, urcmg'
g vdi 3 vector don vi (#, 5, @) cua hé toa do hién thoi. Tuy nhién ng
dung truc ti€p ma tran quay dé mo ta hudng khong ¢ lgi, vi phai gidi
quyét cdc lién két thira. C6 trudmg hap, vi du khi ndi suy dudmg thang, céc
vector don vi a. 5, @ khong thé dam bdo tinh vudng géc clia ching tai moi
th&ti diem. D¢ khdc phuc khé khan trén, ngudi ta ding phép mé ti 6
thiéu cua hudng bang cic bo ba géc ¢ = (¢, 3, w) nhu gic Euler ZYZ
hoac goc RPY.

Khi phén cong tic chuyén dong doc theo duomg dich chuyén, hé tog
do ¢thay doi tir gid tri ¢ dén @, Tuong tu nhu d6i véi vi tri, c6 thé
dung phép noi suy bac 3 hoac bac nhat dé mo ta hudng ciia quy dao. Khi
dé. nhu da chi ra trong muc 4.1.1.2, van toc goc @ (co qudn he. bac nhat
véi ¢ ) s& 12 ham Lién tuc A1 v6i thoi gian. SN

Vi vy, véi ¢ v ¢, cho trrdc, ta ciing xic dinh dito¢ hitGrig, van 16c
gde vaa gia 10c thay déi hudng cﬁa phin céng tdc nhu sau:

.¢ ¢ (¢, ¢>;
W ¢'\ -
¢* (sﬁ; ¢) - (4.24)
?= T""i"'"T(sé; TR
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Mot phuong phdp nita dé x4y dung quy dao vé hudng la van dung phép
quay quanh truc bat ky, dd duge trinh bay trong chuong 2. Néu cho trude
2 hé toa 46 dé cic ¢6 gdc tring nhau thi luén ludn cé thé xac dinh vector
don vi r sao cho nhan duge hé thit hai bing ciach quay hé thu nhdt mot
goc¢ 8 quanh truc r.

K¢ hiéu R, v R, 1a hai ma tran quay cfia hé & vi trf ban ddu O,-xyz, va
& vi tri cubi Orxyz2,. Ching ta da ¢6 quan h¢ R, = RR ), trong d6

Neéu ding ma tran Rt) dé mo ta phép quay tir R, dén R, thi phai ¢6
R(0) = I'va R(1) = R, Nhu vay c6 thé coi R, )a phép quay quanh tryc c&
dinh trong khong gian. Géc quay 9, va vector don vi 7 clia truc quay cd
thé tinh theo cc cong thirc sau:

Fo d 7, +ry

.S*f =cos'( 5
] i =Ty
r= F,,—F voisin, #0 4.25)
2 sin .9,. 13 "y ) ( .
Ty =

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

R(1)=RR[(8(1))

Ma trdn trén mo ta hudng cta phan cong tac so vdi hé co s& dudi dang
ham cia thoi gian ¢,

Sau khi dudng dich chuyén duge xdc dinh trong khéng gian cong tic
nh& cdc ham p(r) va ¢(t} hodc R(t) thi, bang thuat todn déng hoc nguoc,
c6 thé thiét 1ap qu¥ dao tuong ng trong khong gian khop gf1).

4.2. PIEU KHIEN CHUYEN PONG

Sau khi nhan dugc s6 lieu ddu vao tuong ung vdi quy dao cua phan
cong tic hay clia khép, hé théng diéu khién phai diéu khién robot chuyén
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dong theo ding quy dad dat ra. Van dé diéu khién robot néi chung rt
phtic tap, vi ngoai viéc dam bao thyc hién qu§ dao mot cach chinh xac,
con phai gidi quyét van dé wong téc v6i doi tugng-cong tic. Tuy theo yéu
cau str dung robot. ¢6 rat nhiéu k¥ thuat diéu khién khéc nhau duge tng
dung. chang han:

- Diéu khién tr do va diéu khién 6 trong tic véi ddi tuong.

- Dieu khi¢n trong khong gian khop va diéu khién trong khong gian
lam viéc,

- Diéu khién phan tan va diéu khién tap trung.

- Diéu khién di¢m - diém va diéu khién theo dudng.

Ngoai ra, ky thuit diéu khién con phu thudc két cau phan co khi clia
robot, vi du sir dung hé toa do dé - cac hay hé toa do khéc, sir dung dong
co chap hanh kiéu nao, ¢S ding truyén dong co khi phu hay khong.
Truyén dong co khi phu cho phép sit dung viing ¢6 loi nhat trén dac tuyén
cua ddng co. m& rong dugc ving tuyén tinh clia né,... nhung lai chiu cac
tdc dong phu, nhu bién dang, t6n hao ning luong do ma sdt, khe hd, cdc
luc v momen phat sinh, nhu luc ly tam, dao dong, luc coriolis....

Su Iua chon gifta diéu khién trong khéng gian cong tic hay trong
khong gian khdp ciing 12 vidn d€ khé. Nhiém vu ctia robot (tifc 13 cla
phén cong tic) duoc thiét lap trong khong gian cong tac, trong khi tac
dong diéu khién lai dit vao cdc khdp nén bién khdp Iz doi tuong didu
khi€n truc tiép. Vi vay bai todn dong hoc nguoc bao gidf ciing phai duwoc
giai, nhung vi tri clia né khdc nhau giita trudng hgp diéu khién trong
khong gian khdp va diéu khién trong khéng gian cong tic.

Khi diéu khién trong khong gian khop, bai todn déng hoc nguoc duoc
giai trudc dé chuyén cac thong sd tir khong gian cong tic sang khong
gian khop (hinh 4. 8).

Ty Fe =
BONG HOC : .
:> NG DIEY KHIEN :> PHAT BONO ::) CHAP HANH TAY MAY :>

-+

- ¢

BIEN B <

Hinh 4. 8: Su db diéu khién irong khong gian khop
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Mach diéu khi€n nhan gid tri dat cia céc bién khdp (¢6 thé qua hé s6
chuyén déi nao d6) va diéu khién khdp theo sdt dién tién thoi gian cla
bién khép. Mach di€u khién ki€u nay don gidn hon, nhung do chinh xdc
bi han ché€ do chinh déi tugng can gidm sét truc ti€p 1a phin cong tdc lai
nam ngoai mach diéu khién.

He diéu khién trong khéng gian cong tac (hinh 4.9) nhan truc tiép
thong s6 cla khong gian khdp lam s6 liu dau vao, bai todn nguge duge
giai trong mach phan héi, nén vé 1y thuyét thi ¢6 vé chinh xéc hon. Tuy
nhién, né cé hai nhuoc diém co ban. Thu nhat, h¢ diéu khién phic tap
hon. Thit hai, hé¢ théng do thudng gin 1én cdc khép, gidm sat tryc 1iép cic
thong $6 cua khép. Muén chuyén chiing sang khong gian cong tac thi
phai thuc hién cdc phép tinh dong hoc thuan va dé ciling 1a nguon phat
sinh sai s0.

DIEU KHIEN :> PHAT&QNG ::> CHAP HANH ::> TAY MAY :D-

] .BIIIE‘N L

H iﬁh 4.9:Sado hé‘ diéu khféi*‘l-ﬂ‘()fig khong gian cong tac
4.2.1. Piéu khién trung khong gian khup

" Trong chuo’ng 3 ching ta di xay dung duoc phucmg mnh téng quat'
biéu dién Lhuyen dong cua tay may trong khong gian khdp. Néu bo qua
luc twong tdc vai moi truong (gia thict tay mdy chuyén dong khong tai) va
luc ma sat tinh (do khé mo hinh hod) thi phuong trinh ¢6 dang sau:

Big)g +Clq.q)q +F.q +g(q)=r1 (4. 26)

Mudn xay dimg hé diéu khién chuyén dong ctia tay mdy phai xdc dinh
n thanh phan cta luc tong qudt (n€u 1a khép truot) hodc momen tong quat
(n€u la khdp quay), sac cho quy dao thuc ¢(7) va quj dao mong mudn
¢ () cang gan nhau cang 61, nghia 13 chiing ta mong muén

() = q.41)
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Ky hiéu ¢, 13 vector chuyén vi ciia co cdu phdt dong, K, 1a ty s& truyén
ctia truyén dong co khi. Gia thi€t bé qua bién dang va khe hd trong truyén
dong co khi, ching ta ¢d quan hé

4. = Ky (4.27)

Tuong tu, ky hiéu 7, /g vector momen do co cau phat dong sinh ra, ta

cling co
r,= K 't (4. 28)

D€ y ring ma tran qudn tinh B(g) c6 thanh phan khong d6i B biéu thi
quén tinh trung binh cia moi khép va thanh phén phu thudc cau hinh cua
khép AB(q )

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

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

F =K 'FK' (4.31)

bi¢u thi ma tran cdc hé 6 ma sat nhét quanh truc dong co va
d=K AB(q)K G, +K'Clq.)K ¢, + K "gq)  (4.32)
biéu thi thanh phin phu thudc cdu hinh cha céc khdp.

Hinh 4.10 14 so dé khéi minh hoa cho phuong trinh dong hoc diéu
khién tay mdy (4.30). N6 gém 2 b6 phan: mot b phan nhan 7, lam dai
luomg vao, g, 1am dai luong ra. Giita ching ¢é quan hé ruyén tinh va don
(linear and decoupled), vi mdi thanh phdn cla 7, chi anh huéng dén mot
thanh phén cha ¢,,. Bo phan thu hai nhan dai luong vao la g, ¢, 4, vad
1am dai lugng ra véi quan hé phi tnyén va kép (ronlinear and coupled).

Dua vao so d6 trén cé thé dé xudt mot s6 thuat todn diéu khién véi cdc
mé hinh déng lue hoc khac nhau. .

Truong hop don gian nhat xay ra khi h¢ s& giam t6¢c 16n, véi su han
ché vé van tdc va gia toc. Khi dé, hé thong duge xem la khdp diéu khién
don (single joint servo), con dai luong d dugc coi 1a nhiu. Di¢u dé dan
dén két cau didu khién phan tan, trong dé cdc khép duoc coi 1a doc 1ap véi
nhau. Bo diéu khién phdi dam bao kha nang chéng nhiéu cao va kha nang
"bam" qu¥ dao tot. V¢ thyc chat, he diéu khién nay lam viéc theo sai s6 giita
gid tri ra va gid tri cdn diéu khién.
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Truong hop thit hai, khi doi hoi van téc cao, ding hé théng truyén
dong truc tiép (Kr = I), thi cdc thanh phan phi tuyén d c6 anh hudng
nhiéu, sai s6 quy dao s& 16n hon. Trong hé thong phéi c¢6 bo phan b cho
cdc thanh phan phi tuyén bang cich tao ra momen ba. D6 1a giai phép tich
cuc, vi né nham loai trir nguyén nhan sai s6 chtt khéng phai han ché anh
hudng cua ching. Diéu d6 dan dén thuat todn diéu khién tap trung.

Nhu vay, tuy theo kiéu diéu khién ma bo phan phét dong c6 vai trd
khdc nhau. Doi v6i h¢ diéu khién phan tan, bo phat dong (actuator) déng
vai tro mdy phdt 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).

Cé hai trudng hop trén déu sir dung k§ thuat diéu khién theo sai s6 giita
quy dao thuc va quy dao yéu cdu, khong phan biét dung lién hé nguoc hay
lién hé thudn. Du v6i mo hinh dong Iy hoc ndo di nifa thi cdc hé thong
thuc ciing phai dugc don gidn hod bing cdch nao dé, vi du bd qua ma sat
tinh, khe hd, bién dang dan héi, sai s6 ché tao,... trong hé théng.
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4.2.2. Diéu khién déc lap

Truong hop don gian nhat trong diéu khién robot 1a méi khép duoc
diéu khién hodn 10an doc lap véi cac khép khidc, va hé diéu khién chi c6
mot dai lugng vao va mot dai luong ra (single-input /single-output
system). Su anh hudng kép gilta cdc khdp v6i nhau trong qua trinh 1am
viec duge xem 13 nhiéu. So d6 cha hé théng nay (hinh 4.11) tuong ing véi
phan tuyén tinh va don ¢ia hinh 4.10.

<

"-\-iu
¥
8|
i
o

Hinh 4. 11: So dé diéu khién déc ldp cia méi khép

Khong 1am mat tinh tdng quét, xét trudmg hop thiét bi chap hanh 1A
dong co dién mot chiéu. Nhu vay, 614 gée quay ciia truc dong co, 7 1a
momen qudan tinh trung binh cia phin chuyén déng quy déi dén truc doéng
cd. R, 1a dién trd phén tng cla déng co, &, va &, 1a hé s momen va hé s&
van toc cda dong co, G, 1a hé s6 dién ap cua bd khuyéch dai cong sudt.

Gia thiét hé s6 ma sat nhdt trén truc cta dong co rit nhd (cé thé bod
qua) so v&i hé s6 can dién nang, nghia la: '

k. k
F, << 4

17

Ham truyén cla dong co c6 thé duge viét dudi dang:

M(S)=—‘—-—-'1——~— {4.33)

1 -~ - - F .
trong d6, k, =—va T, = , tuong ing la hé s& chuyén doi van

v v

téc - dién dp va hang s& thoi gian cla dong co.
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4.2.2.1. Diéu khién c6 lién hé nguoc

D¢ dam bao kha ning choéng nhiéu, bo diéu khién phai thoa man cic
diéu kién:

- H¢ s6 khuyéch dai Ién dat phia trude diém tic dong ctia nhiéu,

- C6 t4c dong tich phan trong b diéu khién dé han ché anh hudng cia
trong trudng t61 dai lugng ra khi hé théng & trang thdi tinh (giit cho ¢
khong dai).

Yéu cau trén gai ra y twdng dung tic dong didu khicn PI(Proporticon:id
- Integral) trong mach chinh véi hiun truyén
I+5sT.

5

C(s)=K,

i, 34

N6 c6 thé cho sai s6 trong trang thidi xdc lap khi tdc dong cua nhiéu
khong déi, tai s = -1/T,. D€ céi thién cdc dic tinh dong luc hoc, nén dung
cae vong diéu khién c6 phin hoi cuc bd dé khir tic dong cia nhicu.

Bén canh viec dong kin mach phan hoi vi tri, thudmg ding ca mach
phan hoi van tdc va gia téc. Diéu dé dan dén mach ¢6 so dé nhu trong
hinh 4. 12, trong d6 Cp(s), C\{s) va C(s) tuong ang biéu thi cdc ba didu
khién vi tri, van t6c va gia (8c; kyp, k. &, 12 cde hing s6 clia cde bo bién
doi. Trong so d6 nay, momen nhi€u D ciing duge chuyén doi thanh dién
ap nho hé s6 chuyén ddi R /k,.

Tir so d6 co ban trén, ¢6 thé ndy sinh mét s6 phuong dn diéu khién ¢6
phan héi riéng, nhu phan héi vi tri phan héi vi tri va van tdc, phan héi vi
tri, van toc va gia tdc.

Hinh 4. 12: So dé mach diéu khién khop doc lip
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s Biéu khién co phdn hoi vi tri

Trong trudng hop nay, tac dong dicu khién duge dac trung boi cac
ham truvén; |
I+sT,

h)

(.‘!.. _(.\\')]'-': h’_.'- (‘i' f.\') = (‘A{‘SIJ = ;I" k.-'l' = .k:.”, = {}

Tu so do khai trong hinh 4.13, ta xdc dinh duge ham truvén cho mach
thuan tchua k¢ tdc dong clia nhiéu);

Prs)= k, K, (1+sT,)
' s+ T, )
v cho mach phan hot: Hix)=k,,.
|08,
9, . ~aT | ocr | 1] e (] o [1] o
Jp— It i ,_P,__, | = Y, e - —
i -4 B Y 2o i 3 o
SN EE S e
| : |
i .
i i —
; |;‘<~,. e
Hinh 4. 13 Mach dicu khién 6 phan oi viomi
Cuor cung. ham truycn cua mach kin vao/ra hiang
{
Uiv) Ky
s 1_‘-_._.:I_.. T H‘_ 15
{ix) . yil+ .s‘fr” J
i '
koK k(05T
Tuong tu. ham wuyén cua mach kin nhicu/ra bang
IR
i) KN kool +sT ) o
A B g VA (4. 36}
IRy / NNt )

Kk sT)

6o TR R1



Bang phuong phdp phan tich qu¥ tich nghiem'™ ¢6 thé chi ra phuong
hudng thiét ké he diéu khién ¢ phan hoi vi tei. nhu sau:

- He thang chi ¢6 thé dn dinh khi hang so thai gian ca bo didu khién
(trong truong hop nay 1a Khau tuyCn tinh) 16n hon hang so thdi gian cua
dong co.nghtala: 7, > 1.

- D¢ giam thdi gian phan ding cia hé thong, can ting T, Thuong dung
T, > .

- D¢ chong nhicu ¢6 hidu qui can tang he <6 truyen K, Tich X, =
Kok dioe got L nhian 10 chimg ahiCu rdistrbance vejoction fuctor,
cling phu thude vao K. Tuy nhien, néu ting K, qua muc ¢é ih¢ giy nén
dao dong cua dai lugng ra.

o Diéu khién c6 phdn hoi vi tri va vdn téc

Sar dd khoi cia heé thong duoc thé hién trong hinh 4.14. Tic dong diéu
khien duge dac trung boi

. . ] . . ST ‘
(Crei= Ko Clisj= R, el Csh=1 k=0
A
e
o S Buen B 6 o [,]o®
g TR EH O
| =
x
Hadi
Mo |

Hinfi 4. 14 Ser do diéw khién ¢ phdn héi vi tri va ven ioc

Ham truyén cha mach thudn vit cia mach phan héi:

kK. K.,(1+5T. k, .
P(sy=-2""1 ’_‘_(“71) Hisy=k,(l+s - L2y
sH{1+s57 ) ' K.k,

" Root-tocus analysis i mot cong cu dé khio s4t cde chi tiéu chat luong cla
h¢ théng, nhu tinh on dinh, dic tinh tinh va dic tinh cta qud tinh qud do.
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Ham truyén cia mach kin vao/ra:

a(s) - ;"t'-f-;,
0.(s)

— - 437
Sk',"]' s ( )
‘I+__ + . .
K}"kﬂ' kaI'K}"f’Ki'
Ham truyén ctia mach kin nhiéu/ra:
SR
0(‘) o k:K.-“kf"PKl'(]"-"‘T‘m )
D( S) I+ S}'(*r[' I .._j_‘_J I
Kpkp kKo kK,
Nhan t6 chéng nhiéu: X, = Kk, K,

(4. 38)

o Diéu khién cé phdn héi vi tri, vdn téc va gia toc
Hé di¢u khién nay ung véi so do trong hinh 4.15. Tac dong diéu khién
duoce dac trung boi:

. i . } I +sT,
Cp(s)=Kpi Co(s)=Kpp Cyls) =K, -4

[

=

8o
B

7 T DT —
® . - 43T 4 . k i

L }‘ § = - ¥ ey A bt - ~ !
e Rl Bl el H

-l

S
w
S KrP+

&

P

Hinh 4. 15: So do diéu khién ¢6 phdn hoi vi tri, van toc va gia toe
Pé cho biéu thic duge don gian, phan gach chéo trong so do duogc thay
the tuong duong bang mot khoi c6 ham truyén:

v kﬂ]’
&} (.\‘_) = =

T
ST, (14 kK by )

mh

(1+k, K k, )1+
. ! lll‘r} (]+k K,‘ik'f:-]) )

m
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Ham truyvén cua mach thuae v cua vach phin hoi:
K. K. K l=xsT,1 A,

Proje= 2000 TR s oSk e
8 Nk

Ham truyen cua mach kKin viio/ra:

s e e e ’{'--'- T o Uy
€65 / sk RLA R
KA, kK. k. K,
Him teuvén oo mach Kin nhidu/ra:
SR,
O0s) _ KK K K (145T,) o

Dis) /s sk, .s-f(ﬂk“;h’_;k. |/
K.k, k K.k, K K.

Nhian to chong nhicw: X, = K.k, K K,

4.2.2.2. Diéu khién co bu

Cuae 50 dd didu khien ¢b hien he nguoe nhu trinh bay ¢ tren nhim tao ra
kha nang chong nhicu tor Nhung khi can ban sit quy dao véi tae do va
gla toc 1on th chung khong ddp tang duge, Co ché dicu khicn 6 b cho
phép giam sai so quy dao. Tuong dng véi moi sg do didu khien ¢o phan
hoi, chuing ta ¢4 (he thict lap ot so dé tuong ang cho dicu khién <o bi
(hink 4.16} va da1 lugng viio tuong ding cla moi so do s& duge thay the

thee ¢ic quan he sau:

3 1+sT
8 (sh=(k, + i ‘__ 0 (3)
' k Kol +sT,)
: sk, v
O (s)=(k,, + ooy - s
Vet T R —10,(5)

.(s)=1k b - IRy
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Kom
O [ 1
ko
. o
Oy KalltsTo) + 8
e kg . _E._s_f. |’ M T}ia M(s) ig
krp —
PR |
a: Bicu khién o6 b veid phedin hai viif
% (1]

LEmfy ]

; bR,

. 1’;_
- + = -
Mﬂ SR weo e

1 IF I m
e B khicr ¢ b vai phan had vi i v 100 va wla toe

Hinh 416 Cde he thong dicie ki co phdn hei
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c: So do diéu khién nwong dwong kiéu PIDD’
Hinh 4. 17: Cac so do twong dicong cia hé diéu khién ¢é phdn hoi
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Chii y ring, lugng bl van 1oc va gia to¢ dugc tinh dé dang bang giii
tich, dua vao thong so vi tri Q41), con Mix) fa him truvén cta dong ca
chap hanh.

Cdc 8o do tren cho phép bam sdt quv dao vao trong pham vi tuyén tinh
ctta hé théng. Kha nang dé con phu thude mite d6 phit hop cia bo dicu
khién va cdc tham s& bl vdi cac thong s& cud qui trinh. Tuy nhién, hé
cang ¢& nhiéu vong phan hoi thi cang it phai quan tdm dén chang. Cic
khéi bio hod trong so dé 1a cic phin wr phi tyén, duge dimg dé han ché
viing bin thién clia van toc va gia toe. Didu dé gidp phong nglta anh hudng
cua sy hién thién thai qud cta cde dai lueng vivo dén qua trinh qua do. rhung
ciing ¢4 thé 1am g1am do chinh xde bdm quy dao.

Trén hinh 4.17 Ja cac so d6 twong duong cua cdac sa dé trén hinh 4.16.
Chiing chi diing mach phan héi vi tri, ¢ong thém mét bo hiéu chinh (phéan
gach chéo trong sa dd) véi cac tdc dong dicu khidn ticu chuan 1a PL. PID,
PIDD....

4.2.3. Diéu khién tap trung

Trong muc 4.2.2 trinh bay cdc van dé co sd cia vige thict k& cic bo
diéu khién doc lap trong khong gian khép. Chiing deu [ cic hé thong don
(single-inprit | single- owtput), ¥ anh hudng qua lai gifa cdc khép déu
duge coi 1a nhicu. Diéu do ¢6 nghia Ia ching ta mdi chi quan tam dén
ot phin (luyén tinh va don) cua hé thong. Mé hinh todn hoc (4.26) va
so dd khdi trén hinh 4.10 cho thay tay may la mot hé n-inprrs (gom n
momen khdp), n-outputs (gém » vi tri Khdp) va phi nevén (phan 16n moi
quan hé gilta chdng 1a phi tuyén). Vi vy, vé mat phuong phap tuan thiét
k& hé diéu khién robot, can xem xé1 tay mdy la mot h¢ thong du bicn va
phi tieveén. SU dung Juat diéu khién phi tuyén-tap trung I giat phdp dam
bio cdc dac trung dong luc hoc cia robot. Phdn nay s€ trinh by co sd
todn hoc hinh thanh luat diéu khién nay.

Dé dé theo ddi, chiing ta hdy xem lai cdc phuong trinh (4.26), (4.27)
va (4.28), biéu dién cdc quan hé dong luc ctia tay mdy, clia hé truyén

dong co khi va cua dong cog khap.
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Pouit png i piae ne ool 2N v e do tién hinb L1 L Be ¢ o ngoon

don: v o the diocne L deondang ma i hdng cace phuong trinh sau:

I NS (4. 41
v,o= R+ K P (4. 42
v,= O (4. 4.1)

trong dé:
K, - ma tran dudng chéo cac hing s& inomen cua # dong cd,
i, - vector cdc ddng dién phan g cia # dong ca.
v, - vector cae dién ap trén phan gng cua p done co.
R - ma tran dudng chéo cac dién tro trén phin dng cua # done co.
K. - ma trin diing chée cde hing 56 dicn dp cita 7 dong ca,
G, - mu trae duene chéo cde hé <6 cha # bo khuvéch dai,
v - vector cde dien ap didu khicn cha 7 dong ¢ servo,
Tang hop v hidu thife wén, nhan dude dang khae cia mé hinh dong
lue hoc dung treng disa Khicn yobot:
BiepiG ~Cogoaiq» Vv glg)=u {4, 44)
Trong dé T la ma trin dirdng chéo cia toan ho lyc can, ¢6 2 thanh
phéan 1a co khi vt dign. va v ta vector cic dat fuong vio cilia hé thong:
F=F + KKR'KK - (4. 45)
w=KKR ‘G - (4. 46}
So sdnh cic biéu thite (4.44) va (4.26) va chid v dén cdc biéu thife tinh
I, 1t & trén. ching ta rit ra mo hinh diéu khién hé thong bdng dién dp. So
do Khai clia hé ducc thé hién trén hinh 4.18.

n-KKR'KK =1 (+. 47}
..._._.._qj_-,..‘
TAY MAY L
] T

Hink 3. 18: Sor do dicu khién robot bang dién dp
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Trong s da uén, dai lugng vao i phu thuoe cac tham 6 K, K. R clia
dong co, ma pid tri ctia ching Jai thay doi theo diéu kién lan viee. Dé
toai teir cac anh hudng dé. o6 thé diing hé didu hicn bdng momen hay
dong dici. Cac phuong tinh (4. 43), (445, va (4.46) duoc thav the bang:

i =0 (4 48
}'I i f" I{J 1“))
=KK{G (. 50)

trong d6 (. 1a ma trvan hang, the hicn quan he ty ¢ gitia dong di¢n phan
ing /v dien dp dicu khién v, Bay gior hé thong duge the hién bang g
do 1eén hinh 4,19,

-.-_._......._._..-q._—’
Y ol Kk K G —2—s TAYMAY |—I»
L2 I

Hinh 4. 19: S do diéw Khién robot bdng momen

Xuat phat tir mé hinh dicu khién ¢ ban (4.44), ¢o thé thue hién cdc
nitiém vu dieu khién khdc nhau bang cdch chon dai uomg vao o thich
hop. Sau day chiing ta x3t 2 truong hop ing dung mo hinh did¢u khicn tap
trung cho robot.

4.2.3.1. Piéu khién PD co bit trong luc

Pat bai todn: Tay mdy gém nhiéu khau. khdép va cdc co cau lién quan.
Mai bo phin déu ¢o trong twong. Trong qud trinh lam vice, thé cia cic bo
phan luon thay dos. nén trong luc dat lén ching ciing thay doi va khang
theo quy uat dinh trude, Nhicm vu cda bo dicu khién & on dinh trang thdi
cua tay may dit né dang lam viée ¢ the nao. Bo dicu khien phai thuong
xuveén gidm st trang thdai cua hé thong dudi tic dung cta trong tramg,
<inh ra tin hicu didu khién thich hop dé bl lai. Phan nav ndi vé ciach c¢hoa
dang ¢l ham diéu khien u d€ thuc hién chic nang bu trong iuc.

D¢ lam vice do, ching ta st dung phuong phap Lyvapiiay. N6 dua trén
nguven 1ac. la trong qud trinh hé thong tiem tién den trang thii cin bang
thi ning lugng cua nd giam dan va o trang thidi can bang. nang luong cta

he dat cuc tieu.
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Ta bicu dicn nang hegng cua he bing ham V/e), trong dé ¢ 13 sai léch
gilfa trang thdi thuc va trang thdi can bang cua hé. N&u cde diéu kién sau
duge dong thoi thoa min thi hé sé dat trang thai can bang toan cuc.

Viel>t Ve=0), Vig)=1 e ="f
Viej<( Ye£0): Viel=m

Trong trudmg hop dang Xét. trang thai cua hé thong 13 the cia phan
cong 1dc va duge biéu thi bang vector gém » phan tir
o~ a
e a']
trong do g la sai 1¢ch giita gid tr) thue ¢ va gid tri & trang thdi can bang
g, (g =¢, —qg)ctabién khép thit i (i = f.).

Ning Tugng coa hé 1a ham <o cia sai léch ¢ va van 1oc ¢ :
DR A R U . .
Vig.gq)= 54 B{quJr—_-)-.:y’!&;,.q >{) Yg.q #0 (4.31)

trong 46, K, ta ma tran doi xing (# x #). bicu thi do cing ciia hé
thong. Thanh phan thit nhat biéu thi dong nang. thanh phin thd hai biéu
thi th¢ nang ciia hé thong.

Lay dao ham bicu thire theo thoi gian vi chi Y ¢, 12 hing »a:
F=q' Blglj+ éq "Blq)i-¢'K.q (4.52)
Rat B(g)j tir (4.44) vi thay nG vdo (4.52), nhan duoc
- é‘?I(B(ff)—2CY'q.c}))¢ ¢ Fg+q (u-glq)-K,G) (4.53)

Thanh phéan thit nhat cta bicu thife trén bang 0: thanh phian th hai xédc
dinh am. Thanh phan thit ba chita yéu o trong e gl¢) va mot tic dong
di¢u khi¢n ty 1& K ,g . chua sai léch trang thdi. Vi vay. néu chon tin hiéu
diéu khién:

u=glgl+K,.q

thi cang di dat duoe diéu Ki¢n cua phuong phap Lyapiencov. Tuy nhién.
¢6 the tang toc do xdce 1ap néu thém maot tic dong vi phan. d€ nhan duoc
tic dong di¢u khién PD

u=glg)+K,.§~-K,q

trong d06, K, la ma tran hing s6. xde dinh ty 1¢ bl phi tuyén clia trong luc.

90



Neuven Iy diéu khién tap trung ¢ bb trong Tue duge the hien trén hinh
hinh 4.20, trong d6 chiing ta nhan 16 1ac dong cua sai Icch trang thai he
théng dén trang thai thuc.

4{ K, .
L

A—

q

|I
e
|
lCl
= |
|
L
+l
i
|
+I
___,(_
;L,
_|
r
<
5
=
3
rey

e

Hinh 4. 20: S dis didu khién PD ¢6 biv trong hie
4.2.3.2. Piéu khién diing dong licc hoe nguoc
Vin dé bam qu¥ dao di duoc dé cip vdi hé diéu khién doc lap. trong
do gia thiet hé Ia tuyén tinh v don. Phan nay nham gidi quyét cing bai
todn bim st qu¥ dao nhung trong bai canh cda h¢ da bién va phi tuyén.
Mo hinh dong luc hoc (4.44) duge viét lai cho tay may c6 # khdp nthur sau
Blg)j+nlqg.ql=u (4. 54)

trong do
nlq.qg)=Ctg.qlg + Fg+ glq) (4. 55}
Vector didu khién ¢ 14 ham trang thai cua hé thong va cho phép thé
hién quan hé vio/ra dudi dang tuyén tinh. Tuy nhién, day 1a su tuvén tinh
hod toan cuce nhd phan hét phi tuyén tir thong s6 trang thal.
Dling v = § v6i gid tri hoan wan xdc dinh 1am dai luong vao, 1a ¢é thé
Vviét 1 dudi dang khdc cia ham diéu khién
u=Blgly+nlq.q) (+. 56}
Ham nav dua trén bai toin ngucc clia dong luc hoc robot va duge thé
hién trén so dé trong hinh 4.21. Vi dai lugng vao y, hé trgs thinh riyén
tinh va doc lip. Noi cich khdc, phén tr y; chi anh hudng dén bien khdp ¢,
mot cach doc lap vé cdac khop khac.
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Hinde 4. 212 Serdo tvén tinh hod toan cute ding thudt todn dang bic hoe
HgHUe
Nhi¢m vy bay gitr la xdc dinh cu thé ham diéu khicn v, D¢ vira dam
bao tinh nang bam qu¥ dao, vita 6n dinh. ham v cén 6 dang sau
y=-K.q-K g+r=g (4. 537}
Di¢u dé dan dén hé phuong trinh vi phan cip 2
g+ K.g+ K,.g-=r

New K. vis K, liveae ma tran xdie dinh duong thi hé 5@ 6n dinh ticm tién.

Moi khi cho trudc quy dao ¢ /1) thi vice bam sat né duoe thue hién bai
dal lugng vao goém 3 thinh phin:

r=g, e Kog,+ K g, (4.58)

Thay 1 trong (4.38) viio (457, ta o6

V=g, Rotq, —q)+ Kotg, —q) i
: (4. 59)
=G, + K!'Ef + K.UEI

Hinh 422 1 so d6 dieu khicn theo thugt todn dong luc hoc nguoc.
tong d¢ vong kin trong theé hién mo hinh doéng luc hoc {4.54) hoic
(4.56). vong ngoai thye hién chitc nang bam quy dao va on dinh hé thong.
lani vice theo sal 1gch ca trang thai (4.59).

S do dicu khien nay o wu diém 13 cho phép thay thé hé phi nuvén. kép
bang n he avéir tinh, don. Tuy nhien. né doi hoi phai tinh ma trin quédn
tinh Brg) va cic vector lue Coriolis, ly tam, trong truong, can.... ngay
trong thot gian 1am vice clia robot (online va real time). Mat khac, thuét
toan con doi hoi phai biét chinh xdc cic thong s6 cda hé thong.
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Hinh 4. 22: So do diéu khién theo thuct toan dong liuc hoc nguoce

Trén thuc t€, khong thé biét va moé hinh hod chinh xac dugce cac thong
50 két cau co khi va ciing khong thé dam bao giai mot cach chinh xédc bai
toan nguoc cuia dong luc hoc tay mdy. Tinh trang trén duge khac phuc bang
cdch két hop cdc ky thuat diéu khién da néu véi ky thuat diéu khién bén
vimg (Robust Control) hodc diéu khién thich nghi (Adaptive Control).

4.2.4. Diéu khién trong khong gian cong tac

Trong cic muc trudc chiing ta néi vé diéu khién robot theo tu tuong
bai todn thuan cta dong hoc va dong luc hoc tay mdy. Muc tiéu dicu
khién 1a dam bao vi tri, van toc va gia toc cta cic khdp, nén bai toan dicu
khién duoc thuc hién trong khong gian khap.

Thong thudng, quy dao yéu cau cta phan cong tic duge xdc dinh trong
khong gian cong tdc. sau dé cac thong so chuyén dong tuong ting cta cic
khdp dugce tinh nho giai bai todn nguge ctia dong hoc va dong luc hoc tay
mdy. Trong khi robot lam viéc, gid tri ra (cdc bién khdp) duge do, 1ong
hop thanh gid tri tuong Gng cta thong s6 quy dao thire nhd gidi bai todn
thuén, dua tro lai dau vao theo mach phan hoi.

Vé nguyén tac, bai toan nguoe duge giai khong chi dé xdc dinh vi tri
ma ca van téc va gia tée clia cac khap. Tuy nhién. dé don gian hoa két
cau diéu khi¢n, bai todn nguoc chi duoce dung khi xdc dinh vi tri cua cédc
khop. con van tée va gia toc cua ching duge xac dinh bang phuong phap
vi phan so. N6i chung, phuong phdp di¢u khién tap trung doi hoi khoi
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hrong tinh todn l6m. Vi viy. né duce sir dung khi ngoai véu ciu vi chuyén
dong con phal tinh dén luc tuong tic ¢Ga phan cong tac voi doi tuong.

4.24.1. Cac dang so do chung

Diéu khien trong khong gian cong tic dua vio st so sdanh ailia ¢y dao
vew cdn ca phan cong tic trong khong gian cong tic vai qu§ dao thiee. duge
xac dinh tr gid tri thue (do duoe) clia cde bien khdp. Nhu vay tong mach
thuan ctia so do diéu khién can ¢6 cdc khau dé chuyén déi sai »6 qu¥ dao
trong Koy gian cong tde thanh gid tri cde bien wong khong wian khap.

Mot phuong dn thue hién phép chuyén déi ndi trén Ta diing mo tian
Jacobiun nghick ddo (hinh 4.23). Trong so dd. Ax 1a sai lech gita vi i
yéu ciu va vi thi thue clia phan cong tac trong khong gian cong tdc,
Thong qua khau bi€n doi, ding ma tran Jacobian nghich dio. v ducc
bién déi thanh cdc sai Jéch Ag cha cic bien khép dé didu khién cdc khdp.

Khoi GAIN MATRIX ¢6 tdc dung nhur 16 xo. sinh ra lue d¢an héi theo
chiéu khir cdc sai léch Ag (va do dé khir Ax).

x Ax - Ay GAIN N : T .,
5 ATRIX TAY MAY »

+

k()

Hinh 4. 23: Sorda dicu khién ding ma tran Jacobian nghich ddo

Phwong dn chuyén doi thi hai dung ma trdn Jacobian chuyén vi (hinh
4.24).

x, bx GAIN T -
MATRIX AL/ * TAY MAY

4

!

k(. )

Hink 4. 24: Ser do diew khién divng ma v-dn Jacobian chuven vi
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Trong truong hop nav khoi GAIN MATRIX duoe dua tén truwde, sinh
ra fuc diéu khién cdc khdp theo chido hudng khir sai s6 Av. Luc tong quat
dd s& duge phan phéi cho céc khép nhd khéi Jucobian chuyén vi

Ching ta ciing thay, ca hai phuong dn déu sur dung bai todn thuan cua
dong huc hoc trong mach phan hoi.

Tuong tu nhu phuong phip didu khién tip trung trong khong gian
khop. trong khong gian ¢ong tac cing ton tai 2 dang: dién klicén co bu
trong twe va dicun bhién ding dong hoc nguge.

4.2.4.2. Diéu khién PD c6 ba trong luc

Kv hi¢u vi tri can dat cua phan cong tic trong khong gian cong tic la
A, vitri thue 14 x. Chang ta mong mudn sai 1éch vi tri
X=x,-x (4. 60)
¢6 xu hudng tiém hén tai (.
Nang lugng cha hé 1d ham s& cia sai léch X va van toc ¢ :
oy 4y ooy e
P’(q_.x)z—;q B(q)quEx K, x>0 Vg, ¥ #0 (4. 61)
trong do, K, [h ma tran d&i xdng (1 x a), bicu thi do cing cta hé thong.
Lay dao ham bi¢u thiic theo thoi gian. nhan dugce
T R VR .
V=g’ Blgj+ 5 ¢ Brglg-x" K, x (.62}
Vix,=0vichoyring X=J (qjg,tacé

¥=—J,(q)q

. _ | B
Do do: V' =q' Blg )i+ > G Blgig—q'J, (qK, X  (4.063)

Pé ¥ mo hinh dong lue hoc (4.44), ran ra:
V==g'Fg+q' (u=-gl@)=J (@K, X). (464
Bidu thic trén goi v chon luat dicu khicn
w=glg)+J (KT =T (@K T (gl (465)
trong dé, K, 12 ma trin hang 6. Vi vy, phuong trinh (4.64) tré thanh

V= g Fg - gk T (4)q (4.06)
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He dicu khién nhu trén hinh 4.25 ¢é dang tiomg tu sor do hinh 4,20,

| K, x ALH
- + - 113
e x & | _.,Ta}l_m—--fmv MAY
—’@”"‘""' LN PR . e ' q
L N S L 1+ % | -
- +E | 4
{
i r
o k( . ) -

Hinh 4. 25: So do diew khién PD ¢6 by trong e
Luat di¢u khién (4.65) hinh thanh mot tic dong b phi tuyvén cho tron

3
o
hue trong khong gian khdp (trong tng vdi thanh phan ¢f¢)) va mot tic
dong di¢u khién PD trong khong gian cong tdc.

Bicu thite (4.66) cho thdy véi mot qu¥ dao cho trude, khi ¢ # 6 thi
ham Lyapunoy giam, hé thdng s& ti€n (i trang thdi cian bang. Trang tha
do duee xac dinh by

JHgiK X =1 (4. 67
4.2.4.3. Biéu khién dung dony hie hoc nguoc

Vict i mo hinh dong hee hoe (5445 cho tav mady o0 2 Khép vhu sau

Bigig - ntg.gi=u 14.08)
trong Jda

H'('q_ q} =L ., t}’ )q + 1“(_}' + g(q‘j i+ HY}
Chon luat dicu khice dudi dang tuven tinh hod

e Blgiy s nfy.gl P47y
se dan den ha teh phin

A [ S

Bar Tuong vio v duoe xdce dinh theo tinh nang bim quv dao cho rudc
vt B nhin duoe guan he

N=J0qii+J tg.g 1
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thi ¢é the chion
Ve CA e e s PR
v=J,(gii, + K, X+ K.X—-J {g.q4)q! (4. 72,
vai K, va K, [a cdc ma tran chco xac dinb duong.
Thay (4.72) vao (4.71). nhan duge phuong ininh mo ta sal léch dong
luc hoc trong khong elan cong tac:
YK X+K.x=1 (] 73
trong dé, K, va K. xdc dinh toc dé hon e cta sai 1ech 161 00 S day dicu
khién ducc the hicn irén hinh 4.26.
Bén canh v va &, can phai do ca g va ¢ . N&éu v vit v duge do giin tcp

thi ho dicu khien can phai tinh todi true teven cac ham g vad fg ).

T

1
v . i
— ’— : 7
. M
Big) Q«-)‘»—b-‘ MANIPULATOR - |
Y ' :
| SN Lo o e

—E k() |

Hindi 4. 26 S0 dd didu khicn theo thivit ioan dong Tee o g
Nhu tinh todn dd chi ra, diéu khién trong khong gian cong téc luon
lidn doi hoi tini Jacobian, ¥i vay né thuong phie tap hou so voi dicu
khicn trong kliong gian khép. BU L. chiing tahin duge cde tudn ioi
VICe MG ta trge Uep qu¥ dao trong khong gra cong tac.

T-KTRI I a7



Chuodng 5
C0 SO THIET KE VA LUA CHON ROBOT

Chuong nay sé khdi qudt kél cau co khi dién hinh clta tay mdy. N6

nhiam tao cho ngudi sw dung robot mot co s¢ thue ticn dé chon mua loai
robot phil hop v&i véu cau cong nghe va dac diém sir dung. Ddng thai,
day cling 14 141 liéu tham khio cho ngudi thict k€, 16 hgp robot.

5.1. CAC THONG SO KY THUAT CUA RBCN

RBCN rat da dang v¢é k&t cdu va tinh nang, duge ddnh gid bang cdc
thong s& k¥ thuat rai khdc nhau. Tuy nhién, ¢6 nhitng thong s6 k¥ thuat
chung cho hau hét robot. Dua vao ¢de thong s6 ky thuit chung do, ngudi
ta thong nhit hod vi ticu chuan hod két cdu va tinh nang cia robot. Ngirdi
dung ¢6 kinh nghi¢m khong bao gi& ¢ chon robot ¢6 moi tinh niang k¥
thuat t6t nhal ma biét chon cac thong s§ wu tién dé thoa min yéu cau
cong vice vai chi phi thap nhat. Vi du, déi v6i mot robot van chuyén thi 3
bic tr do ¢6 the 1a di. shung robot phun son thutng can tdi 6 bac wr do.
Robot lap rdp hodc robot phyc vu mdy cong cu thudng phai ¢6 do chinh
xdc dinh vi cao con robot phun son thi khéng. Trén robot han diém c6 thé
chon kidu di¢u khién diém - diém cho ré, con trén robot hin ho quang thi
nhdt thiél phai dung didu khién dudng (contonr), v.v... Muc ndy néi vé
khai niém v hudng fua chen mot s6 thong s6 k¥ thuat chinh.

5.1.1. S¢ nang cua tay may

P 14 khot Tuomg 1dn nhat cua vat ma robot ¢6 thé ning duge (khong
k¢ khoi tuong cua cde co cdu trong tav may) trong didu ki¢n nhat dinh, vi
du khi 16¢ do dich chuvén cao nhat hodc khi tay véi dai nhit. Neu robot
cé nhiéu tay thi do 1a tng site nang cla cidc tay. Thong 6 niy quan trong
doi vai cac robot van chuyén, x¢p da. lap rap.... Su tham khao céc tai licu
k¥ thuat hien nay cua robot cho thiy. dai stic nang clia tay may thay doi
rat rong, (w00 dén hing ngan kilogam. Hinh 3.1 ¢ho thay robot <6 stic
nana dud 100 kg chiem da s0. Cac robot ¢é sie nang dn thuong ding he
truyén dong thuy luc va dién, trong dé ty [¢ dung dong co dién ngay cang
tang. Truyén dong khi nén cho dén nay vin duge ding nhiéu trén RBCN,
nhung ch yéu vdi cdc robot cé ste nang dudi 40 kg.

Béi voi mat s6 kicu robot, ngoai stc nang ngudi ta con ¢6 thé quan tam
dén luc hode momen [6n nhat ma ¢dinh tay hoac ban tay ¢6 (he sinh ra.
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5.1.2. S6 bac tu do cua phan cong tac

D6 1a téng s6 cdc toa do ma phan cong tac c6 thé dich chuyén so vdi
than robot. S6 bac tu do cang 16n thi hoat dong cua robot cang linh hoat,
nhung diéu khién né cang phuc tap. Hinh 5. 2 cho thay phan 16n robot c6
4-5 bac tu do.

30 bt 55 ° 334
25 ____________________________________ w _______________________________
1o T S | | S, PY ) CUTYURRURSINN i DU - - POPRIPRI
15 ---------f--f--¢---------------------- Pl || PR - NN v, A ———
10 - 1FgNgR-- Y R - N (o IS SN
) . 5 3
- "E N j E """""""" I SO e DN S OO S (N 7 I
0 [al FE . rﬂﬂj & ..
v = 2 8 o ks S I e S B R
vov v % . sl
=l 3 4 3 6 =7

[OBién @ Thyy lue OKhinén S Téng|

Hinh 5..2: Phdn bé robot theo
§6 bdc tw do

Hinh 5. 1: Phan bé robot theo siic

ndng

Trong co hoc da cé cong thic tinh s6 bac tu do DOF cua mot chudi
dong hoc, nhu sau:

DOF = 6n - 5k, - 4k - 3k;- 2k, K,

trong d6, n 1a s6 khau chuyén dong dugc; &, k,, k;, k,, ks 12 s6 Khép

bac I, I1, III, IV, V. Co cau phang chi ¢6 cdc khdp bac IV va bac V, nén:
DOF = 6n - 5k, - 4k,

Néu chubi dong hoc 1a chudi hd (cho dén nay van duge dung pho bién
trong tay may) thi so khau bang s6 khép, nghia lan =k, + k, + k; + &, +
ks, nén:

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

Néu la chudi vira hé, vira phang thi:

DOF =k, + 2k,

"Khép bac I, I, 111, IV, V, ¢6 5, 4, 3, 2, | kha ning chuyén dong.
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5.1.3. Vung cong tac

Khi ndi den viing cong tac cla tay may, ngudi ta quan tam dén ca thé
tick (iinh biang m’) va hinh dang cua né. Hinh 5. 3 cho thay ving cong tde
cua tay may khong chi phu thude vie két cau co khi ma ca trinh 1w
chuyen dong coa cac khau.

@

FETa 43 rupsn Jang criee Vi cu ket cdu cua fay may
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khdng man
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™,
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e
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I

Flink 5.3 Vg cong tde cria tuy mdy (Q: khap quay, T: khdp traor

Mot thong s6 khac lien quan dén vimg cong tic cha tay mdy [a wdni v
cua canh tay. Tiang am voi s¢ gay nén sy mat én dinh cia tay may khi
lam vi¢e. Su phin b cua robot theo thé tich phan cong tic va theo tam
vOi dugic the hicn rén hinh 5. 4.
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Hinlt 5.5: Phdn ho'robot theo do chind xae dinl vi
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Tuy theo véu ciu cong nghé, ngudi ta dung cde robot ¢6 do chinh xic
dinh vi trong khoang #0005 = 5) »on. Hinh 5.5 cho thady 70% s4 robot
¢ s osO dinh vi khong qua £1,0 sine. V6 khid nang cua mdy tinh va cédc
thi¢t bi diéu khién hién nav thi viée gidm sai sO dinh vi xudng .05 mm
Kheng gay van dé vé kinh & va k¥ thoat.

5.1.5. Toc do dich chuyén

Xét vé nang suat, ngudi ta mong mueén toe dé dich chuvén (thang hoac
oGe) cta phan cong tic hoac cta ting khau cang cao cang tot. Tuy nhién,
xél vé mat cd hoc. 16¢ do cao s€ dan dén nhiing vian dé, nhu giam tinh on
dizh. lge qudn tinh 1dn. sy ke mon nhanh cac co cau.... Xét vé mat dicu
khien, vdi do phan giai nhit dini oia bo diéu khién. mudn 1ang toc do
dich chuyén ¢6 the phai giam do chinh xdc dinh vi. Vi vay, vin dé chon
toc do dich chuyven hop 1y ludn ludn phai duge dal ra khi thiét ké ciing
ohu hre chon robot.

Cic bo didu khien va hé théng chdb hanh hién dai cho phép néing 16c
do dicu khicn téi hang trdm mét/phiit nhung. nhu wrén hinh 5.6 cho thay
phan 16n robot ¢é 16c do dich chuyén 161 da trong khoang 100 = 1000
mais {6 =06 miph}.
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Hink 5. 6: Phan b6 robot theo 160 d6 dick chuyén ciia phdn cong tde



5.1.6. Pac tinh cia hé di¢u khién

H¢ dic¢u khién anh huong ral 16n dén tinh 1151151 cua robot. Khi chon he
diéu khién, ngudi ta quan tam dén cic kbia canh saw:

5.1.6.1. Kiéu diéu khién

C5 hai kicu dida khién hav ding nhal cho RBCN, d6 [ dién khien
diém - diém va dieu khién cononr, Diéue khién dicm - diém duge dung
cho cic robot hin diém, tin dinh. van chuvén... Diéu khién contour van
nang hon, song truede day duge dung it hon vi phat st dung he thong dicu
khi¢n phitc tap va dat tién. Ngdv nay, nhd su phdt trién cia k¥ thuat di¢u
khién s6 ¢6 tro gitip clia may tinh, nd duge dung ngay cang phd bicn,

5.1.6.2. Dung luong bo nho

Bo nhd trén robot hién dai thudmg dude chia tam 2 foai: bo ahid hé thing
vit b6 nho chieomg trink, Bo nhd hé thong ding dé luu tr cdc phdn mém hé
thong. phidn mém cong dung chung, nhu hé diéu hanh, dit lieu mdy, cic
modul chueng trinh tinh toan dong hoc. dong hre hoc.... Bd nhé chuong trinh
dé Juu trit cdc chuong trinh (ng dung cla ngudi ding va cée dit licéu lién
quan. Thutmg thi bo nhd chuong trinh 14 RAM, ¢4 dung luong han ché nén
dung hiong cia b nhd chiong wink Ta mot thong s6 k¥ thudt déng quan
tam. N6 ¢6 thé dugc tinh bang kB hoac bang s (ir, s6 cau lénh.

5.1.6.3. Giao dién vdi thiét bi ngoai vi

Cdc thiét bi ngoai vi c¢6 thé 1a cdc thiét bi cong nghé ma robot phai
phuc vu hay ciing lam viéc, nhuy mdy cong cu, phuong tién van chuyén,
thiét bi do,... hoc cdce thiét bi luu trif, hién thi, in dn,... Phan 16n cic robot
phuc vu trong day chuyén san xuat ¢ kba nang néi ghép trong hé CIM
théng qua giao dién va mang truyén thong chudn. R

5.1.6.4. Cdc tién ich

D6t vai céc thiét bi duge dice khi¢n bing may tinh thi cdc tién ich ia
rat quan trong. Pé co thé 1a tién ich lap trinh ¢6 trg ghip d6 hoa, hé théng
dayv (teach-in), mé phong....

Bo thdng s6 k§ thuat chinh coa cdce robot thuong mai thudng duge cic
nhi ché tao cung cdp day dil trong cdc catalog. Trong mot s6 s tay cling
cé cdac ban théng ké v¢ thong s6 k¥ thuat cla cdc robot do'cdce hing 16n
trén the gidi san xuit.



SOTHNTT KRG VA TO HOP ROROT
‘521 Cac nguyén tae chung
Y ed ban, thict k& robot cling tuan theo nhitng aguyén tac chung cla
vier thicdd ké may. Ching ta s@ i dung cde nguven 1ac dd vio déi teong
cu the 1 sobot,
3.2.4.1. Xuat phat tiw véu cdiun cong nghé
Mai robot deu duge thict ke v che tao dé true ucp thue bien hoac
phue vie cho mot qud trinh san xudt cu the, Vivay, cée thong so k¥ thuat
cvie robot phedt didp gng veu cau cta ngeveén cang cong nghd. Vi du, robot
hin ho quang phai ¢6 khd nang di chuvén que hitn theo dudng han dinh
rse: eo e do di chusvén cuz phan cong tac (kep que han) phai phit hop
ved chedo hians ¢f khid naog wr dicu chinh d¢ duy ti khodng cdch vi pac
nehicng cun gue haie so v6! b mat vat hin: phii ¢6 co citu ty dong cap
day him... Robot {ap rip phai ¢d kha nang nam duoce vat. & chuiodn v dan
nd ding chd can lap va thue hién thao téc fap ua. ddy, kep....). Chiing
can <o de chinh xde dinh vi cao hoac duge trang bi 1ié didu khién thich
zi'ghi dé nhan bidt vi trf ctia vacJap va we déng lua 16 theo tinh huéng.
3.2.1.2. Pém hao su dong b he théng
Robot nhat lam viée trong hé théne cong nghé ciing véi ¢ic thiét bi
kit nen chiong phat phoi hep nhip ahdng véi nhau, Vi du, robot phuc vu
(ehuner, ga phoi va thay dune cu) cho midy cong cu. khi nhan duoe tin
hrcu gia cong xong chi tet phal 1de dong ma kep, nhat ¢hi 118t bo lén
bitng i nhie phai fr bing tai khde dat vao oo cau hep, kep phoi, 1t ra
Rhoi vimg giacéng, phidt tin hicu kep xong dé cho phép miy cong cu fam
vico. Nlor vay. trang thdi [dm vige cta mdy, robot, cde bang tii... phii
duce thudmg xuven eidm sdt, dicu khicn dong bo véi nhau, S true (ric
trone phai hop s& gdy 16 loan va nguy higm.
5.2.0.3. Chon két riiu dien hinh
Kt Kot cdu [ mot nguvén (4c co ban cta thidt k¢ may. Khi thict
keydu cd ¢ hay khong, it bay nhiéu. ngugi thict ke cling phai k& hir két
cire ndio dé. Pién hinh hod két cau 1 sy k¢ thia kél can mot cdch ¢o ¥
thite vii o6 15 chite bang cdch hé thdng hod ket e, té chitie k& cau thinh

cie shom dicn hinb. Cong vide cla nguoi thict k&€ 13 chon k& cau dién

Z

Wit hicu chinh ching néu ¢in v 18 hop nd vivo hé 1hdne. SU dung két
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cau di¢n hinh 1am cho qud trinh (higl k€ va ché tao duoe don gian. nhanh
chong. chat luong vi re (ién. Thiét k& robot theo phueng phap to hop
modul (s& duge trinh bity o philn sau) 12 dang phét trién cao cla su dién
hinh hod két cau.

5.2.1.4. Bdm bao s hoda hop gifta robot vai moi truong

Neuven tac nay dam bao s lam viée ¢d hiéu qua, tin ciy, an 10idn, bén
faw cua robot. No tinh dén nhict dé moi truong, do am. luong khi hoac
chat gay hal, mat do bui. mic dé rung dong,... C6 2 bién phip dam bao su
hoa hop gilta robot vé&i mot trwdmg. Bicn phap thd nhit 12 cai tao moi
trusmg. nhu dice hoa khong khi, loc bui. Joc doc. céch 1y d¢ chong rung.
Bién phap niay kém hi¢u qui khi pham vi lam viée cia robot rone, vi du
trong phan xuong. trong him ma.... Khi d6 ngudi ta d[u'lg_ bién phap thiv
hal. 1d bao v¢ robot hoidc ¢ic bo phan cia nd khoi tdc dong ¢d hai cia moi
truong. vi du bao kin cdc khai didu khién: [bm mét cuc hé cie bo phan
phdt nhier hoie (ang kha ndng chiu nhiét ctua ching. Nhi¢u khi phgi hop
cde bign phip ¢6 thé mang lai hiéu qui cao.

5.2.1.5. S hoa hap girva robot vei nguot diong

126 la tinh dén sy tdc dong cta thiét bi dén tam, sinh 1y clua ngudi
dimg. Ngav nay. nguéi ta bay ndi dén quan hé "than thizn” gira mdy mace
vat ngudi ding. N6 la kél hep clia cde nganh khoa hoc. nhu tam sink 19
fao dong. nhan mac hec, 16 chite lao dang.... Sur hai hoa 46 the hién & hink
dang. kich thudce. vi tri. maw sic, am thanh,... mi con ngudi cdm nhan khi
Li€p xtic véi thigl bi. C¢é mat nganh khou hoc, nghién citu vé cdc giai phap
thi¢t k& dam pdo sy hodt hop etlia may méc v con ngudi, goi |2
Ergonomics. Dac tinh thé hién tink phit hop gitta thiét bi va con nguoi
ducce goi la tah ereonamic.

5.2.1.6. Thiét ké vo dinh hadng san xudt?

Nguyen tac nay ndi vé tind cong nghé caa k&l cau. Pinh hudng cia nd
Ja thict k¢ ra ket ¢l sao che vide eb€ tao no duge dé dang nbhat, ré tién
phat. Chi ti¢u ciia Uni cong nghe 1 chi ticu kinh (&8, nhung bicu hién ¢Ga
nd rat khic nhau, tuy thuoe diéu kién sin xudl cu thé. Chinh vi the,
nguyen tac ndy con co én b 1thict ké dinh huomp phan xidng (Workshon
Oriemted Destgn).
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5§.2.2. Cac cong viéc phai tién hanh khi thiét ké robot

Robot [a thiét bi rat phitc tap, nén thiét ké va ché tao né 1a cong viée ¢d
tam ¢ quic gia cla cac nganh hodc cde hing céng nghiép I6n. Riéng
vi¢e thicét k¢ robot doi hoi khéi lwgng cong viée rit ién, da dang cila cic
tap the cdn bo thiet ke ¢6 trinh do chuyén mon cao. Thudng cdc tap thé
dé duge ldnh dao bdi cac tong cong trinh su, chiu trach nhiem thiét ké
hé thong va diéu hanh chung va cdc nhom can bo thict k& chuyén
nganh, phu trich cdc hé thdng riéng biét, nhu co khi, thuy luc, khi nén,
diéu khién va truyén dong dién,... Trong bdi canh giao luu kinh t& vi
k¥ thudl mang tinh toan cau nhu hién nay, khéng mdy khi ngudi ta
thi€t k€ va ché tao cdc thiét bi "tr A dén Z". Tuy nhién, dé ban doc
hinh dung mot cdch tong qudt qud trinh thiét k& robot, chiing 10i néu ra
cdc ¢ong viéc can 1am nhi sau;

1. Phan tich qud trinh cong nghe dé xédc dinh khau ndo cin phai st
dung robot. chii ¥ dédc biét cdc khau sir dung laoc déng chan tay hoidc diéu
kien lao dong khic nghiét. So bo ddnh gia khit ning va hiéu qua cla viéc
sur dung robot vao cdc khan do.

2. Nghieén citu cdc thong s¢ k&t ¢du cua doi tugng du dinh sé xr 1y
bang robot, nhurr hinh dang, kich thudc, khéi huong, trang thdi vat 1y
(cting, mém. 16ng,...), su phan ba Khéi lugmg cha tai trong, ...

3. Nghién citu dicu kién méi trudng st dung robot nhu nhiét do, bui,
rung doéng, khi nang gay chdy né....

4. Xdac dinh cdc thong s k¥ thuat chinh cua robot theo yéu cdu cong
ngh¢. Tu @6 tinh todn céc chi tiéu kinh t& - k¥ thuat, iua chon phuong dn
thi€t ké hop 1¥ vé mat k¥ thuit va kinh t€.

5. Phan chia k€t céu thanh cdc cum co cau chinh. Xdc dinh cum nio cé
san trén thi trong, ¢é thé mua duge; cum nio ¢é thé sir dung thiét ke da
¢6; cum nao phai thi¢t k& va ché tao méi hoan toan. Phan chia nhiém vu
thi¢t k€ cdc cum cho cdc bo phan chuyén nganh.

6. Té hop h¢ thong. thir nghiem wén mo hinh. Trong giai doan nay nén
su dung k¥ thuat moé hinh hod trén mdy tinh dé giam chi phi va thai gian
tha nghiém.

7. Ché thir. thir nghiém robot trong phong thiét k€ vi trong sin xuat.
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&. Pinh gia két cau vé tinh ndng ky thuit. cong nghé ché tao, kinh t¢.
Tir dé dé xuat cac bién phdp hoan thién két cdu va cong nghé ché tao
robot.

Trong mdi burde thidt k€ cao chid v tham khao cdc mau robot da co
hodc fim mua cic cum chitie nang ticu chudn, ¢d sén trén thi trudng. Cing
can hét stic quan tam dén dicu kién ché€ tae cde cum két cau maon. Tuy tinh
hinh cu the, mot s6 bude ¢6 thé 1a khong cén thiét hode trinh i thuce hién
chiing ¢6 thé thay doi.

5.2.3. Thiét ké robot theo phuong phap to hep modul

Phuong phdp 18 hap theo modul duge dp dung trong thict k& va san
xuit may mdéc ndi chung, Phuong phdp nay dac biét ¢é hizu qua déi vai
cdc san pham thong dung, nhu 6 t6, mdy cong cu, robot,... Ban chit cla
phuong phdp ndy 1a t6 hop thiét bi tir cdac cum két cdu ¢6 cong dung
chung, nhu than, co cau phdt va truyén luc, phén ¢ong tic, phin diéu
khién.... Ching duge noi ghép va truyén nang luong hodc thong tin cho
nhau nho ¢dc chi tiét ndi ghép nhanh. Mudn thiét k& va san xuat robot
theo phuong phap 16 hop modul thi céc cum két cdu phai duge thong
nhat hod, tiéu chudn hoa. Vi vay, thiét k€ theo phuong phép t6 hop modul
gan lién v6i theng nhét hoa, tiéu chudn hod két cau.

Phuong phép 6 hgp modul ¢6 céc vu diém chinh sau:

- (Giam thdi gian thiét k& va ché tao, vi st dung cdc ban thiét k¢ hoac
cdc cum ché tao ¢é san trén thi trudng. Nhicm vu cla ngudi thiét ké méi
chi 12 chon va t8 hop ching theo yéu cdu thuc € va ché 130 b6 sung céc
chi tiét phu.

- Thod man céc diéu kién lam viéc tiéu chudn vdi két cdu don gian, s
dung dugce cac gial phdp kél cdu 161 vu, it pham phai cdc ket ciu va chic
nang thira. Khi thay déi véu cdu cong nghe. vi du khi cdi tao day chuyén
san xuat, khong nhat thiét phat mua hin robot méi ma ¢6 thé thay déi, bo
sung mat s& modul cua no.

- Ning cao chat lugng va dd tin ciy cua thiét b, vi cdc cum ti¢u chudn
duoc ché tao vai chat lugng cao, duge thiy nghiém tai cdc cd sd chuyén
mon hod, ¢6 kinh nghi¢m, dugce diu tr day da cdc thiét bi gia cong va thu
nghiém chuyén dung.

- Giam gia thanh thiét b, vi cdc cum duge san xuat voi tinh loal cao.
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- Vi cidc modul clia robot duge chuin hod cao nén nhidy robot s& sir
dung chung mot s¢ it modul giong nhau, tao dé dang trong viée hao
dudng. bao tri. st chia, thay thé chiing sau nay.

Nhuge diém co ban cua phuong phip té hop modul 13 khé thoa mian
Cac Véu cau ca biét. C6 mot so truémg hop lam cho thist bt ¢cong kénh.
niang né. tinh nang k¥ thuat khong hop 1y. Mat khdc. phai ton kém pat
nhtéu cho vige thong nhat hod, ticu chudn hos két cau.

Su thong nhat hod. ticy chuin hog k&1 cau nham giam s ching ioaj
san pham, nén [uon tuon mau thuan vdi tinh da dang trong két cau vi i
dung ching. Mat khic, su phat trién khong ngimg trong k¥ thuat thigg ke,
cong nghe, vat licu, k&t cau,... ludn luon ¢ xy huéng pha vo cic ticy
chuan di xay dung. Lua chon chi tieu d¢ théng nhat hod vi tiey chudn
hod Ja viec khé khan. Da; vdit robot, nguoi ta da chon cdc chi tieu sau:

Theo tinh ndng, nguoi ta phan robot chia thanh cic “gam” vé sitc
nang, toc do dich chuyvén, tam véi. d¢ chinh xdc dinh ¥i.... Mot sa tinh
nang khong the thay doi. mat 6 khic 6 the thay déi trong noi bo gam.
Tuong tu, ngusi ta cing phin nham robot theo kidu diéy khién, vi du diéu
khign di¢m - diém. didu khién comtony.

Theo chiic ndng, neuoi ta thong nhat hod. tigu chuan hod cdc cum
chic o ban nhu cum chuyén dong thang, chuyén dong géc, phin cong
tdc. hé diéu khien. h¢ chdp hanh, thict bi do,... Chiing ta ¢6 thé fim thiy
hong so k¥ thuat cua cde cum 11¢w chudn trong cdc 56 lay. Mot cum chie
nang phai ¢6 vai tro doe {ap nhat dinh, dong thoi phii ¢6 tinh van nang. Vi
du. b didu khién can ¢ kha ndng {am vide véi he chdp hanh dién co, thuy
Iuc, khi nén: 6 the nhan tin hicu t#r cic logi sensor khic nhau. Tay ¢4 thé Lip
va lam viee véi cde loai thiét bi kep khdac nhau,

Theo cong nghe, nguoi ta théng nhat hod va tiey chuin hod diéy Kién
st dung rohot, vi du robot hin, son, rebot phuc vu day chuyén san Xuil....

MOt sa vidu dién hinh két cay 16 hap modul ¢6 thé thay & robot MHL/
Senior, MIIU Junior, MH{; Minior cua hing Electrolux (Thuy Dién);
MHIL/-500 clia hing Bosch (Phip). Robitus RC cha Misubishi (Nhat).
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Hinh 5. 7: Cdc robot kiéu
Robitus RC duoce 16 hop tir
cdc modul cting kiéu

(a)

Trén hinh 5.7 (a) va hinh 5.7 (b) 1a hai robot khdc nhau thuoc kiéu
Robitus RC. Robot thi nhat duge dat ¢6 dinh trén nén, cdnh tay chuyén
dong lén xuong, viing cong tdc la mot phdn hinh cau. Robot thit hai kicu
cong, cdnh tay duoc treo va chuyén dong tren ray, viing cong tdc ¢6 dang
hinh chir nhat. bi¢u dang chd v 1a modul cdnh tay va toan bo hé thong
truyén dong thuy luc va he thong diéu khién lién quan déu cung kiéu.

So d6 t6 hgp trong hinh 5.8 cho thay su phong phu va da dang hon clia
cac phuong dn t6 hop modul. Tir mot s6 modul: cdnh tay 1 voi co cau
chuyén dong qua lai, co cau quay canh tay lén-xuéng trong mat phang
thang ding 2, co cau nang ha canh tay trong mat phing thang ding 3, co
cdu xoay 0 tay lén-xuong trong mat phang thing ding 4, co cu xoay ¢4
tay trdi-phai trong mat phang théng ding 5, phén cong tac 6 va cic modul
than, gid (8 +10) ¢6 thé t6 hgp thanh cdc robot Robitus RC khic nhau:
robot ¢6 dinh, than quay, c6 2 canh tay gat git (a); robot di dong trén ray,
than quay, mot cdnh tay lén xudng (b); robot di dong, than quay, mot
canh tay lén xudng va gat gu (c); robot treo, chuyén di dong trén ray,
mot cdnh tay (d); robot ¢6 dinh, mot canh tay gat gu (e); robot ¢& dinh,
than quay, mot canh tay gat gu (f). Phuong n cudi cling tuong tmg véi-
mau robot trén hinh 5.7 (a).
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Hinh 5. 8: Cdc phirong dn 6 hop modul cua robot ho Robitus RC

Cic robot ho Robitus RC ¢6 thé dung hé truyén dong khi nén, thuy
lyc va hé diéu khién mot, hai hay 3 toa d6.Tuy theo bo diéu khi¢n va
truyén dong ma tai trong clia ching c6 thé la (15 = 55) kg, do chinh xac

dinh vi 1a #0,1 mm hoac #0,2 mm.

Trén hinh 5.9 (a) 13 bon phuong dn t6 hop robot véi cac hé toa do Dé-
cdc, tru, cdu tir 12 modul khéc nhau. Tir cac mii tén trong so do ching I{a
¢6 thé nhan biét chitc nang ctia timg modul va trinh tu t6 hop ching. Hinh
5.9 (b) 1A mot mau tuong tng véi mot trong nhiing phuong an t6 hop néi

trén (phuong dan d).
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Hinh 5. 9: Cac robot
Robitus RC diioc 16
hop nr cac modul ciung
kiéu

5.3. MOT SO KET CAU PIEN HINH CUA ROBOT

Pé minh hoa cdc tr tuong chung vé thiét ké robot da trinh bay & trén,
dong thoi gitip ban doc hinh dung duoc phan nao vé két cau clia robot, ké
thira ¢6 chon loc ching khi can phai thi¢t k& robot, phan nay gidi thiéu
mot s6 két cdu dién hinh cua cdc robot do cdc hing khdc nhau trén thé
gi6i san xuat.

5.3.1. Robot ¢6 dinh trén nén, dung hé toa do Pé-cac va toa do tru

Dang don gian nhat thuoc nhém nay 1a robot ¢é canh tay chuyén dong
teén 1ru dan hicong cong xén. Mot trong nhimg dai dién ctia nhém két cau
nay la robot MP4 cua Lién x6 (cti). D6 1a loai robot dién-co véi so do
dong dugc biéu dién trén hinh 5.10.

Trong than 1 cta robot chifa co ciu nang tay va quay né xung quanh
truc thing ding. Chuyén dong quay duoc phat dong tir bo dong co-giam
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toc 3, qua cap banh rang 5 - 4. Banh ring 4 gan iién voi ong 6 va tang
trong 7. G6c quay cua tang trong va cta cdnh tay duge giam sat nho cap
sensor khong tiép xuc 8. Xilanh khi nén 9 ¢6 tdc dung dinh vi chinh xac
vi tri goc cua cdnh 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. Cinh
tay duogc kep va lén xuong theo ong nay. Canh tay ctia robot co dudi dugc
nho doéng co 10, cap banh rang - thanh rang 11. Vi tri theo huéng Kinh cua
canh tay dugce giam sat nho sensor khong tiép xdc va cac "co' gan tén cac
ranh chr T cta tam 12. Piém dimg chinh xdc cla cdnh tay dat dugc nho
xilanh khi nén 14. Robot dugc trang bi bo diéu khién chu trinh.

Hinh 5.10: So do dong cia robot MP4

Vi co cau nang canh tay kiéu cong x6n nhu mé ta & trén, khoang dich
chuyén clia canh tay theo phuong thang ding bi han ché boi chiéu dai
dan huéng thuong nho. Vi vay né duge ding cho cdc robot nang chuyén
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don gian, lam viéc trong hé toa do vuong goc hoac toa do tru, dung
truyén dong khi nén hoac dién - co va bo diéu khién chu trinh don gian.

Dé khac phuc khuyét diém cua co cau nang cdnh tay néi trén, canh tay
dugc gdn trén ban tricor (hinh 5.11). Tru dan huéng tua 2 dau cho phép
nang chiéu cao ving cong tac téi 2 m, tai trong / = 1000 kg, s6 béac wu do
3 +7. Robot thuéc nhém nay dugc san xuat tai hau hét cac nude 1on trén
thé gidi, vi du Lién x6 c6 P®-1001 C, UTOKAP, PKT®b; Bulgari cé PB-
231, Pb-232, Pb-233; Hungari c¢6 IR-51; Balan c6 HM-3, MP-25; My ¢6
ho robot Versatran; Nhat ¢6 MHY Junior, Versatran E-302,
UMI320PT.... trong d6 ¢6 thé coi ho robot Versatran clia hing AMF
Versatran Automation System ctia My la dai dién vé két cau. Ching dung
hé¢ théng truyén dong co khi - thuy luc. Chuyén dong quay quanh truc
thang ding dugc thuc hién bdi 2 xilanh thuy luc va truyén dong xich.
Chuyén dong thang dimg cua ban truot ciing do cic xilanh thuy luc dam
nhiém. Hé truyén dong cho ban tay (quay, truot, gap va nha vat) duge dat
trong cdnh tay. Tuy theo yéu cau sir dung, chiing ¢6 thé dugc trang bi cdc
loai diéu khién khac nhau. Loai don gian nhét trong ching chi luu trir
duoc khoang 20 lénh; loai hién dai hon cé b nhé trong md rong, cho
phép sur duhg chuong trinh con va céc chu trinh chuan.
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Hinh 5.11: So do két cdau robot voi canh tay gdn trén ban tricot
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Mot dang khéac thuoc nhém nay la cdc robot cé cdnh tay gdp. D6 1a
san pham cta cdc hang Nagoya Kiko, Icnikon Industries, Tokyo Keiki
(Nhat). Trén hinh 5.12 1a so d6 dong hoc ctia robot MATBAC IRB-10 do
hang Tokyo Keiki san xuét. Trén than 1 lap cdc h¢ thong néng ha va quay
gid canh tay 33. Canh tay gom 2 khau (22 va 25) dai nhu nhau, noi véi
nhau bang khdp tru va truyén dong qua nhau bang xich. Goc quay cua
khau bi dong 22 gip doi géc quay clia khau chu dong 25 dé duy tri phuong
chuyén dong ngang ctia phian cong tac. Phuong nam ngang cta ban tay
dugc duy tri nhd co cau binh hanh, gém cdc khau 22, 25 va cdc thanh noi
21, 28. Trén dau mit khau 22 gan gia 20 cla c6 tay va ban tay. Pong co
thuy luc 15 quay c6 tay. Pong co thuy luc 19 tao chuyén dong ra vao (kep,
nha) ctia cac ngoén tay. Chuyén dong nang ha gid 33 do dong co thuy luc 34
dam nhan. Co cau quay gia 33 gom 2 xilanh thuy luc 2 va bo truyén xich 7.
Xilanh thuy luc 35 thuc hién viéc co dudi canh tay. Cic cam bién 12, 32,
37 dung dé gidm sat vi tri cta ban quay 10, cdnh tay 25 va gia 33.

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

Céc robot ¢6 thé duoc trang bi bo diéu khién TKC-10 cia hang Keiki
(Nhat) hoiac RC-7000 (Thuy Pién). TKC-10 Ia bo di¢u khién vi tri, dung
tin hiéu tuong tw. N6 c6 thé diéu khién dong thoi 2 toa do. RC-7000 la bo
diéu khién s6, ¢6 thé diéu khién dong thai 7 toa do, bo nhd ¢6 thé chita 250
+5000 lenh. N6 ¢6 20cOngvao va ra dé noi ghép vai cac thiét bi ngoai.

114



5.3.2. Robot ¢o dinh trén nén, dung hé toa do cau

Trong hé toa do cdu, dé dich chuyén ban tay theo phuong thang ding
can phoi hop 3 chuyén dong: tinh tién cang tay theo hudéng kinh R, quay
canh tay quanh khdp vai trong mat phang thang ding mot géc a va
chuyén dong quay cltia ban tay quanh khép co tay dé bu goc quay a.
Muon chuyén dong theo mot quy dao bat ky, thudng robot phai ¢6 t6i 5 +
6 bac tu do. Ciac robot UNIMATE cua hang Unimation Inc (My) la dai
dién dién hinh cua loai robot ndy. Hang da san xuét trén 10 mau co sd dé
thuc hién cdc nhiém vu khdc nhau trén day chuyén san xuat. Ngoai ra
nhiéu nudc da san xuat robot toa do ciu theo thiét ké ctia Unimation Inc.

Hinh 5.13: So do6 két cau cia robot Unimate Mark 11

Trén hinh 5.13 la so do két cau clia robot Unimate Mark I1. N6 ¢6 5 bac
tu do. Canh tay dugc gan trén tru 31, quay quanh truc thang ding nho
xilanh thuy luc 18. Xilanh thuy luc 17 tao nén chuyén dong lac (quay) clia
canh tay quanh khdp vai. Xilanh 30 tao chuyén dong ra vao (hudng kinh)
cua cang tay. Xilanh 13 thong qua bo truyén xich 14 tao chuyén dong quay
cla ¢6 tay quanh truc. Chuyén dong quay cé tay trong mat phang thang
dimg do xilanh va bo truyén xich dat trong 6ng cang tay thuc hién.
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Hinh 5.14: So do két cau cua robot Coat-A-Matic

Mot phuong dn két cdu khdc cua robot dung hé toa do cau la canh ray
nhiéu khdau. Uu diém cha két cdu nay la gon, c¢6 ving lam viée 16n.
Ching thudng st dung tryc ti€pdong cochuyén dong quay, nhung mot so
van dung cdc dong co chuyén dong thang keém theo co cdu bién doi
chuyén dong nhu xich, thanh rang, don,... d¢ tao chuyén dong quay cua
khau bi dan. Nho vay, bo phan cong tac van gitt duge chuyén dong thang
trong khi cic khau din chuyén dong quay. Co ciu nhu vay dugec dng
dung trén robot phun son COAT-A-MATIC ctia hang Retab (Thuy Dién).
So do6 két cau cua nd cho trén hinh 5.14. Robot ¢6 6 bac tr do. Mam 16
quay quanh truc thang ding nho xilanh thuy luc 18. Céanh tay lién két véi
mam qua khép quay. Xilanh thuy luc 21 ¢6 mot dau gan véi mam quay
qua tam noi 20, dau kia gan vdi khau 8 thong qua chac 24, tao chuyén
dong lac lu cho khau 8. Chuyén dong quay cua khau 28 do xilanh thuy
luc 9 thue hién. Chuyén dong lac cla ¢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 sting phun son quanh truc con lai. Trang thdi cua hé thong dugc
giam sat nho cac sensor ki€u chiét ap 2, 4, 5, 7, 15. Trén robot dung bo
diéu khién contour. Viéc lap trinh duge thuc hién bang phuong phip day,
nghia la ngudi van hanh dich chuyén dau phun theo quy dao can thiét. bo
diéu khién nhdé lai quy dao dudi dang chuong trinh. Lo xo 11 gilf vai tro
can bang, gitp cho viéc dich chuyén dau phun bang tay dugc dé dang.

5.3.3. Robot treo

Cic robot treo dugc lap va chuyén dong trén cac dudng ray trén khong.
Uu diém co ban cta chiing l1a khong chi€m dién tich san xuat, it can tro hoat
dong cua cac thiét bi khac va c6 vung lam viéc rong. Caic robot treo co thé
van chuyén nguyén vat liéu, thiét bi trong timg phan xuong hoac giita cac
phan xudng. Ching c6 thé phuc vu nhiéu thiét bi khic nhau trong day
chuyén san xudt. Chiing ciing c6 thé duge dung vao cic cong viéc lap rap,
rita, phun son, han,... Theo s6 phuong chuyén dong clia tay, c6 thé phan cdc
robot treo thanh 2 loai: robot chuyén dong theo mot phuong (ki€u palang) va
robot chuyén dong theo 2 phuong (kiéu cau truc).

Robot CM40d2.80.1 (Lién x6) la dai dién dién hinh cua robot ki¢u pa
lang. N6 duoc thiét k& dé phuc vu cho 60 ki¢u mdy gia cong kim loai ¢6
truc chinh ndm ngang, bd tri theo moét hang hoac hai hang song song. So
dé6 dong hoc ctia robot CM40®2.80.1 dugce cho trén hinh 5.15.

Hinh 5.15: So do dong hoc cua
robot CM40®2.80.1
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Canb tay cua robot dirge gan tren gid 1.ocd the di chuyén 11'(‘11 ray lrong
khoang 12 m nhé dong ¢ bude thuy lue Mi, hnp glam toe 2 cap vi co
ciw banh rang - thanh rang. Tharh rang duge gan trén thanh ray 11, Khau
dan 3 va khau bi din 3 cia cdnh tay chuyén dong nhiy cic dong cu bud
thuy fye ¢6 Khuyéeh dai thiy Tye M2 v M3, thong qua hop giam toc mal
CAp va cde cap vit me - dat o0 bl 9-10 33 8270 D6 1a cice chuvén dong
quay. lac lu quanh cdce trac 2 30 6. Trorg cic hap gidm 10¢ ¢ cic Iv hep
dien - n EMIE va EM2 de phanh cde co cau khi ngit dome dién cung ¢ap
cho dong co Hiu lue 4 vai xilaph thuy lue XL tao chuvén dong quay
ClEL CO 2y,

Robot CMAND2.RO.T dirse trang bj bo didu khicn YIIM-331 vai dune
twong bo nha 7.5 B8 Tap irinh bang phirong phdp day.

Robot Kice cau true o tam hoat dong. do ciing vitng vit site nang caor
hou ki¢u palang. Tuy nhidgn, K31 cau cdn e cong kénh v phdi gin lidn
val nha xieong. DS them piot kha ndng chuyén dong cho robet cdu e,
can ho sung mot e truyén dong. Ngebi dicu d6 v, kSt e cua phan tay
may khong ¢ g thay doi se véi robot kién pa lane,

5.3.4. Rnhul ¢6 dign khién thich nghi

Robot ¢d dign Kbien thich nghi feoi tat 1a robot thich nehiy 1 loai
robot ¢4 Kl nang t phan dre mot cach ¢6 1ol trude su bicn dong khong
luong e dude ciia moi trudng. Sy phan dng d6 dua vao cie thong o
do duge cua mdr mrdng, i du el vl Gnhochat vat v coa doi tuong,
hoae dua vao rang thai cua cie o eat trong robot. Trong tnrdmg hop nay.
chuong trinh dicu bhidn ¢hi dinh hadng s ha hoat dang ctia robot. Chinh
RO <G phal " hive ™. thu tip hd sung v chinh xdc hod hoat dong coa
minh trén oo s opban teh tnh trang thue & ctta moi tdng. Nho kha
nang thich dng linh hoat v mal (rrimg mi cac robot thich nghi Yun duoe
nhing viee ma robot thong thudme khonge lum duoe. vi du tim Xidm., nhan
bict dot weng, thay dai lie kop. dinh vi hoac dinh hudng ehi 1idi... Phan
tGn rohot thong thutmy b 1the iy thank robot thich sighi néu thém he
thomg seaser dé€ thu rhin thong tn vi mot trudme, chuong trinh phan tich
thong tn thu dwrge v moquvd dind theo chien luge nhal dinh.

Jinh 5,16 mé a hoat dong cna co cdu thich nghi trén rebot kicu HI-T-
Hand Exper-2 cta hiing Hitachi (Nha). N6 duge dimg dé 18ne 2 chi ticl

tron xoay vini nhaa Hinh 5.10 (s 13 s do chung cla oan e thane thict
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bi lap rap, gébm robot chinh 4 cé 3 bac tu do, dung hé toa do Dé cic va
mot robot phu 7 ¢6 mot bac tu do (quay quanh truc thang ding). Hai
mang 5 va 6 cung cap hai chi tiét can lap. Co cau thich nghi duoc lap trén
tay 3 ctia robot chinh 4 qua 10 xo phang, dang chir thap 2. Trén 1o xo ¢6
dan hé tenzomet dé xac dinh 3 thanh phan x, y, z cua luc ti€p xic gitta hai
chi tiét. Tuy theo ty 1¢ giita cdc thanh phan luc ma chuong trinh di¢u
khién xdc dinh phuong di chuyén cua tay, sao cho tdm truc trung véi tam
16 dé c6 thé 16ng ching vGi nhau (hinh 5.16 (b)). Véi co cau nay, robot ¢6
thé lap bo doi ¢6 khe hd khoang 20 um.

Bat déu iap Di chuyén Lap Hoén thanh

b)
Hinh 5.16: Co cdu thich nghi ciia robot lap rap HI-T-Hand Expert-2

Hinh 5.17 1a so d6 co cdu thich nghi, phoi hop giita thiét bi quan sat
quang hoc va hé théng xic gidc co dién, duoc lap trén robot ETL cla
Nhat. Robot ¢6 6 bic tu do. Trén cdc ngon tay c6 gan cic sensor Xiic
gidc, 1am viéc & ché do 1-0, dé gidp robot tim vi tri va huéng cla cdc vat
trong vung céng tic.
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Hinh 5.17: Co cdu thich nghi phot hop trén robot ETL

Vi uf cla cdc ngén tay khi tiép xdc véi vat dugc giam sat nho cic
sensor vi tri dat trén ban tay, tir d6 xdc dinh kich thurde ctia vat va thay doi
luc kep cua cdc ngén tay. Hé thong quan sdt, gém cdc camera 1, 3 cling
kinh loc mau 2 d¢ nhan biét hinh dang, vi tri v mau sic clia cdc vat trén
mat ban; cdc khoi phan tich: 5 - mau sac, 6 - hinh dang, 7 - vi tri. Khoi 8
tao chuong trinh diéu khién. khéi 9 diéu khién chuyén dong cta robot,
khoi 10 dicu khién ban tay theo tin hiéu xiic gidc.

5.4.CO CAU TAY KEP

5.4.1. Khai niém va phan loai tay kep

Phan cong tac ctia robot rat da dang. Trén cdc robot chuyén diing thi
phén cong téc ciing la thiét bi chuyén dung. Vi du, phan cong tic cla
robot phun son la sing phun son, cua robot han 1a kim kep day han,...
Trén mot loat céc robot van nang, thuong la robot van chuyén, lap rap.
xép da.... thi phin cong tac ¢6 chiic nang nam, giir va thuc hién céc thao
tac khac nhau v6i doi tuong (xoay, lua, dat,...). Bo qua su khdc biét vé két
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¢éu, can ot vio chite nang chinh cita ¢o cau ching ta goi né 1a tay kep'.
Muc niyv s& khong dé cap dén phin cong tdc chuyén ding ma chi néi vé
cucau tay kep.

Cdc doi tugng ma robot phal xut ly rat khdc nhan vé kich thudce, hinh
dang va tinh chat vat 1y, nén tay kep cing hét sic da dang. Yéu ciu co
ban doi véi tay kep la lam viéc tin cay: bat ddng doi twong, gilt chic....
nhung khong lam hong doi tuong, Ngoai ra, né can gon nhe, tic dong
nhanh. Tinh van ning va su gon nhe luon ludn mau thuin v&i nhau. Mot
mat ngudl ta ¢ gang md rong pham vi hoat dong cua timg tay kep. Mt
khdc npudi 1a tao ra bo cac tay kep ¢d tinh nang khic nhau dé ngudi diing
¢6 thé chon tay kep phis hop nhat cho timg viée cu thé.

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

- Theo nguyeén 1y tac dong <6 tay kep co khi, chdn khong, nr'tricdng,
i dién,.

- Theo kha nang diéu khién cé tay kep khong ¢é diéu khién, diéu
khién cimg. diéu khién thich nghi.

- Theo ngudn nang luong ¢4 cdc loai tay kep ¢ ddn dong va khong c6
dan dong.

5.4.2. Két cau cua tay kep

Do su da dang vé két ciu clia cdc tay kep, tai liéu nay khong thé mo ta
hét cic dang két cau ctha ching ma chi nghiér citu két cau cha mot so loai
tay kep dién hinh.

5.4.2.1. Tay kep co khi

D6 1a loai tay kep dé gif, di chuyén déi tugng bang cdc ma kep, mdc,
cang. tam da,...

Tay kep khong ¢é diéu khién ding cac loai mo, nhip, chau.... dé kep
vat nho tde dung cha 10 xo hoac nhe luc dan hoi cia chinh céc chi tiét
trong hé théng (hinh 5.18). K&l ciu cua cdc tay kep loar nay rat don gidn.

" Khi nhan manh su tuong 17 gilta tay mdy va tay ngudii, ¢ thé gol co cu
nay la ban tav (Hand). Nhumg né thuong duge goi la co ciu kep, tay kep :
“JaxsatHoe ycrpoicTae” hoac "Gripper™.
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Ching khong ¢6 nguén dan dong rieng, khong c6 co ciu hiim nén lyc kep
dao dong theo kich thude clia d6i tuong. Vi vay, ching thuoc loar tay kep
chuyén ding, dugc thict k€ cho timg loai d6i tuong cu the, véi pham vi
thay ddi kich thude hep. Do cic dac diem trén, ching dugc ding chu yéu
trong san xuat hang khoi.

v

Hinh 5.18: Tay kep khidng o6 diéu khién

Pé dam bao su lam viée tin cdy va on dinh ngay ca khi ¢6 bi¢n dong kich
thude ctia doi tuong, tay kep duge bo sung co cdu him, vi du nhu co cau
trong hinh 5.19. Nh& co cdu hdm ma tay kep lam viéc van hanh trinh kep,
nha mot cach ranh mach hon mic du van khong ¢6 nguon dan dong riéng.

Tay kep trén hinh 5.19 (a) duge dung véi chi tiét tron xoay. Luc kep
duge tao ra khi dudi tdc dung cua trong lyc, tdim ném 4 tac dung lén mat
nghiéng trén dudi clia cdc mo kep 1. Khi dat vt xudng, ném 4 ti¢n gin
dén vat, hai mo kep duogc gidi phdéng. nha vat do luc kéo cua Jo xo 13.
Ding chi ¥ & day 1a co cau hdm. N6 gém than 7 gén lién véi can 5. Chot
ham 10 gan trén can 12 nhung ¢6 thé quay tu do trén d6. Trong 16 cla
than 7 c6 1éng (khéng quay dugc) 2 bac 8 va 9. Bac 8 ¢6 cdc vau phia
dudi, bac 9 ¢6 vau ca trén va dudi. Cac viu nity, maéi lan an khép va trugt
tuong déi vai cdc vau trén chét 10 € lam quay chot dé 45 do. Trong hianh
trinh nha, than 7 1i¢n gin dén diu 3, chot 10 ticp xdc v6i bac 8. quay 45,
khi di xuéng tiép xtc v6i mit trén cua bac 9 lai quay tiép 45" v bj mac
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trong 16. Hai mo kep bi giit ¢ trang thai nha. Trong hanh trinh kep, sau
khi chot 2 tiép xic vai vat, ddu 3 va than 7 tién gan dén nhau. Chot 10
ti€p xuc vai bac 8, bi quay 45°. Khi di xu6ng, chét 10 lai ti€p xdc véi bac
9, bi quay ti€p 45" nita. K€t qua la chét lot qua duoc ranh va lot ra khoi 16.
Cac mo 1 dugc khoa ¢ trang thai kep.

AL AR A su‘.uﬁ.
i LARARA !

(a)

Hinh 5.19: Tay kep co khi
co co cdu ham

(c)

Tay kep trén hinh 5.19 (b) lam viéc theo nguyén ly tuong tu, nhung
dung d¢ kep cdc chi tiét dang dia, bdnh ring, bac.... trong tu thé thang
dimg. Hai  loai tay kep trén duge ding trong san xuat hang khai, dé
nhac cdc vat tron xoay cé khoi lurgng khong qua 30 kg, kich thude khong
duogce dao dong qua 0,5 mm. Ching dugc coi la tay kep ¢6 pham vi cong
Idc cing.
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V6i 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
thudce 16n hon, tir 7,5 dén 2 mm. N6 kep vao mat tru trong ctia vat nho
mot day bi 2 x&p theo vong tron. Mat con 1, ¢6 géc con nho hon géc ma
sat gilra cac vién bi va vat liéu chi tiét (thuong 5 + 6 do), tao ra luc kep
khi nhdc vat (chuyén dong 1én) va nha vat (chuyén dong xuong).

Pé tang do tin cay khi kep va nha, ¢6 luc kep 16n, pham vi cong tdc
rong, ngudi ta ding tay kep ¢é ddan dong. Nguén dong luc thudng la dong
co thuy luc hoac khi nén.

Hinh 5.20: Tay kep cé truyén dong thuy lice

Trén hinh 5.20 14 so d6 két cdu tay kep c6 truyén dong thuy luc. Hinh
5.20 (a) la hai tay kep, dung chung cum co s¢ la xi lanh thuy luc va hai
cang dan dong. Mo kep c6 thé thay dugc, vi vay c6 thé dung dé kep vao
mat trong hoac mat ngoai clia chi tiét. Két cau tay kep trén hinh 5.20 (b)
cho phép di¢u chinh khoang cdch gitta 2 mo kep.

Trén hinh 5.21 1a so d6 két cdu cac tay kep véi truyén dong khi nén.
Cic tay kep kiéu (a) va (b) c6 mo kep thay d6i dugc dé dung véi cac bé
mat khac nhau vé hinh dang va kich thudc. Tay kep kiéu (c) sl dung co
cdu binh hanh, duy tri dugc do song song gitta 2 mo kep ca khi do mo

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

Thay cho co cdu truyén dong bang cang, tay don,... trén nhicu tay
kep nguoi ta dung co cau thanh rang, trong d6 dudi cdc mo kep ¢6
dang quat rang (hinh 5.22). Uu diém chinh cua co cdu nay la gon.
lam viéc tin cay. Cdc so do trén hinh vé cling bi¢u dién cac dang mo
kep tu dinh tam. Chiing c6 thé lam viéc ¢ 2 vi tri, vi du vi tri kep phoi
va vi tri dua phoi vao mam cap cua mdy tién (b). Két cdu (c¢) cho
phép dinh vi chi tiét tai 3 diém. Su két hop gitta truyén dong thanh
rang vGi don ciing gap trén nhiéu kiéu tay kep. Khi da c¢6 nguon dan
dong riéng, céc tay kep c6 thé duge diéu khién tir chuong trinh, bang
cac lénh nha - kep don gian hoac cac chu trinh diéu khién phiic tap

hon, nhu thay déi khoang cong tdac, lam viéc nhiéu vi tri,...

125



Hinh 5.22: Tay kep sit dung truyén dong thanh rdng

5.4.2.2. Tay kep chan khong va dién - tir

Két cau cua tay kep dién tir va chan khong duoc thé hién trén hinh
5.23.

Cdc tay kep kiéu nay dung luc hat (chan khong hoac tir luc) dé
nhdc va di chuyén doi tugng. Trong mot vai truong hop., ngudi ta con
dung ca luc hit tinh dién. Uu diém chinh cla loai tay kep nay la ¢4 két
cau don gian, c6 the dung véi cdc bé mat hay vat liéu ma tay kep co khi
kho ddp tng, vi du chi tiét phang rong nhung mong nhu tdm ton hoac
giay mong, hinh dang chi tiét phic tap, vi tri cua chi tiét thay doi ngau
nhién,... Tuy c6 nhi¢u di€ém giong nhau, co cau kep dién tir va khi nén
¢6 nhimng dac diém sur dung khédc nhau nhu ké trong bang 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 - tur

Kiéu khi nén

Vat liéu vat kep
Hinh dang vat kep
Trang thai bé mat

| Luc kep

Thoi gian kep

Két cau

Thai gian sir dung
Anh huong dén vat kep

Anh huéng moi truong

Phai ¢6 tur tinh

Bat ky

Khong can nhan

Lon, it phu thudc

Nhanh

S S ——

Bén lau

D& lai tir du, phai khir

Khoéng

Mt phang

Phéi nhan, sach

Han ché, phl;_l." thuoc .d.itf:n
tich tiép xuc

Cham, phai dii dat do chan

dau noi, nguon khi...

Han ché
Khong gy hai vat kep

Gay tiéng 6n |’

@O 2rere
] I o
NezeZ\ )
5 e B
d:mrné:ao" ? Y chan khéng

(@)

(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

Buong dan hoi thuong duge lam bang cao su, chat déo. Luc kep sinh ra
do su bién dang ctia buong dan héi duéi tic dung cua khi nén hoac thuy
luc. Trén hinh 5.24 la so d6 céac tay kep dung budng dan hoéi do hang
Simrit (Phdp) ché tao. Chi tiét c6 thé duoc dinh vi va kep tai mat tru
trong, mat tru ngoai nhd buéng dan hoéi hinh tru (a) hoac dinh vi nho khoi
V va kep nho vong 6m dan hoi (b).

e ...I

(a) (b)
Hinh 5.24: So do tay kep diing buong dan hoi
5.4.2.4. Tay kep thich nghi
Tren cdc tay kep ki€u ndy, ngudi ta dat cdc sensor dé thu nhan thong
tin vé su ton tai, vi tri, hinh dang, kich thudc, khéi lugng, trang thdi bé
mat, mau sac,... cta doi tugng dé robot tu dong tim cdch xu 1y thich hop,
nhu nhan hay khong nhén, thay doi noi chuyén dén, vi tri va luc kep....
Trén hinh 5.25 (a) la so do tay kep kieu Anthropomorphic (tay nguoi).
Tay kep ¢6 3 ngén. Cac dot noi véi nhau va néi véi ban tay bang chot va
c6 thé chuyén quay tuong doi véi nhau +45° nhd cdc dong co dién mot
chicu. Toan bd cac ngén ¢6 11 béc tu do va c6 pham vi hoat dong 16n hon
tay ngudi cung kich thudc. Chuyén dong quay quanh cdc khép duoc giam
sat nho cdc sensor chuyén vi. Luc kep dugc gidm sét va diéu chinh theo
thong tin tir cac sensor dp luc. Ban tay c¢6 khéi lugng la 240 g, sic nang
0,5 kg. Ban tay trén hinh 5.25 (b) ¢6 6 sensor xiic gidc 3, kiéu
microswitch dé nhan biét doi tugng khi cham vao né. Phia trong, trén dau
cdc ngdn va trén cang 1 gitta cdc ngdén c¢6 17 sensor ap luc 2, 4, 6 kiéu
bién tro. Hai photodiode 5 trén dau cdc ngén tay dung dé dinh vi d6i
tuong va "dan duong” cho ban tay ti€p can t6i né. Tay kep trén hinh 5.25C
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c6 kha nang tim, dinh tdm va kep chi tiét tru dang bac. N6 ¢é sensor
lue 2, lap trén dau do 3. Trén dau cdc ngdén c6 cdc sensor do xa quang hoc
5. Déau do 3, sau khi cham vao déi tugng s& di chuyén dé tiép xiic véi mat
tru cua doi tuong, xdc dinh tAm va chuyén dong dén tam cta né. Sau do,
nho céc sensor 5, mo kep sé duoc dua t6i ti€p xdc v6i 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 can phai tinh luc kep can thiét dé nhac va di
chuyén d6i tuong, tinh luc hodc cong sudt clia co cdu dan dong, kiém
nghi¢m cac chi ti€t cta co cdu theo diéu kién bén, kiém nghi¢ém kha nang
phd hong bé mat cta doéi tuong do tic dung cha luc kep,... Trong mot s6
truong hop, phai tinh todan hinh hoc dé dam bao do chinh xdc dinh vi. Vé
nguyén tac, chiing ta ¢6 thé dp dung cdc phuong phép tinh todn co hoc
nhu v6i moi co cau khdc. Phan nay sé dé cap dén phuong phép tinh todn
cac thong s6 dac trung cho mot s6 dang co cau dién hinh.

5.4.3.1. Tinh todn tay kep co khi

e Tinh luc tiép xic

Luc tac dung tai diém ti€p xic gita mé kep va ddi tuong duge xac dinh
v6i 2 muc dich: ddm bao di luc kep dong thoi khong 1am hong bé mat doi
tuong. Bang 5.2 cho cdc so' d6 kep va cong thic tinh todn tuong tng.
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Bang 5.2: Cong thite tinh toan lue tai cac diem tiep xie giira mo

1Y

kep va doi tuong

Cong thue
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Trucmg hop a:
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Bang 5.2 (ticp)

T Sor dé I Cong thuc
- , . R R
5 _ ] @, = 97, @, - :
: i
i . S — freos e i
N, =R —- P ’{__.__T_f._... oo
COSQ + 2 s i

Cox—k

CONQ = 2 Nin e

6 H
! ! @, =@, =90
| | R |
. voov B
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Rn |

Q- tai trong tinh todn: I- kich thude tay kep: ¢- khoang cde tir diém dat tai den :
mo kep dang xét: R - phan hye trén mo kep thit n; 8- goe gitta trye phoi vi boe
RGN e Gep xuie giia mo kep v vids - poc git inh chicu cna lue R 1en |

it phang vijue Nope- e sd ma sa gira vat licu mo kep v var lieu coa val.

- B lugng dude dobot corcdu kep (s dd v 4, viovay lue mia st
anh hudng rit it dén iue kep:

- Doi twong duge gilt nhd co caut hiim (sar do 2 va 5), lue ma sdt ¢6 anh
huong phat dinbh dén lue kep;

- Ddr tuong duoc g nho masdt oso dod 3 va 6), vi vy anh huong ciia
e rat fan.

Lrén thue 1€ ngudi ta thudng dp dL_n‘]g tong hop cdc phuong phip kep.
Trong qua trinh [am vige anh hudng coa cde yeu (0 luon Tudn thay doi nén

Klu tinh toan phai xét dén trudng hop 13i han.
o Tinl lue dan dong

Lue dan dong do co caw din dong siah ra, dat [én diu vio et tay kep.
Bang 5.3 ¢ho cong thiie tinh 3 co cdu dan dong hay dimg. 12 nem. don v
thanh rang.
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Bang 5.3: Cong thirc tinh luc dan dong

TT So dé Cong thitc
P Truong hop chung:
o ZM_‘,-tg('ﬁ+p)
Co Fﬁ/// ' g P> Qf _57
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Céc ky hiéu: m- s6 md kep; Ni- luc tiép xic gitta mo kep va vat (N), tinh theo bang 5.2:
momen

kep (Nm) cia mo

k
M{ _ z A"’J cos qor {ar{ggo: + C, — #(a! F L‘f{g@f )]: k- '\0 dlém llép ?(LiC. a, C;

- khoang cich tir tam quay ctia md kep dén diém ti€p xiic thit i (m); ; ¢~ gbe tiép xuc; p-
hé s6 ma sat giira vat liéu mo kep va vat liéu cua vat; p- goc ma sit quy déi, c6 tinh dén |
luc can trén cdc chét cha don; B- goc ném; n,- hiéu suat ctia co cdu; b - kich thude cia
don (m); a- géc nghiéng ctia don; me- modul rang trén quat; z- s6 rang trén quat.

kep

tht j, tich theo cong thic: |

132



o Tinh Ging sudt tiép xiic

Trong mot 6 trudng hop. nhat 12 khi kep nhd luc ma sat, thi tng suat
ti€p xtic khd 16n. Piéu do ¢6 thé dan dén hir hong bé mit moé kep hoac doi
tuong, nhat 14 cdc chi tiét mdy da duge gia cong tinh. Vi vay, dicu kién

chung 1a tmg suat tiép xuc thuc t¢ phai nho hon gid tri cho phép. Cong
thitc tinh ung sudt ti€p xidc cho cde truomg hop thong thuong duge cho

trong bagg 5.4, trong dé gid tri m cho trong bang 5.5.

Bang 5.4: Cong thic tinh tng suat tiép xic

TT | Sodé | Cong thic
! tv’/{\;\ ‘ —
‘ Yo NE 2
\_ 2 i o=0418 —;(—--I-—J
N TN [ d r
a ™\ _/_.:V
D R e
2 :
; /NEr 2
o= O,JISV—{ d (E“J
fa
; o
[INE
o= o,wgvf ¥ d
1
INE?
o=mij—L khi 4 <r
re 2

! Ghi chii: N- lyz tiép xiic gilta mo kep va vat (N), tinh theo bang 5.2: E - modul dan

" ho quy doi clia vat lién mod kep va vat; 1- bé rong cia mo kep (em): d- dudng kinh cua

vat {em): 1- bdn kinh dau mé kep (emj m- hé s8 phu thude vito ty s6 2v/d (bing 5.5).




Modul dan hoi quy doi £, duce tinh tir modul dan héi caa vat licu doi
tuone /7 va cua mo kep £, theo cong thie:
R

i

Bang 5.5: Gia tri hé so m theo ty s6 2r/d

e v o o7 fos 05 04 03 102 000 003

a0 US04 042 0468 1049 !(},n_m 06 0716 097 (198 |
- 1 H ! | . i

5.4.3.2. Tink toan tay }-'(q,’p chan ;’;h(}ﬁg va dién - tur

Cong thite kiem nghiém lue kep cdn thiét cho co cau duge cho trong
bang 5.6, ding chung cho cdc trudng hop chan khong. dién ty, tinh dién....

Luc £ trong cie cong thie cho truong hop chin khong va dién e, nhu
hItAEN

o Tinh luc kep chan khong

Lue kep duoe tinh theo cong thic:

P=kfp,-pt (N]

trong dé:

k- T he so tinh dén su thay daéi dp suit khi quyen va tinh trang kin
khil coa ma icp e, b, = 11,85

I ~dien tich tiep xac gitta dau kep va vat, thuong layv 1, = 0.0 =07 gia
11y thue:

p, - dp suat khi guyvén:

p - dp sudt dutrong buong hit.

Dol v he thong nai gilta buong hat voi bom <6 gloang kin khit thi ép
st p, duoe 1y bing dp sudl chan khiong caa bom. Néu khong dat duoe
veu ci (eén thi ¢é the chon p - p, = (3.0 = 3.5) Nienr',

o Tinh luc kep dién tu

Fuc kep duge tinh theo cong thice:

(rong do:

I, - 5O ampe-vong cua cudn day nam cham.



F - dién tich ti€p xtc gitra cuyc nam cham va vat.
tur trd ciia khe ha khong khi va cua 161 thép trong mach tir.
Néu trong vat liéu sét tir ¢6 chira cac tap chat P, S, Mn, Ni,... thi tir trg

R. R, -

tang, luc kep bi giam.

Bang 5.6: C ong thire kiém nghiém luc kep chan khong va dién tu

TT So do M Cong, thuc
I u( —gcosf, +acosf) = gsing,sind, + |
™2 :
+asingsint;
]}
U(—————gcosl,+acosf) 2 gcos, sint, +
mk k.
+acosgsing;
2 Ho=¢,= 90°
| P : i
|l ~gcos, +acosf)>|gsin6, +asinb)|
o omkk, :
3 (DZI;OH :90”.' 8”:9'{)0;
I)
( —o+acosO)zasint
. mk k .
4 L o=@, =90"; g, =90,
1 ~—acosB)>g+asinf
mk k,
5 0=y =90".  6,=0=90"
P
—2zg+a
mk k,

I

|

Kv hiéu: P- lue hit (N); m- khot ]uunf* clia viit (kg): g- gia toc trong truong: a- gia toc hit

vat; 0- géc gitta phuong gia toc a v truc z (tring phuong véi luc hit); ¢- gée gitta hinh chi€u
clia cdc gia toc a lén mat phang xoy véi truc y: p- hé s6 ma st giita vat liéu mo kep va vat k -
hé s0 du trit: k- hé s3 tinh dén sy triing cua diém dat luc nang va trong tam cta vat (doi véi
vat hit tron k, = r/(r + Ax), trong d6 r la bdn kinh mat tiép xtc, Ax la khodng cich gifra truc z
| vatoa do trong tam cta vat).
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Chudng 6
HE THON® IEU KHIEN ROBOT

Cac chuong trude da tap trung gial quyet cdc van dé thudc vé cau tric,

dong hoc, dong luc hoc, thiét ké quy dao,... cla tay may. Chuong nay s&
de cap dén he thdng diéu khién. n¢v khang ¢6 né thi tay mdy khong thé
trd thanh robot diege.,

Muén diéu khién duoc robor thi phai ¢é 4 véu t6:

- Heé thong phdt dong (Acruators) va chap banh (Drivers, Mororys),

- Hé thong cam bién (Sensors). _

- B diéu khién (Controller). gdm phan cimg va phan mém hé théng.

- Chuony ‘rinh diéu khisn,

Cde vl ¢2 en s€ duge lan luot trinh bay trong chuong nay.

6.1. 1HE THONG CHAP HANH

Chuveén dong cla cde khdp trong tay mdy duge thue hién bai hé thang
chdp hanh. Né gom cdc bo phan sau:

- Ngudn cdp dién,

- Khuyéch dai ¢ong suat,

- Pong ca,

- Truyén dong co khi.

Hinh 6.1 1a s d6 nai ghép hé théng chdp hanh. trong dé ¢6 thé hién su
chuvén doi nang luong

Ngudn didn

g

c I} Khuyéchdai | Pe Béng o0 Pin | Truydn dan
| cong sust ' : g aa ki

l P, l P, 1 Pa

Hinh 6.1: So dé hé thong chdp hanh

rr

¥

o
3



D¢ thé hién quan hé chung, ky hiéu P, la tin hién diéu khién (thudng la
tin hiéu dién): P, 14 cong sudt co hoce ¢an thiét dé 1am chuyvén dong khap.
Cic dai lugng trung gian, gom céng sudt dién cung cap cho dong co
(dién. thuy fuc hoac khi nén) P,: cong sudt nguén P, (thudng ¢ cung ban
chat vat [y véi P 3. cong sudt co hoc do déng co phat ra P,,. Ngoail ra con
co cac loal cong sudtl ton hao trén cic khau trung gian: khuyéch dai cong
suil, dong co va truvén dan P, P, P,. Xudt phat diém dé chon cac khau
trong h¢ thang chap hanh la cong sudt co khi P, d& ddm bao luc va van
16¢ chuyén dong ciia khép.

Phan sau day trinh bay khai qudt chic nang cua cdc cum chinh.

6.1.1. Truyén dan co khi

Chuyvén dong tai cac khop cla tay mdy thudng ¢é van 16c thdp va
momen 1én. trong khi cic ddng co thuong lam viéc vdi van 16¢ 16n va
momen nhé. Vi vay, gita déng co va khép thuong ¢6 bo phan bién toc dé
sit dung vitng 1am viéc ¢é loi nhdt cha dong ca. Thong qua bé phan truyén
dan nay, cong suit P, trd thinh P, v bi tén hao mot lwong P, do ma sat.
Khi chon bd phaa truyén dan can cin i vao cong suat can thiét, loai
chuvén dong cla khép va vi tri dat dong co so véi khép, vi bo phin truyén
dan khong chi bién déi eid tri cong sudl ma ca dang chuyén déng, vi du
bién chuvén dong quay ctia truc déng co thinh chuyén déng tinh tién trong
khap. Néu khéo bé tri dong co v bd phan truyén déin c6 thé giam tiéu hao
niing luong. Vi du, néu dit dong co va bo phan truyén dan gin than may thi
c6 thé tang ty 56 cong sudt tidu hao | trong hiomg co cdi.

Trong robot thuding sit dung céc loai truyén dan sau:

- Co cdn truee vit - banh vit ¢6 1y s6 truvén 16n, cho phép doi phuong
truc va thay d6i diém tac dung cia lisc.

- Co cdu vit mé - dai éc cho phép bién chuyén déng quay cla truc
dong co thanh chuyén dong thang tai khdp trugt. Vit me - dai 6c bi
thudng duge dang dé€ giam ma sdt, Thudng co cdu nay duoe lap ¢é do doi
dé gidm khe h¢ va ting do cing vimg.

- Truvén dong dai rdng va ruvén déng xich cho phép dat dong co xa
truc khdp. Luc cang dai gay tai trong phu nén dai thudng duge ding khi
van toc chuyén dong 16n vi lue nhod. Nauge lai, xich hay bi dao dong nén
thuomg dung khi van toc nho.
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Vi gia thiét chuyén dong khong ¢ khe hd va <hidmg 6 ruot, ty 86
truyén clia cic bo truyén dong co khi 1a khong doi.

Ngay nay ngudi ta hay gan trye tiép rotor cua dong co lén truc quay
ctia khép ma khéng dung truyén dan co khi trung gian. éu do loat trie
duoc anh hudng cua bién dang co khi va khe hd. giani ton hao adng
lwong. Tuy nhién né doi hoi cac gidi phap k§ thuat diéu khién dé duy tri
quan hé tuyén tinh truyén dong trong dai rong. Truyén dong tnre tiép con
chua pho bién trong k¥ thuat robot vi 1y do két cau.

6.1.2. Dong co

Pong co 1a ngudn tao dong tuc chuyén dong cho cde khép. Tuy thude
dang niang lugng sit dung, ngudi ta ding cdc loai dong co khi nén, dong
co thuy liec va déng co dién. Cong sudt vio dong co P, chi duge chuyen
mo6t phdn (P,) thanh co nang. Phan mat mdt £, 1a do 16n hao co khi, thuy
luc hodc khi nén. Trong k¥ thudt robor nguoi 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....
cdc dong ¢o phai ¢6 cdc (inh chat sau:

- Quan tinh nho va ty s6 nang lugng tiéu hao / trong luong cao.

- CA kha ning chiu gua tai va luc xung.

- Cé kha nang gia toc 10t.

- Dai toc do lam viéc rong (1-+ 10.000 v/ph).

- Po chinh xdc dinh vi cao (it nhat 1/1000 vong tron),

- C6 thé lam viéc tron tru & vin tdc thap.

Pong co khi nén khé ddp tmg cac véu ciu trén, vi khong the khac phuc tinh
nén duoc clia moi chat the khi. Ching thuémg chi duoe ding cho cde chuyén
dong déng mo, vi du diing cho tay kep hoac chuyén dong diém - diém.

Pong co dién gém céc loai dong ¢d mot chiéu, xoay chiéu thong dung
vit dong co servo, trong dé dong co servo duge ding phé bién hon ca.
Pong co servo khéc vdi cde loai dong co binh thudng & chd néd duac didu
khi¢n ty dong biang maot he thong diéu khién dién tit ¢é phan hoi. Tin hiéu
phan héi duge 18y 1l sensor van toc hodc sensor vi tri, gidm sdt lién tuc
chuyén dong tuong doi gilta rotor va stator, tir dé sinh ra tin hiéu diéu
khién t6¢ do va chiéu quay cia rotor. Pong ca servo ¢6 dac tinh dong tuc
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hoc tot, déng thai két cau don pidan, Jam viée tin cay nén ngay cang duoc
wa dung. Dong co dién mot chiéu ¢6 dién khong duge wa chuodng vi ¢6 bo
gop dien gay nhiéu phicn phic khi st dung da duge thay biang dong co
dien mot chiéu khong ¢ gop (Brushiess DC Servomotor). Dong co budc,
do ¢ cong suit pho, do chinh xdc thap (do khéng ¢6 mach phan hoi vi
trl. do dac tinh dong lue hoe phu thuée tai trong, tham chi ¢6 hién tuong
"ho bude” khi tdi 16n), nhung lai ré tién, nén duge dung cho nhitg noi
khong doi hoi do chinh xde didu khién cao.

Pong co thuy lue ¢d cde dac tinh dong luc hoc tuong duong vai dong
co dicn, ¢o the truc tiép sinh ra chuyén dong thang v chuyén dong quay.

Mac dii. vé dai thé, ban than dong co dién va dong co thuy lue ¢6 dic tinh
dong luc hoc twong duong nhau, nhurig chiing khic nhau vé ddc diém sir dung.

Vé phuong dién d6, déng o dién ¢é cde wu diém sau:

- Dé cung ¢iap niang luong, vi he théng cap dién cé & khap noi.

- Giid ré. chang loai phong phu va dai cong suat rong.

- - Hiéu suat bién doi ning lugng cao.

- Dé st dung va dé chiam séc.

- Khong gay 6 nhiém moi trudng.

Bén canh dé. chiing ¢6 cédc nhuge diém sau:

- Phil néng ¢ trang thai tinh hoic khi 8¢ d¢ thap. vi vay thudng phai
dung phanh.

- Can bao vé dac biét néu lam viée trong moi trudng dé chay.

Neuoc lai, dong co thuy liuc ¢6 cdc ru diém:

- Lam viéc (6t & trang thdi {inh v 16¢ d6 thap ma khong bi phat nong.

- Tu boi tron v tan nhiét t6t nhes su luu thong cla chat 1dng trong Khi
lam vice,

- An t0an trong mei moi truong.

- Co cong sudt riéng theo trong lugng cao.

Bén canh dé. ching ¢6 cdc nhuoe diém sau:

- Can tram cung cap thuy luc riéng.

- it tidn, it ching loai. khé {ap dat. khé cham sée va bao til.
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- Hiéu suét bién doi niang lugng thap.

- D€ gay 6 nhiém moi trudmg do ddu trong hé thdng bi rd khi van hanh
hoac c6 dau thai khi bao dudng, sia chita.

Xét vé khia canh diéu khién va van hanh, doéng co dién dé diéu khién
vit ¢6 thé thay doi ché do 1am viéc mot cdch linh hoat. Diac tinh dong luc
hoc cua dong co thuy luc con phu thude vao nhiét ¢o diu. Pong co dién
lam viée t6t ¢ toc do cao va tai trong nhd nén thudng phai dung truyén
dong co khi trung gian. Nguoe lai, dong co thuy luc 1am viéce tot khi téc
dd thap va tai 16n nén thudng truvén dong truc tiép. _

Muc 6.2 s& trinh bay chi 1ié1 hon vé mo hinh diéu khién cia cac loai
dong co servo thong dung.

6.1.3. Khuyéch dai cong suit

B¢ khuyéch dai cong sudt ¢d nhiém vu bién déi trang thédi ning luyong
(goi chung 12 fine va dp) cha nguoén cung ¢ip sao cho phit hop véi yéu cau
cha dong co. Cong suat cung cdp ty 1é véi tin hiéu diéu khién P, va
thudng 16n hon cong sudt didu khién nén bo bign déi nay cd tén la bo
khuyé€ch dai cong suat. Mot bo phén cong suat vao, gbm P, va P, sau
khi bién doi dugc cung cap cho dong co (P,). Phan khic (#,) bi t6n that
trén bdn than bo bién déi.

Dat véi dong co dién, bo bién déi thudng phdi bién dien niang dudi
dang xoay chiéu thong dung, vi du 230/380 V- 50 Hz thanh dién mot
chiéu (cho dong co mét chiéu) hodc thinh dién xoay chiéu véi dién
ap va tan s6 thich hop (cho déng co xoay chiéu). Cic bo bién déi diing
cho déng co mot chiéu duge goi 1a AC to DC converter, hay 1a chopper.
Loat dung cho dong co mot chiu khéng chéi than duge goi ta DC 1o AC
converter hay inverter. D€ diéu khién dong co xoay chiéu khong déng
bd, ¢6 thé diing bo bién doi bé rong xung (pulse width modulator) hoac
bo bién déi tdn s6 (frequency modulator hay frequency inverter). Cac
thong s6 quan trong nhat cta bo bign ddi Ia hiéu suat bién déi P (P, +
P} vaty s6 truyén P/P,. Gid tri ctta ching thudng vio khodng 0,9 va 70"

Pong co thuy lyc thuong duge diéu khién bing cich thay déi luu
lugng chdt 1ong cung cdp cho né. Co cdu diéu khién thudng 13 cdc van tiét
luu, cho phép thay déi luu luong cung cdp theo tin hiéu dién.
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6.1.3. Nguon cung cap chinh

Nhi¢m vu cta ngudn cung cip chinh la cung cdp ning lugng téi dau
viio clia bo bién déi.

Néu [a dién ning thi ngudn cung ciap thudng la bién dp. Néu dung
dong dién mot chiéu thi phai ¢6 chinh luu,

Nguon cung cip cho cic dong ¢o thuy luc 1a tram bom cdc loai, nhu
bom bdnh rang. cdnh gat, piston.... Truyén dong cho ching 1a ciac dong
co sa cap. thuong la dong co dién xoay chiéu khong dong bo. Ngoai ra,
trong hé theng cung cdp con ¢6 bé chia (d€ tranh hién tuong mach déap),
bo loc, van an todn, van tran,... gidp cho hé théng lam viéc duoc 6n dinh,
an toan. Vai rd clia ching giong nhu tu dién la phang va cdc kiéu bo loc
khac trong hé théng nguon dién.

6.2. DIEU KHIEN PONG CO SERVO

Vi dong co dién va dong co thuy luc thudmg duge dung nhiéu nhat
trong k¥ thuat robot, nén sau day mé té ky hon vé mo hinh todn hoc va sa
dé diéu khién cia chiing.

6.2.1. Diéu khién dong co dicn

Chiing ta di biét nhiéu vé cic loai dong co dién théng thuong, nhu
dong co dién mot chiéu ¢6 b gdp, dong co dién xoay chiéu déng bg va
khong déng bo. Cic dong co dung trong diéu khién ty dong cén ¢ nhing
tinh chat dic biét, nhu dé diéu khién, qudn tinh nhé, cé thé lam viéc én
dinh ¢ toc do thap hodc trong trang thai tinh,...

Tuy ¢d su khdc nhau vé két cdu va nguyén 1y lam viée, dong co di¢n
mot chidu va dong co servo ¢6 thé duge mo hinh hod gidng nhau. Thong
qua bién phitc s, su can bang dién clia phin ing duge moé ta béi phuong
(rinh:

V, = (R, + sLJI, +V, (6. 1)
trong do

V. R, L, val lan luot la dién dp, dién tro, dién khang va dong dién
phan tng.

V, la sitc dién dong clia phin Gng, ty 1¢ véi vin toc géc @ cua rotor

V,= ko (6.2)
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He s6 &, the hién quan hé gira vin 16¢ £0¢ cua rotor vdi stic dién dong.
N6 phu thudce ket cau cia dong o v tinh chat dién tir cia phas can.
Tuong wy. phuong trinh can biang o hoc cla dong co ¢d dang;
Co=tsl,+ F Jw+ C (6.3
C, = ki (6.4

"

trong d6, C,, va C, la momen chu doug v imomen phan lyc, foval li
momen qudn tinh va hé 6 can nhdt veén 1rue dong co. He so v 18 &, bicu
dién quan h¢ giita momen ciia dong co va dong dicn phin ing. Trong hé
don vi SI, gid tri ca nd bing k..

D61 véi bo phan khuyéch dai cong sudt. quan he giita dicn dp vio V', va
dien dp phan ting V, chinh la ham tuvén
I (s

o

T s (6.8
I+ N
trong do

G, fa he so dién 4p.

T la hang s& (thai gian. Gid trj cla I nho <o vai cde hdng s& thii gran
Khic cua h¢ thong nén ¢d thé bo qua. Vi du. ncu dung bo bién tan (rong
khodng (/1) = ]00) kHz thy gid i cda T, nam trong khodang (707 = {07
giday.

S¢ d6 khoi cta déng co servo véi khuyéch dai cong suat duge thé hien
trong hinh 6.2,

‘ k'
‘ | b ] L ;
ISII I(+ 6l H(:T 0
| B

Hinde 6. 2: So do khot ciia dong co seivo vii khievech dai cong sudt
. . Co *
Trong so d6 trén, bén canh cic khéi the hi¢n cic quan hé ndi trén,

con ¢d cde veu 18 sau:
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- Vong phan hodi dong dién phan Gng thong qua bo bién déi &, giia
cudn day phan ing va khuveeh da cong suat.

- Khéi hicu ¢hinh dong dién C(s} ¢6 dac tinh phi tuyén ¢ trang thai
bio hoa.

Vong phan héi duge ding voi 2 mue dich. Mot mat, dién dp V' dong
val tro dién dp chuan. Néu chon Cfs) thich hop thi do te¢ cha /, so véi V7
s¢ nho hon do tré gita 7, va V. Mat khdc, tinh phi tuyvén ¢ trang thai bao
hodt cho phép han che su tang cua Vo N6 ¢6 tde dung nhu bo han ché
dong dién. bao v khdi khuvech dal cong suat.

Tir so dé tren, bing cich chon Cfy). ¢6 thé nhan duge hé didu Khicn
van toc hoac hé diéu khién momen.

NEu & = (L v néu hé $6 can nhot rat nho so véi hé s hiim dién nang,
nghia la (F, << kL k/R,). dong thot dat K = CO0)G, v gla thi€r C, = ¢ thi
dan dén trang thdt diédu khien van toc:

KN, o
(0= -—1 . (3}
P

.
Néu & = 0 vd chon ham truyvén dong dién it 16n (K&, >> R ) ~¢ dan
dén trang thai dicu khién momen:
k

('1 f( r k\' - ) (6 7)
Cm eV, ———w). :
b k . 3 K

;
Vi K thuong cé gid tri l6n nén momen hau nhu khong phu thudc vao
van toc goc.
Vi cae didu kien tén, nhan duge so do diéu khién van toc va dicu
khién momen nhu trong cic hinh 6.3 v 6.4

(c
% |
i N % Cn L ’ 1 0
=1 el Y - _—
A k, |Cm 1 fl i + Ry |+ g T
—_— L _.éq —_—— _?
ke |+ ShntFom ' !
| -
Hinh 6. 3: S dé dicu klion Hinh 6. 4: Serdé diéu khién momen
van foe
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Tir cdc 50 d6 trén. cé moi quan hé gifta cdc dai lugng vao (dién dp dicu
khién V', momen phan ung C,) v6i dai luong ra, 1a van t6c g6c @

- Bai vai diéu khién van téc:

K R,
: k k k .
w=—e oy KK (6.8)
R ¢ R I g
] +5 atm ] 5 atm
Kk hk
- Dadi véi diéu khién momen:
K, /
LV F, ‘
w = L (6.9
[IH ‘ ! [
f+5 Pl Y
F F .

6.2.2. Diéu khién dong co thuy luc

Cdc dong co thuy lue duge dieu khiéo bang cach thay déi luu fuong
ddu qua bom. Bat ké sur khdc nhau vé ciu e vat Iy, cdc mdi quan he co
ban gilta lunt lwgng va dp suat, chuyén dong cua chat long va chuyén dong
cia cdc chi tiéh, sie can bdng co hoe ciia cde chi 1iét déu xuat phat ir dao
ham quan hé vao/fra.

Gia sur Q la lwa tuong cung ciap, 0, 13 luu luong vio dong co, Q, 13 luu
lugng ton hao do lot dau trén bom, Q. la luu luong 6n hao do tinh nén
dugc cta dau, ta nhan dugc phuong trinh cin bang luu luong nhu sau:

O=0,+0+0, (0. 10)

Céc dai lugng ton hao Q, v Q, duge tinh dén khi hé théng lam viec
dudi dp suat cao, ¢& hing tram atmosphe.

Got P la chénh léch ap sudt giita dau ra va dau vao cia bom do tai, ta
cO quan hé

Q=kp (6. 11

Tén hao luu lugng do tinh nén duge cta chil long ty 1¢ vai thé tich tic
thot cua chat long V' va dp sudt P thong qua hé s0 nén ¥ va bicn pbikc s:

Q. =yVsP (6.12)

Tix (6.12) thdy rang h¢ s§ ty le &, = yV giita dao ham theo thai gian
Cla ap suat £ va luu luong phy Q. thude vao thé tich V clia chat long. Vi
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vy, doi vt dong co quay thi £, 14 hang s0, con ddi vdi déng co tinh tién
thi K thay déi nén phéan Ung ca hé théng tuy thuoce diém cong tic.

Luu lugng chat 1éng vao dong co ty I¢ voi lugng bién thién trong mot
don vi thoi gian clia thé tich chat 16ng trong bé chira. Mat khic lugng bién
thién nay lai ty 1& v&i van td¢ géc cla dong co. Cudi cung nhan durge:

Q,=ko (6.13)

Piéu kicn can bing co hoc clia cac chi tiét chuyén dong duge mo ti
bang phuong trinh tuong ur nhir (6.3):

C,=(sl,+F o+ C, (0. 14)

Cudi cung thi momen cta dong co 1y 1& v&i do chénh léch dp sudt cua
bom:

C,=kP (6.15)

D6l vai van diéu khién, ham truyén giita vi tri X cta van va dién dp
didu khién V. dugc xdc dinh nhu sau:

X G

= . 6.16)
V.o I+sT, (

3

Vi hang s& thoi gian T, rdt nho (c@ mili gidy) so v6i cic hang so thai
gian khac cha hé théng, nén G, dugc coi 12 hé s6 truyén tuong duong cia
van va quan hé gitra vV, va X la tuyén tinh.

l.':

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 d6 khéi cha
hé théng diéu khién dong co thuy lyc, gdm van, bo phan phoi, dong co
nhu trong hinh 6.5. So sanh hinh 6.2 vo1 hinh 6.5 ¢6 thé nhan ra su
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tuong tu ve hinh thiic gitta dac tinh dong luc hoc cia dong co thuy luc
va dong co dién. Tuy nhién diéu d6 khong cé nghia la ¢6 thé ding
dong co thuy lie dé didu khién van toc va diéu khién momen thay cho
dong co dién. VE hinh thiic thi mach phan héi ap suat cua dong co
thuy luc tuong tw mach phan hoi dong trong dong co dién, nhung
khong thé thay doi két cau clia panel thuy lue mot cich dé dang nhu doi
vl bang mach dién.

6.3. HE THONG CAM BIEN

bicu khién tu dong luon doi hoi su giam sat hé thong hodc qué trinh.
Hé¢ théng do cac dai lugng, dai dién cho trang thdi lam viéc cia robot va
cho sy twong tdc cua né véi méi trudng, anh hudng rat [6n dén tinh nang
k¥ thuat cua robot va phai duge chon tuong dng vdi yéu cdu diéu khién,
Tuy nhién. do ludng ta mot linh vye chuyén sau cua k¥ thuat tr dong hod,
did cé mon hoc va cdc tai liéu riéng vé sensor. Trong chuong nay chi dé
cdp dén cac khdi niém, phan loai chung va nguyén tic [Am viéc clia mot
50 loai sensor hay gap trong k¥ thudt robot.

6.3.1. Khai niém va phan loai cam bién

6.3.1.1. Cdc khdi niém

Cam bién 12 thiét bi ding dé nhan gi4 tri cta dai luong vat 1§ can do
va bién doi n6 thanh tin hiéu ma thiét bi do hay thiét bi diéu khién cé thé
xtr 1y dugc.

Nhu vay, cam bién ¢6 2 chiic nang: "ecdm”, nghia i nhan tin hiéu can
do va "hién", nghia 1a chuyén déi dang vi gid tri cla tin hiéu dé san sang
cung cap cho thiét bi Lién thi hay xi Iy tiép theo. Cé nhiéu dai luong vat
ly, nhu luc, rung déng, thanh phan hod hoc,... rit khé do truc ti€p mot
cach chinh xdc va ré tién. Ngudi ta phai chuyén doi chiing sang dai tuong
tuong duong khic, thudng la dai lugng dién nhur dién dp, dong dién, dién
trd,... dé dé st dung céc thit bi hién thi va xir Iy chuan, thong dung v ré
ticn. Dang va gid tri tin hiéu xuat ra cna cdc cam bién thudng duoc chudn
hod dé dé ghép ndi vao cic mach xit 1§ 1iép theo.

Cam bién cdn ¢6 cdce tén khic, nhur dau do, sensor,... Tl ¢6 goc Anh
senxor d3 duge pho cip rong rdi trén th€ gidi, ké ci trong cdc tai
lidu xuatr ban & Viét Nam.
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Sensor |3 1&n chung cla Switch va Transducer. Switch 1a thiet by dong
mer, thudng goi Ya cong idc). chi ¢6 2 trang thii tin higu ra fa ddng va Iea
Transducer 12 thiét bi bién déi. Fin hi¢u ra va tin hicu vao cua nd o the
khdc nhau vé ban chat vat Iv va gid tri. nhung khong khde nhau v¢ quy
luat bién thicn theo thoi gian. VI du véi cang tin higu vao o ap suat
khong khi (hinh 6.6), Switch ¢ trang thdi déng néu dp st p = p,, €O
trang thi md néu p < p, con Transducer thi cho tin higu ra la dién ap

nhung khong thay déi quy luat bién thicn theo (hoi gian von ¢d cua 1n

hiéu vao.
£ 7k switch transduner
100% - Ty
[ A
' 4
! {
Po [____ _ R, N
{ i
‘. ; 1 i
h . L | :
L ki t t1 i t
Tin hiéu vao sensor Tin hicu ra clic sensor

Hinh 6. 6: Sit khdc nhau gita switch va transducer

6.3.1.2. Phdn loai sensor

Theo chic nang. ngudi ta phan biét 2 nhém sensor. Mot nhom dung de
gidm sdt trang thai cong tic cua ban than robot, duge got la sensor irong
(proprioceptive sensors). Nhom thG hai, duge goi fa sensor ngodal
(heterocepiive sensors), ding dé do cdc thong 6 cia moi truong va sy
tuong tdc cla robot vdi moi trumg’

Cic loai sensor trong chi yéu [a: semsor vitri, sensor van 16¢ va

sensor gia toc hay sensor juc.

" Moi triwomg & day duoc hidu 1a moi y€u 18 bén ngoai robot, ké cd déi tugng
cong tac. '
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Sensor ngodi ¢6 rat nhiéu loai, tuy thugc théng s6 moi rudmg cén do,
vi du seasor nhi¢t d6 d€ do nhiét d6 ciia méi trudng ma robot hoat dong,
sensor lyc d€ do luc ndm (kep) cla tay hoae dé dinh vi d6i tugng (vi du,
d¢ 16ng truc vao bac khi lap rdp), thiét bi quan sét (vision system) dé nhan
dang doi tuong,...

Ngoai cach phan loai sensor theo chitc nang nhu trén, con ¢é nhiéu
cach phan loai khdc, vi du:

- Theo dai lugng cén do, ¢ sensor nhiét do, dp suat, van 14, gia 1oc,
luu luong,...

- Theo két cau vi nguyén ly 1am viéc, ¢6 sensor dién wrd, dién dung,
dién cam, dp dién, quang dién, dién dong,...

- Theo phuong thitc cdm nhan, c6 sensor ti€p xic (iactile sensor),
khong tiép xtic (proximity sensor).

6.3.2. Nguyén Iy lam viéc ciia mét s6 loai sensor

6.3.2.1. Cdm bién vi tri

Cédc cam bién (sensor) vi tri, nhy tén goi cua ching, dwgc ding dé
gidm sat vi tri wic thai ca cdc co cdu. Tuy theo dang chuyén dong can
quan tdm ma vi trf ¢6 thé duge tinh bing don vi dai hay don vi géc. Nho
cdc chuyén d6i co khi cdn thiét c6 thé diing sensor do géc d€ do chiéu dai
va nguoc lai. Cic sensor do chiéu dai ¢é thé 1a bien trd, bién thé vi sai,
encoder thang. D¢ do gic quay ¢6 cdc loai sensor do gée, nhu bien trd
quay, encoder géc, resolver,... Sau day néi vé hai loai sensor thudng gap
nhét 1a encoder va resolver.

Encoder 1a thudc do vi tri theo nguyén tdc 56, trong d6 toa d6 dugc ma
hod theo hé nhi phan. Tuy theo don vi do, ching ta ding encoder thing
(linear encoder) hay encoder goc (rotary encoder). Hai loai nay giéng
nhau vé nguyén 1y lam viée, chi khdc nhau & ché cdc vach duge khic theo
dudng thing hay theo vong tron. Theo phuong phap ma hod, ¢6.2 loai
encoder la tuyét doi ( absolute ) va gla & (incremental ).

Thuoe do vi tri theo gia s6 (Incremental encoder) c6 1 hoac 2 dia
quang, dugc khac céc viing trong va duc xen k& nhau (hinh 6.7). Néu dung
mot dia thi né duge gan véi truc quay. Néu dung 2 dia thi mot dia gan véi
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truc quay, codn dia kia c6 dinh. Mot phia ctia dia dat ngudn sdng, phia doi
dien dat 3 “con mat dién" (photodiode hoac phototransistor) dé thu tin hiéu
cla timg vong tron. Tai mot vi tri nhat dinh ctia dia, vung nao cho tia sang
di qua s& dugc ma hoa 13 /, viing n&o ngin tia sing s€ dugc ma hod 1a 0. 56
ving sang, 161 trén dia quyét dinh d¢ phan giai cia encoder.

Tai thoi diém bat dau 1am viéc, hé théng phai duge quy khong bang
cach quay 16 sdt vohg tron thi hai t6i vi tri d6i dién ngudn sang dé con
mat tht ba nhin thay tia sang. Khi hé théng bat ddu lam viéc, mot bo xix
ly s& dém s6 14n con mat ngoai cing nhin thdy tia sdng, tir d6 tinh ra géc
ma dia da quay. Chiéu quay cla dia dugc nhan biét nhe sy phoi hop tin
hiéu clia 2 vong: néu dia quay theo chiéu kim dong ho thi mat ngoai ciing
nhin thay tia sdng trude mat thi hai v nguge lai. Can cd chiéu quay ma

vao DT
r 5‘2 sensor #1 ra
ngudn sensor #2 ra
sdng
sensor péc ra

L¥)

gia s0 s& duogc cong hodc trit vao tng s6.

i

P
\— truc quay

dia quay

Hinh 6. 7: So dé nguyén ¥ cita thudc do vi tri theo gia s6

Thuese do vi tri tuyét doi (Absolute Encoder) ¢6 mot dia quang, trén do
¢6 nhiéu vdng tron dong tam. Moi vong chita céc viing trong va duc xen
k& nhau. S6 vong tron quyét dinh do phan giai cha encoder. Néu s6 vong
tron 12 » thi s6 phin ma mot vong trdn ¢d thé duge chia ra bang 2n, goc
nho nhit ma encoder phan biét dugce 12 360°/2n. Vidu, néu sé vong 1a n =
4 thi s& phan chia cha vong tron 1a 2 = 16, encoder s& phan biét duoc
goc quay 360°/16 = 22,5°. Néu n = 8 thi géc d6 1a 360774096 = 0,088°.
Trén hinh 6.8 13 so dd encoder véi 4 vong tron.
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Dia tuyét
dai

Bia ma !\)Oa | vang | binary xam
nhiphan . 06000 | 0000
15 g L, L | 000i 0001
-~ 22T j L. no1n 0011t
- ase 3 0011 | 0010
; a 0100 0110
i 5 0101 OI11
‘ 6 0110__| 0101
*! Wl 7 0111 0100 |
8 1000 | 1100
| 9 1061 T 1101
1 16 1010 | 1111
[T 01| 1110 _
12 1100 1010
13 1101 1011
i4 1110 1001
8 7 A3 F d | 1000 |

Hinh 6. 8: So do nguyén Iy ciia thiée do vi tri tuyét doi

Resolver (hinh 6.9) khong phat ra tin hiéu s6 nhu encoder ma phat ra
tin hiéu wong tr dai dién cho vi tri cta d6i twong do. Nhin vé ngoai no
giong dong co dién nhung nguyén 1y 1am viéc cha né giong bién thé
nhi¢u hon. Cuon day rotor dugc cip dién dp xoay chiéu théng qua cdc
vanh dan dién.

Dién dp cung cap cho rotor c6 dang hinh sin, dang Vsinar, tan s6 trong
khoang 0,4 + 10 kHz. Stator ctia resolver c¢6 2 cuon day, dat 1éch nhau 90°
dién nén trén mot cudn xudt hién dién dp Vsinawr.cos 3, con trén cudn kia
¢6 dién dp Vsineor.sin 9. RG rang 13 gid tri dién 4p ra phu thudc géc 4 giita
rotor va stator. Tin hi¢u phan héi & cta géc quay duge cung cdp cho 2
cudn day qua ham sina va cosea, sau khi nhan véi tin hiéu dau vao va
cong dai s6 dugc tin hiéu ra 12 Vsinw.sin{ 9-a). Tin hiéu nay duoc
khuyéch dai va giii i kh6i déng bo, dam bao gid tri clia né phai ty Ié véi
sin(9-@). Néu c6 sai léch, tin hiéu dugc bu bai thiét bi bi. Sau dé, tin
hiéu dugc tich phan. Mach phan hoéi ¢6 b tao dao dong, chuyén ddi dien
ap thanh tan so6 (voltage-to-frequency converter - VCO), va khéi dém
xung. Gid tri s6 a dai dién cho géc quay 9.

150



vac AC

tin hi2u ra cosine tin hidu ra sine
v 1 |
a= 0" }/\\/’ !
| A
] ~

rotor /,l / o= 45° WL/_\‘\__/J_
a
I .. cusn 90" ,
- N
cos
vio AC o= 135 P . e
a = 180° /\k\— ~E
i

1!!;!!!) a=2170° /\

| o '

cudn ra sine

Falnel crad I_I
Ko

{. -y Vainut sl -
"u-'.l -I_‘i .MEUYE'CH muHoo DOHS 34 BU

ol Yahul 20 m !

Valnai

L

DEM XUNG

Hinh 6. 9: So dé nguven 1% Iam viée va xia 1y 1in hiéu cna resolver
6.3.2.2. Cdn bién van toc

Mic dit ¢é thé xéc dinh van toc tir két qua do vi tri, nguoi ta van thuong
do truc ti€p né bing cam bien doc 1ap. Cic cam bién van toc thudng dung c6
en B tachometer. C6 2 loai tachometer la DC tachometer va AC
tachometer.

DC tachometer 12 mot may phdt dién mot chiéu, ding nam cham vinh
ciru. Yeéu cau dac biét ddi v6i ching 12 quan hé tuyén tinh gitta tin hicu
vio {tdc do quay) vi tin hiéu ra (dién dp): giam hiéu dng tir 1ré va anh
hudng clia nhiét d6. Nhuge diém cta DC tachometer la diing co gop dién -
va khong thé lbz;i trir duoc hién tugng mach dap bang phuong phdp loc, vi
tin so tin hiéu ra thay ddi thudng xuyén. Do tuyén tinh cua DC
wchometer ¢6 thé dat trong khoang 0,{ + 1%, hé so6 dap mach biang
khoang 2 = 5% gi4 tri danh dinh cta tin hiéu ra.
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"AC tachometer khac phuc duge hién tugng mach dap. No pém stator.
¢6 2 cudn day va rotor kiéu coc. Cudn day thit nhat (cuon kich tir) dugc
cap dién 4p xoay chiéu hinh sin véi tan s6 khoang 400 Hz. Khi rotor
quay. trén cuon day thi hai s& xuat hién dién dp xoay chiéu ty 1¢ thuan
vai toc do quay clia rotor. Hién tugng mach dap van ¢6 nhung c6 thé loai
trir bang bo loc thich hop, vi tan 6 tin hi¢u ra khong déi. Ngoai ra, AC
tachometer con c6 céc uu diém khéc, nhir khong gap cdc phién phite do
¢6 gép. rotor khong cé cudn day nén nhe, momen qudn tinh nho, dé can
bang vi chic chan. Nhuge dién clia nd 12 ¢6 dien 4p du & ddu ra ngay ca
khi rotor khong quay do hé ciam ky sinh giita cic cudn day.

6.3.2.3. Cdm bién do luc

Mot vat chiu téc dung ciia fuc va momen bao gi0 cling bi bién dang,
nghia la c6 chuyén vi twong déi giita cde phin cta né. Vi vay cic phép do
luc va momen thudng duoc quy vé do chuyén vi. Théng s6 cla céc linh
kién dién, nhu dién tré. dién dung, dién cam, thudng thay déi khi bi bién
dang. Dua vao dé ngudi ta ché tao cdc dau do kidu dién trd, dién dung,
dién cam dé do lyc. Trong mot s6 tinh thé vat chat. nhu thach anh, khi bj
bi€n dang s& c6 cheénh léch dien ap gilta cdc vliing. Dua vao do, ngudi ta
ché tao ra cic ddu do luc kidu 4p dien {piezoelectric).

Trong s6 cdc loai sensor luc ké trén, ngudi ta hay ding kiéu dién trd,
g01 la tensiometer (hinh 6.10). D6 Ia dién s am bang day din manh,
dugc dan Ién phan tir bién dang. Néu phan wr bi kéo thi tiét dién day bi
giam, do d6 dién tr& clia n6 tang. Ngoai yéu ciu vé do tuyén tinh, dién trd
sudit clia vat liéu 1am tensiometer phai it thay déi theo nhiét do. Dé tang ving
[am vi¢c tuyén tinh, ngudi ta ding cdu can béng, trong d6 rensiometer 13 mét
nhdnh (R,). Khi chua tdc dung lyc, cdu can bang, nghia [a V, = 0. Khi ¢6 Iyc,
R, thay doi, lam céu mat can bang. Tin hiéu ra duge tinh theo cong thiic:

V= Ry (6.17)
R,+R, R +R

DéE b sy anh huéng clia nhiet do, ngudi ta ding R, nhu dién tr&r bi,
gin lén ving khong chiu luc. Néu gan R, lén phia doi dién cia phan tir
bi¢n dang, sao cho R, chiu kéo con R; chiu nén thi s& tang duge do nhay
cla sensor,
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R,

Hinl 6. 10: Cam bién dién trd va so dé ndi kiéu cdu cin bdng

Quan hé giira luc tdc dung va tin hiéu ra phu thudc rat nhiéu vao cich
gin sensor 1én phéan ur bién dang. Sau day 12 vi du minh hoa vé ing dung
tensiometer vao do luc tac dung 1én c¢6 tay khi nang vat. Hinh 6.11 cho
thdy, trong trudng hop nay phan tr bién dang ¢6 dang chit thap (kiéu
Maltese), dong vai trd truyén luc gilta kep va cb tay. Cac tensiometer
dugc ddn lén cac nhdnh chit thip, sao cho sensor nhan duge tin hiéu
lirc tdc dung theo bat cit phuong nio. Méi nhdnh chir thip duge ddn 2
tensiometer, nén tong s6 gia tri do dugce 1a 8, tir @, dén @,. Luc tng
qudt tac dung lén cé tay ¢6 6 thanh phan: 3 thanh phdn lyc huéng
theo 3 tryc toa do (f,, £, f.) va 3 thanh phdn momen quanh 3 truc dé6
(4, 1, p2.). Quan hé gilta cdc thanh phan luc va momen véi cdc gid
tri do duoc biéu dién qua mot ma tran, goi la ma trdn chudn dinh

(calibration matrix):

(Ll [0 0 e 00 0 ¢ 0] o

£ c., O 0 0 ¢, 0 0 W,
Jo|_ 0 ¢, 0 ¢y O oy 0 cy y oF 6. 18)
i, ¢ 0 0 ¢, 0 0 0 c, @;

i, 0 ¢, 0 0 0 ¢, 0 0 W,
K. co 0 ¢ 0 ¢

(*) 7




w,

5 UJ.

Hinh 6. 11: Phdn nt bién dang kiéu Maltese

Céic 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 0,05% gia tri cuc dai; toc do l1ay
mau ctia mach xur 1y khoang / Hz.

Chu y rang gia tri luc va momen do duoc 1a céc gia tri tai khung do,
khong phai tai vat (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 sdt (Visual System)

Thiét bi quan sét 1a mot loai sensor dac biét, ¢6 kha nang nhan biét va
xtr ly hinh anh cua déi.tuong. Thiét bi quan sdt dugc tng dung rong rii
trong cong nghiép noi chung, song ting dung trong robot la tng dung dac
trung nhat. Mat khac, xtr Iy anh 12 moét trong nhitng linh vuc phat trién
manh nhat ctia cong nghé thong tin hién dai, nén thiét bi quan sat trén
robot gan lién véi mdy tinh.

Trén hinh 6.12 12 mot hé théng quan sat don gian ctia robot, dé nhan
biét 2 vat: mot vat cao va moét vat thap. Hé théng c6 mot nguon sing
va 2 sensor thu anh sang. Néu c6 vat cao trude nguédn sang thi ca 2
sensor déu nhan duoc dnh sdng phan xa. Néu chi ¢ vat thép thi chi
rieng sensor thap nhan dugc. Néu khong cé vat nao thi khong sensor
nao nhan duoc tin hi¢u. "Hinh anh" cta dé6i tuong chi gém c6 2 diém
anh (trong k¥ thuat xur ly anh, diém anh dugc goi 1a pixel).
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- programmable
vat thip controller

inputs outputs

béo déng

Hinh 6. 12: Hé thong quan sat 2 pixel

Tin hiéu vé doi tuong, tuy chi ¢6 2 pixel nhung ciing can bo phan
tich, vi du mot PLC. N6 s& duoc 1ap trinh dé:

- B4o hiéu cho robot néu c6 vat cao truéc mat. Vi vay robot chi phai
phan tng khi gap vat cao.

- N&i hiéu lénh cho ngudi néu chi c6 vat thdp truéc mat. Nhu vay,
ngudi chi phai phan ng néu gap vat thap.

Goi hé thong trén la "thi€t bi quan sat" co thé 12 hoi lam dung tur nay
va hé thong nhu vay cé 1& khong ton tai trén thuc t€, nhung nd cho mot
hinh dung ban déau vé thiét bl quan sat.

truyén théng ndi tiép

tin hidu tuong tu

Bét khung
il
i Ld{rliéu sé g
|
o
may tinh
- RS232C




Thi€tl bj quan sdt that su (hinh 6.13) ciing ¢6 cdc bg phan co ban nhu
hé théng vi du & trén. D6 13 hé thong don gian dé nhan dang chi tiét. N6
cd kha nang phan bi¢t cdc chi tiét trong trub’ng quan sét ciia minh.

He théng nhan dang ndi trén gém c¢o:

- Nguon sdng, tia sing do né phit ra sé bi phdn xa bdi vat va dugc thu
bé...

- Camera, bién d6i quang nang thanh dién nang, cung cap cho...

- Bo thu dnh (Framegrabber), gébm mach di(}n tir vd phdn mém dé
phan tich tin hiéu thanh cac.pixel va bi¢u dién ching dudi dang ma nhi
phan. So d6 phan b6 cdc difém anh goi 12 bitmap. So d6 nay sé ducc
chuyén t6i...

- Mdy tinh d€ luu trit va x\r 1y tiép. Mdy tinh sé& so sdnh so d6 diém
anh ctia vat v4i sa d6 diém anh chudn (goi 1a template) trong thu vién dé
xem vat thudc loat ndo. Mdy tinh sé chi cho robot biét chi tiét nd dang
nhin thiy la chi tiét nao, thong qua...

- Giao dién ddu ra. N6 chuyén tin hiéu tir hé théng nhan dang cho bo
diéu khién robot. Vi du, mot ma "H" (néu chi tiét 1a hop), md "C" (néu
chi tigt la c&r 18) s& duge truyén theo giao dién chudn RS 232,

Thi¢t bi nhan dang cang chinh xdc néu s6 diém anh trén mot don vi
di¢n tich anh (nghia la do phan giai) cang 16n. Don vi chuin cha d6 phan
giai la dpi (dots per inch). Man hinh mdy tinh ¢6 do phan giai c& /00 dpi,
con mdy in laser thudng cé dé phan gidi cao hon (c& 300 dpi tr6 1én). Do
phan giai ciia anh cang 16n thi t6¢c d6 xir Iy va dung hrong bo nhd cha’
may tinh cang phai cao. Kha nang nhan dang chinh xéc cha thiét bi quan
sdl can cho nhig trudng hop sau:

- Phén biét cac chi ti€t kha giong nhau,

- Phan biét sian phim 15t va phé phim,

- Str dung mau sdc d€ nhan dang doi twong,

- Do kich thudc cua chi tiét,

- Nhén biét vat can dé tranh va cham,

- Nhén biét khoang cdch va hudng ctia chi tiét,

- Nhan biét t6c d¢ va hudng chuyén dong cia déi tugng,
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- Nhan biét doi tugng 3 chiéu. _

Cdc thi€t bi nhin dang myc tiéu cita mdy bay ném bom, nhan dang dudng
cho cédc 0 10 ty li,... 1a nhitng vi du vé cdc thiét bi quan sat hién dai.

6.4. HE THONG DIEU KHIEN

Cac phdn trén da trinh bay vé hé¢ thong co khi (xuong ¢6t) va he than
kinh ngoai vi. Mudn diéu khién dugc robot cdn mot hé théng than kinh
trung vong. tiic la ndo bo. DS 1a he théng diéu khién.

6.4.1. Kién tric chitc nang

He thong diéu khién robot cén ¢6 cdc kha nang sau:

- Diéu khién chuyén dong cua cic co cdu co khi (manipulation
ability):

- Thu nhan thong tin vé trang thdi clia he théng va vé moi trudong cong
tac (sensory ability);

- Phan tich thong tin va phan éng trude diéu kién thyc t€ trong pham vi
xdc dinh (intelligent behavior ability); _

- Luu tri, x{r 1y va cung cap thong tin vé hé théng ( darc; processing ability).

Muén vay, bo diéu khién can c¢6 cac khéi (modul) co ban:

- Modul cam bién thu nhan, bién dé1. hiéu chinh, tdng hop thong tin vé
trang thdi cua h¢ théng va vé mai trudng.

- Modul t8ug hop, thiét lap mo hinh téng hop vé hé théng va moi
truong trén ¢o sG thong tin do modul cam bign cung cép. _

- Modul ra quyét dinh, dwa ra phuong thic hanh dong. Tir chién luoc
hanh dong, lap k& hoach, diéu khién hoat dong ctia co cdu dé thuc hién
nhiém vy theo tinh huéng cu thé.

Cac modul trén tir dong lién kél vdi nhau theo nhiém vu, duge quy dinh
trong chuong trinh, ¢6 tinh dén kha nang thich tng ctia hé thong trong tinh
hudng cu thé. Tuy vy, vin cin o6 giao dién véi ngudi van hanh dé khi can
con ngudi ¢6 thé ki€m tra, gidm sdt, can thiép vio h¢ thong.

Tinh dén cutng d¢ trao ddi thong tin giita céc modul v&i nhau vi giita
hé théng v6i ngudi van hanh, cdn ¢6 bo nhd chung dé lwu trit cac thong
- tin ban dau va thong tin cap nhét cia h¢ thong vi moi trudmg.



Cau tric chic nang trén dugc phan cép theo thu bac. Cdu triic bdc
thdp lién quan dén cic dich chuyén vat ly. Cdu triic bdc cao gan véi chiic
nang phan tich logic. Céc bac lién h¢ v6i nhau thong qua dong dit lieu. So
d6 trén hinh 6.14 cho phép nhin nhan tong quan vé cdu tric chiic nang va
cau tric thit bac cta hé diéu khién robot.

Tuy theo yéu ciu d6i véi hoat dong clia robot, cac chic nang dugc phéan
cdp v6i midc do khac nhau. N6i chung, 6 thé phan thanh 4 cap chinh:

- Cap nhiém vu (task level), gidi quyét cac van dé chung vé nhi¢m vu.
So sanh yéu cdu dat ra v4i kha nang chap nhan cta hé thong, tinh trang
hién tai cua hé thong va moi truong,...

- Cap chién lugc (action level), giai quyét phuong thic hanh dong
chung, vi du hé toa do, vi tri ctia phin cong tic, cac di€ém phai di qua,
ham noi suy s€ st dung,...
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TU SENSOR TRI THUG RA QUYET BINH
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Hinh 6. 14: Cdu triic chitc ndng va thit bac ciia hé diéu khién robot

- Cap ké& hoach (primitive level), thiét lap quy dao, tinh todn dong hoc
va dong hoc ngugc, phén tich tinh trang hé chap hanh,...

- Cdp thira hanh (servo level), lién quan dén céc hoat dong cu the, nhu
giai ma lénh, noi suy, xu 1y 16i, giao dién véi co cau chap hanh.

So dé trong hinh 6.15 cho phép hinh dung chi tiét vé su phan cap di¢u
khién. Trén thuc t&, khong phai h¢ diéu khién robot nao ciling c6 day du
cic cdp diéu khién néi trén. Hau hét caic RBCN khong c6 cap nhi¢ém vu.
Nguoc lai, mot s6 loai robot, nhu robot dung trong v tru, trong quan su,
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

bac diém quan trong clia robot 1a 1am viéc theo chuong trinh va tdi lap
trinh dugc. Chuong trinh la phuong tién dé ngudi sir dung truyén dat cho
robot cic nhiém vu ma né phai thuc hién va huéng dan cho robot lam
viéc do the€ nao. Vi vay robot cin ¢6 mot moi trudng lap trinh véi ngon
ngir lap trinh nhat dinh. Moi truong lap trinh, ngoai hé thong lénh va ham
nhu céc ngoén ngit 1ap trinh khac, con phai c6 kha nang gidm sat qué trinh
lam viéc cua robot va ¢6 phan ting thich hop. Néi cach khac, du hé thong
dugc thi€t k¢ chinh xdc va ty my dén dau thi cling khong luong hét duoc
moi yéu t6 bat trac. Chuong trinh phai cho phép robot phan tng hop 1y
trong moi tinh huéng. N6i tém lai, moi trudng lap trinh robot cin ¢6 céc
yéu 6 sau:

- Hé thong dicu hanh trong thai gian thuc.

- M6 hinh hod khong gian cong tac.

- Diéu khién chuyén dong.

- Doc va xur ly thong tin tir hé thdng sensor.



- Giao digén v6i hé thdng vat ly.

- Phat hién va xa 1y 18i.

- Phuc héi cée chifc nang lam viéc diing.

- C4u tric ngon ngir x4c dinh.

Nhu viay, moi trudng lap trinh bat ngudn tr ciu tric he diéu khién,
nghia la ¢6 két cau chire nang va tha bic.

Su phét trién cla moi trudng 1ap trinh phy thude vao khoa hoc mdy
tinh. Theo dinh hudng chifc nang cé thé nhan thdy 3 thé hé cla moi
trudng 1ap trinh: 1ap trinh kiéu 1dm mau (teuch-in programming), lap trinh
dinh hudng robot (robot oriented programming), ap trinh dinh huéng doi
tuong (object oriented programming). Thé€ hé sau thuong bao ca chic
nang cua cdc thé hé trudc.

6.4.2.1. Lap trinh kié¢u lam mdu

Day Ia phuong phdp lap trinh don gian nhat. Ngudi van hanh diing mot
thiet bi dac biét, goi la teach pendant hay truc tiép dan dit tay mdy thuc
hi¢n cdc thao tdc. Moi thao téc s& duge ghi nhd dé sau d6 tay mdy c6 thé
lap lai. Du ngay nay ngon ngit lap trinh dd phat trién, phuong phap lap
trinh nay hién van con duge st dung, vi du cho ngudi méi hoc lap trinh
hoac dé lap trinh cdc thao tic phitc tap, khé dién dat tryc tié€p bang ngon
ngif 1ap trinh bac cao.

6.4.2.2. Lap trinh dinh huong robot

Phuong phdp nay phdt trién trén co sd k§y thuat mdy tinh hién dai. Dic
diém co ban cla né la diing ngén ngit 1ap trinh bac cao, ¢ ciu tric dé mo
ta cic thao tic. Céc yéu t6 chinh clia méi trusng gém:

- Bé soan thao chuong trinh dudi dang text editor.

- Cu triic biéu thi dit liéu phikc tap.

- Sit dung cdc bién trang thai.

- Thuc htén cic phép todn ma tran.

- Str dung ky hiéu dé biéu dién heé toa do.

- C6 kha nang chuyén doi hé toa do vat trén cdc khau, khdp clia tay mdy.

- Dung k¥ thuét chuong trinh con, thi tuc, vong lap.

- C6 kha nang tinh todn song song.
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- Céc chie nang diéu khién logic kha trinh (PLC).

St dung moi trudng 1ap trinh dinh huéng robot ¢é thé tao ra céc giao
dién v4i cac thi€t bi khdc trong hé théng san xudt. Mat khdc, khong nhat
thict phai lap trinh tryc 1i€p trén thi€t bi ma trén mot tram fap trinh doc
Jap (offline programming). Mot cong cu lap trinh rat ¢6 hiéu qui 1
CAD/CAM, cho phép mo ta he théng va moi truong lam vicée dudi dang
do hoa. '

6.4.2.3. Ldp trinh dinh huong déi tuong

Lép trinh hudng d6i tugng cho phép tham nhap vao cap diéu khién cao
nhat: mo hinh od moi trugmg lam viée cla rebot nhu trong hé thong san
xudt thue. Trong he théng do robot chi 1a mot trong nhimng thiét bi, lam vice
dong b6 véi cac thiét b khdc. Do twong lap trinh va mo 1d 11 nhiém vu san
xudt cua cd h¢ thong chit khong phai chi riéng robot. Méi trudng 1ap trinh
nay déan dan mang cdc dac tinh cta hé chuyén gia va tri tué nhan tao.

6.4.3. Cau tric phan ciing

Thong nhat véi can triic chung ciia he théng diéu khién, phin cing
cling c6 cau trdc chifc ning theo thit bac. So dé cau tric phan cimg nhu
trong hinh 6.16.

Trong h¢ thdng nay, timg chic nang duge hinh thanh nhd bang mach
riéng. Tdc bang mach duoc lién k€t véi nhau qua duomg truyén (BUS) dit
licu. D¢ rong cha BUS phdi du cho ¢ée phép xur 1y thai gian thuc.

Bang mach (Board) hé thong, thuc chat 12 CPU, gém:

- Mot bo vi xu Iy véi bo déng xir Iy todn hoc,

- Mot EPROM cho ciu hinh hé thong,

- Mot RAM riéng (local),

- Mot RAM chia xé véi cac bang mach khéc thong qua BUS,

- Mot 56 cdng néi tiép va song song dé ghép véi BUS hodc cdc thiét bi
bén ngoii.

- Cic bo dém, thanh ghi v déng hé.

- Hé thong ngat.
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Hinh 6. 16: So' do cdu triic phdn ciing ciia hé diéu khién RBCN
Board hé thong thuc hién cdc chitc nang sau:
- Giao dién véi teach pendant, ban phim, video, mdy in,
- Giao dién v6i bd nhd ngoai (6 ciing) dé luu dit liéu va chuong trinh,
- Giao dién véi cic tram hoac heé diéu khién khac trong mang cuc bo (LAN),

- Giao dién vao ra (I/O) véi cdc thiét bi ngoai vi, nhu bang tai, nang ha,
do luong, ON/OFF sensor,

- Bo dich chuong trinh,

- Bo diéu khién BUS.

Board déng hoc thuc hién cdc chiic nang:

- Tinh todn dong hoc ctia c4u triic,

- Giai cdc bai toan thuan, nghich, Jacobian cua dong hoc tay may,
- Test quy dao,

- Giai quyét vén dé lién két dong hoc thira.
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Board dong luc hoc giai bai toan nguoc cta dong luc hoc tay may.

Servo board c6 cic chitc nang:

- Noi suy quy dao, _

- Thuce hién cdc thuat toan diéy khién,

- Chuyén di s6 - twong t va giao dién véi cdc bo khuyéch dai cong suat,

- Xir Iy céc thong tin vé vi trf v van t6c. |

- Ngat chuyén dong khj ¢6 Su ¢0. _

Céc board khic ¢6 cic chic nang xu ly thong tin tir cic sensor tuong ting.

Mac du cdc board déy truyén dir lieu qua BUS, t6c do trao déi dit licu
cua ching khong can giong nhau. Cic thong tin he thong cung cap cho
servo board can cap nhat nhanh nhat c6 thé dugc, nén t6¢ do trao déi cia
ching rat cao (700 = 1000) Hz. Board dong hoc va dong luc hoc chi thuc
hién cac phép tinh, khong truc tiép tham gia diéu khién he théng nén trao
dﬁithf)ng tin 6 tdn s6 thap hon (/0 = / 00) Hz. Vision board con trao doi
dit liéu véi tan s§ thap hon nita (7 = 10) Hz. Viéc - céc board trao doéi dir
lieu v6i t6¢ do khic nhau gitip phong ngiva tinh trang nghen kénh dit lieu.

Su phat trién cia ky thuat diéu khicn robot khong thé tach roi sy phat
tri€n clia cong nghe thong tin. Ban than bo diéu khién robot la mot may
tinh chuyén ding (hinh 6.17), bén canh nhiing nguyén tic chung, ¢6
nhiing dic diém rieng trong cdu tao va hoat dong.

Bus dir lieu ' /L

thigt bi
vaoira

Cac thiét bj
ngoai vi

Cd cau
chap hanh

Cac sensor
vi tri

Cac actuator
sensor khag

Bus dia chi
May tinh
khac
Bus diéu khién Thiét bi day
Cac thiét bj

san xuat khac

Iinh 6. 17: Bo diéu khién robot cé cdiu triic nhie mot may tinh



6.4.3.1. Bo xu ly trung tam

Mady tinh da gay nén sy phét trién déng ké clia k¥ thuat diéu khién
robot. Cac bé vi xu 1y (VXL) 8 bit, nhu Motorola 6800 hoiic Zilog Z-80
da timg duge st dung phé bién trong diéu khién robot. Ngay nay, phin
Ién robot da dung VXL 16 bit, vdi co-processor dé tang kha nang tinh
toan. Thong dung nhat {a cac bo VXL Intel 8086, 8088. Ngoai ting ddng
ké tdc do xu 1y, ching con ¢6 kha nang mo rong bo nhé dia chi, cho phép
diéu khién t6t hon van t6c va gia toc clhia phan cong tic v md rong tién
ich lap trinh. M6t s6 robot hién dai da ding bd VXI. 32 bit. Chiing Tat
thich hop vot kiéu diéu khién quy dao lién tuc.

6.4.3.2. Bé nhé

Trén hinh 6.18 14 so dé cau triic bo nhé ciia bo diéu khién robot.

Dia chi

N6é1 dung b nhd

lLoai bo nhd |

$FFFFF

S00000
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Hinh 6. 18: Su dé 16 chite bé nho cliu robot
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Bo dicu khién robot sir dung nhiéu foai chuong trinh, Tuy theo tam
quan trong, dugc phép thay doi dén mic ndo, chuong trinh didu hanh he
thong do nha san xuat cung cdp hay chwong trinh ctia ngudi ding,... ma
cac chuong trinh duge fuu trit trong ROM hay RAM.

6.4.3.3. Thiét bi vaoira

Thiét bi vao/ra clia robot (xem hinh 6.19) phuc vu cho nhiém vu diéu
khi€n, nghia la giao dién giita may tinh véi cic hé thong thiét bi trong
robot va cde thi€t bi bén ngoai:

- Thiét bi diéu khién cdc truc. diéu khién nguén dong liuc cung cap
cho cic tryc d€ thi hanh cdc nhiém vu clia robet. Mdy tinh diéu khién hé
thong chap hanh thong qua céc thiét bi nay. Ching c¢é thé 1a cdc servo
driver, inverter,... Chuing c6 thé bao g6 cd bo chuyén déi s6 - tuong tur,
cho phép mdy tinh diéu khién dong co mot chiéu. Néu dimg he diéu
khién servo thi ¢in thu nhan tin hiéu tir cdc sensor.

Mang truyén thong 4-—-—-/\':> May in

- Cac b0 didu khidn khae  |greesn Thiét bj luu trir
- Cac bd PLC [_!EEPRO_M,
- Cac Robot khac 6 dia mém)
E—— Cac sensor
. es . Chuyén déi ttu‘ang ty
P E—— N X .
Lap trinh offline A AD vaDIA » Cac actuator
ppr— p —- tuong tu
l Thiét bi quan sat I-('—D- € Cac chuyén
- L Giao dién /O ..‘_.‘ mach
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diéu khién truc

Hinh 6. 19: So do thiét bi vao ! ra cia robot



~ Thiét bi dav (Teach Pendants) o6 trén hdu hét robot. Loai don gian
cli cho phép nhé cic toa dd ma robat duoe dan qua d¢ sau dé lap 1ai.
Loai phic tap hon ¢6 the ¢ cdc phim didu Lhidn chiic nang, nhu chuyén
dong cdc true, md va déng kep.... va cdc lénh xir 1¥ chuong trinh, nhy ghi,
doc, chay chuong trinh....

- Cdc thiét bi rgoai vi, nhy mdy in, thict bj luu trit ngoai. man hinh. ...

- Uiao dién vot hé thong sensor. c6 the 1a <6 hay trong iy tuy theo
loui sensor vi thigt hi xir 1y,

- Giae dién voi cde hé diéu khién khde, nhu PLC, mdy CNC, robot vi
cac thi€t b san xuat khic ...

- Mang truyén thiong cuc bd hay dién réng.



Chuong 7
S{' DUNG ROBOT CONG NGHIEP

7.1. CAC LINH VUC UNG DUNG DIEN HINH CUA RBCN

Robot duoe sir dung trong moi linh vire: san xuat, quoc phong, nghién

ey khoa bec, dan sinh,... trong do, cong nghnép a not sir dung robot mot
cdch phd bién nhat. Trong cong nghiép. cling véi cac thiét bi cong nghe
v ¢dc thi€t bi nang chuyvén, robot ciing di duge théng nhit hod cao vé kel
cau va dng dung. Xu hudng ng dyng RBCN nham vao mor s trutng
haop chiabr nher sau:

- Cong viée buon té, dan di¢u, hoidc lam viée lién tuc ca ngay dém. vi
du van chuyén, xép dd hang hod, phuc vu mdy cong cu, 1ap rap, do luong,
bao g6 san pham....

- Cong viée nang nhoc;

- Cong vice ¢dy nguy hiém cho con ngudi;

- Ladm viée trong cdc moi truong khong 1oi cho sitc kho¢ cta con
nguol. ahu nong, doc, phong xa, dudt nude sau, trong long dat. ngoii
khoang khong vii try,...

Tuy robot dugce str dung rong rdi nhu vay nhung tai liéu niy cha véu di
sau vao linh vue tng dung rong rdi nhat cta RBCN, 1 nganh ché tao may.

7.2. CAC HE THONG SAN XUAT CO SU DUNG RBCN

Neay nay ngudi ta da dung tinh tir robot hod dé chi cic hé théng sin
xuat ¢6 st dung RBCN. Cin ¢ vao hinh thdi 16 chic san xuél, ngudi ta
phan biét 4 dang robot hod h¢ théng san xudt.

7.2.1. Robot hoa cac thiét bi cong nghé

Pay la dang iing dung don gian nhat cia RBCN, trong d6 thiét bi cong
nghé duge phuc vu boi mot hay céc robot (hodc duoc trang bi cd ciu phuc
vu dang robot) dé ty dong hod cic cong viéc phuc vu. Trong gia cong cit
got, cdc cong viée thudng duoc phuc vu boi robot 1a van chuvén phai vi
san pham. dua phoi vao thiét bi gd kep vi thdo san phim sau gia cong
(thay phdi), ddo phoi trong khi gia cong, xép san phidm vao gid, do san
phAm trén may hoic dira san phdm lén thiét bi do, Iam sach dé g4 hoac bé
mit chi tiét, thay dung cu,... Trong san xuat diic, robot thuomg duoc giao
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nhiém vu lap, dd khuon, rét vat liéu, lam sach vat duc,... Trong gia cong
ap luc, robot ¢6 thé dam nhan viéc dua phoi vao viing gia cong va lay san
pham, dao phoi khi rén. C& nhing trudng hop. nhu khi han, son.... robot
dong thai la thiét bi cong nghe, nghia 1a né truc tiép diéu khién mo han
hay ddu phun son dé hoan thanh nguyén cong cong nghé.

Yoo
1 ]
— / i
g =
= =
=

ke

Hinh7.1:

28

: - s 38 ¥ ,
a- So do may cong cu cé ldp robot L
kiéu PUTM-01.01.

b- So do cau triic va ving céng tdc l /J’///'; |33

&
ciia robot kiéu PUTM-01.01. % W’

‘I..‘.."_ T
% \\“ :\.\ e

Trén hinh 7.1 (a) la so d6 mot t6 hop gdm mdy tién ren vit diéu khién
s0 2, ki€u 1M1611M®3, duoc 1ip robot 1, kiéu PUTM-01.01. Phéu rung
3 d€ dinh hudng phoi trudc khi dua vao mdy. Robot nhat phoi di duoc
dinh huéng tir phéu 3. Chi tiét sau gia cong dugc robot 14y khoi mam cap
va dat lén khay 6.

T6 hop nay dung dé gia cong cdc chi tiét tron xoay, dung phoi roi cé
duong kinh 6+50 mm. dai 10+50 mm, khéi lugng duéi 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) 1 so d6 clia robot PUTM-01.01. N6 duoc thiét ké dé
phuc vu cdc mdy gia cong cat got, mdy dap nguoi va lip rap don gian.
Céc tinh nang k¥ thuat chinh ctia né trong bang 7.1.
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Bang 7.1: Tinh nang k¥ thuat ciia robot PATM-01.01

Tén thong so

Giatri |

Tén thong s6

Gi tri

Sirc ning (kg)

ac tr do

Kiéu truyén dong
Kiéu diéu khién

Sai s6 dinh vi (mm)

' Van t6c thang theo x/r/z (m/s)

0,1 Tam vuon 16n nhit (mm) 345
5 Di chuyén thang x/r/z (mm 50/150/50

chu trinh
4 Vin téc gbc theo /o (°/s) 6,2/1,53
10,1 Khai luong (kg) 30

Trén hinh 7. 2 1a so d6 khong gian cia t6 hop mdy - robot dé gia cong
co khi. D6 1a mot thiét bi van niing hep, ¢6 kha nang thay ddi cau hinh dé
thich ting véi su thay déi trong mot pham vi hep kich thuéc va hinh dang

chi tiét.

Hinh 7. 2: So dob khong gian ciia 16 hop mdy - robot

Vi du vé may cong cu duge mot robot doc 1ap phuc vu & trén hinh 7.3
(a). T6 hgp dung may tién CNC kiéu A616®3. Robot kiéu BPUT-10B c6
nhiém vu 14y phoi tir gid 3, cip cho méy tién va lay chi tiét 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 dén 200 mm, hodc chi tiét dang truc, dudmg
kinh dén 80 mm, dii dén 600 mm. Robot kiéu BPUT-10 trén hinh 7.3 (b)
dugc thigt ke’ dé phuc vu cdc may tién ban tr dong kiéu 1A730, 1A24011-
6, may phay ren 5K63, mdy tién CNC kiéu AT [IP-2M12. NS ¢6 tinh
nang cd ban nhu trong bang 7.2.

Bang 7. 2: Tinh nang k¥ thuat cua robot BPHI-10

Tén thong so

Gid tri

Tén thong so

Gria tri

S6 bac t do

Kiéu truyén dong

10

| 1260

chu trinh || Chuvén vi géc ofoe () 2107180 !
SSiondo 1§p b Vaﬁ mcg A qm(/s) s i
Sai 56 dinh vi (mm) | 203 || Khai lung kg 30 i
2 1135
TR -, 1|
-+ 4
5 1 ’

(a)

Hinh 7.3

a- So do may cong cu dirge

phuc v badi robo

t doc ldp.

b- Robot EPHI-10
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Trén hinh 7.4 1a robot phun son kiéu [TPK-20. N6 mang ddu phun son
va c6 d6 g4 dé xoay vat cin son.

Hinh 7. 4: Robot phun son kiéu IIPK-20

Trén hinh 7.5 12 robot kigu PUTM-05-01, phuc vu mdy dap tdm. N6 c6
2 canh tay: mot tay mang kim gap, tay kia mang 2 budng hiit chan khong.

Hinh7.5:
Robot kiéu
PHTM-05-01
phuc vu mdy
ddp tdm
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Trong san xudt dic, robot thuong duoc ding dé thay thé con nguvi
trong cac cong viéc nang nhoc, doc hai (nhu néng, bui, 6n).

Trén hinh 7.6 1a so
d6 robot cha hing
Toshiba, lam cong viéc
rét vat liéu & thiét bi
dic dudi dp luc. Phan
cong tdc cua robot 1a
thia 1, dugc kep trén
canh tay 2. Canh tay la

co cdu hinh binh hanh.

Tai vi tri I, thia mic
kim loai néng chay
trong 10. Luong kim
loai dugc di€éu chinh
nhd moét co cdu quay
dac biét 6, tuy theo géc
quay cua 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 buéng dp luc cla
may duc.

Hinh 7. 6: So do robot phuc vu thiét bi diic
ap luc

7.2.2. Robot hoa cac té bao san xuat

Té€ bao san xudt (manufacturing cell) 1 t6 hop, gom (cdc) thiét bi cong
nghé, (cdc) robot va cdc thiét bi phuc vu khéc, dé hoan thanh mot nhiem
vu san xudt doc lap. Cic thiét bi phuc vu c¢6 thé 1a thiét bi xép d@, dinh
hudng,... Méi t€ bao san xuét c6 thé hoat dong doc lap hoac lién két véi
cdc thiét bi hay t€ bao san xudt khac dé hinh thanh mot hé théng san xuat
(manufacturing system). T& bao san xudt c¢6 robot phuc vu duoc goi 12 16’
bao sdan xudt robot hod. Mot t€ bao san xuat tw dong hoa dugc diéu khién
baoi m()f]bo diéu khi€n chung (cell controiler).
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Trén hinh 7.7 (a) la so d6 mot t€ bao san xudt robot hod dé tién chi tiét
khoi luong dén 40 kg. N6 gém hai mdy tien CNC cing kiéu 16K30®3,
dugc phuc vu bdi robot kieu YM160®2.81.02. N6 ¢6 so dé nhu trén hinh
7.7 (b). Chu trinh hoat dong clia t&€ bao nhu sau: Robot nhat phoi trén ban
quay 3, dat vao mam cap clia mdy tién thit nhét dé gia cong mot dau. Sau
do, chuyén phoi d6 sang mady tién kia dé gia cong dau con lai. Cusi ciing,
chuyén chi tiét vao ban quay. Ban quay 180°, chuyén chi ti€t vé phia

gid chi tiét.

l ;I-”r {1
= —— T F— :++
- ‘-.} 7 ™, IEJ 1 E
7 H i
§ 3 %2000
(a)
8
&
Hinh7.7: 2 2
- N, R2300
(a)- So do té’ bao sdn xudt nr cdc

mady cong cu cung loai.

(b)- Robot kiéu YM 16092.81.02

(b)
YM 16002.81.02 la robot kiéu cong, dung dé phuc vu déng thdi cac
mdy cat kim loai. Tinh nang k¥ thuat co ban clia né nhu trong bang 7.3.
Bang 7. 3: Tinh nang k¥ thuat cia robot YM 16002.81.02

Tén thong so

Strc nang (kg)

Scu s0 dmh Vi (mm) _

Gia tri ~Tén thong so Gia tri
160 Tam vuon 16n nhat {mm) 2300
; : Chuyén : = (mm) _________________ oo
_______ o VantOCdal e >
YI'IM 331 Chuyen vi gbc 0 /92/(1 ) 90/90/90 180 ........
) ___Vdn . ggc[heoel/g_/a %) ________________ 051/05”025
105 ______________________ kin 1u.;mg(k g) ______________________________________________ s
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Trén hinh 7.8 la so d6 t€ bao san xuét dé gia cong tién - phay céc chi
ti€t dang truc c¢6 khéi lugng dén 160 kg. N6 gém ¢6 mdy phay - khoan
tam ki€u MP-179, mdy tién diéu khién s¢ 1B732®3, duoc phuc vu bdi
robot ki€u YM 16002.81.02. Robot 1 ¢é nhi¢m vu cip phoi cho cic may
phay 2, mdy tién 3 va chuyén chi tiét vio cic gid dung 4.

Hinh7.8:T¢
bao san xudt
gom cdc may
cong cu khdac

loai

Trén hinh 7.9 1a so d6 toan canh mot (6 hop san xuat tu dong, gom 6
mdy tién diéu khién theo chuong trinh s6, duoc phuc vu bdi robot
Kawasaki Unimate-5030.

Hinh 7. 9: So do toan canh cua t6 hop sdn xudt ti dong
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Té hop gom ¢6 kho chita ty dong 1; bang tai con lan 2 dé van chuyén
phoi va chi tiet; thiet bi van chuyén phoi tir bing tdi dén timg mdy céng
cy 3; cde mdy cong cu 5 v6i ta didu khién 4; bang tai chuyén phoi va
thing dung 6: robot 7; phong diéu khién trung tam nhd mdy tinh 8; ban
kiém tra (KCS) 9 va tram quan sat 10.

7.2.3. Robot hoa hé thong san xuat

Khéc voi (¢ bao san xuatl. phiém vu cta hé théng san xuit I hoan
thanh mot hay mot s6 san pham hoan chinh. Vi vay, mot hé théng san
xudt duge 10 hop tir cde 1€ bao san xudt vi cdc thist bj cong nghé, thiét bi
phuc vu don le. Vé 16 chiic, nguoi ta phan biét 2 dang hé théng san xuat:
ddy chuyén san xudt va cong doan sin xud.

Dady chuyén sdn xudt robot hod 12 16 hop cic 1€ bao san xual robot
hod, duge lién két véi nhau bang cdc thiét bi van chuyén hoic gém mot
s6 thiét bi cong ngh¢, duge phuc vu bédi mot hay mot s6 robot va cdc thiét
bi van chuyen.... dé hodn thanh cic nguyén cong cc‘mg nghé gia céng san
phdm. Day chuyén duge 13 chitc mot cach chat chd. Vé mat khong gian
va thoi gian, cdc thi€t bi cong nghé dugc sip x&p theo trink tuw cong nghé.
Vé mat thasi gian, nhip san xudt & ting nguyeén coéng (nghia 1a thot gian
hoan thanh nguyén cong tai méi thiét bi) phai bang nhau hoac bing boi
s6 cua nhau dé dam bao nhip chung clia day chuyén. D6i véi san xudt day
chuyén, phuong tién van chuyén khong chi ¢é nhiém vu van chuyén don
thuan ma con duy tri nhip san xudt. Chiing dugc b6 tri theo khuon dang
ctia day chuyén va tuan theo cdc nguyén tic nhat dinh. Trén hinh 7.10 1a
mot s6 so d6 b trf phuong tién van chuyén trén day chuyén san xuat
robot hod. Sy phoi hop mét cich dong bo gifta cdc thiét bi trén day
chuyén duoc dam bdo bai mot h¢ diéu khién chung (global controller).

Thi€t bi tren day chuyén gom: thict bi xép d&1, 2: thiét bi kiém ira
kich thudc cua phoi 3; cdc gid dung 4: cdu truc xép d& 3; bang tai 6;
robot 7; thiét bi van chuyén ¢6 b&n,nz‘mg ha 8; dutng van chuyén mot ray
9: thi€t bi van chuyén doc 1ap 10: tay mdy treo 11.

Cong doan sdn xudt robot hod khong ddi hoi phai 16 chite cdc thiét bi
cong nghé mot cich khit khe vé khong gian va thoi gian.
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7.2.4. Robot trong san xuat linh hoat

San xuét linh hoat xuat hién va phd bién vao khoang thap ky 80. Né Ia
ket qua clia su phat trién ctia mdy cong cu diéu khién s6, RBCN, k§ thuat
diéu khién ty dong nhd mdy tinh,... Mot hé théng san xudt linh hoat
(Fexible Manufacturing System - FMS) truéc hét phai la hé théng san
xudt ty dong hoa kha trinh (Programmable Automation System), dugc
robot hoa.

J 3
. — E’ TN )
x 1L | -0 M
: - Maéy céng cu : : . Miy cng cy
~J g ! Hogig ! |
: q Méy cong cu iy E I : Miy céng cu | 10
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\I lf Lé—] Lf Mdy cong cu l:g]
Maycong cu aﬂ ‘

Hinh7. 10: Mot sé dang so dé bo'tri dday chuyén san xudt robot hod
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Diém mau chét nhat dé phan biét FMS véi hé théng san xudt cing
(Fixed Manufacturing System) 12 & ché FMS c6 kha nang thich tng vdi su
thay déi doi tuong san xudt ma khdng cdn sit can thiép cita con nguei. Su
tich hgp he¢ thong thiét bi phdn ciing (hé thdng san xudt linh hoat, mang
truyén thong, hé mdy tinh va thiét bi ngoai vi) va phdn mém (hé diéu
hanh, hé CSDL,, cdc phan mém chic nang), cho phép thuc hién tu déng va
fron ven moi giai doan ciia qud trinh san xudt (1 thiét k&, chuan bi cong
nghe, diéu khién sian xudt, giam sdt chit lugng, bao géi, théng ké,...) hinh
thanh hé théng san xuat tich hop nhd mdy tinh (Computer Integrated
Munufacturing - CIM ).

Theo 1'OCT 26228-85, FMS duge dinh nghia nhu sau:

Hé théng san xuat linh hoat 13 t6 hop giita hé théng cong nghé (céc
mdy diéu khién s6, cdc t6 hop san xuét robot hod, cdc t€ bao san xudt linh
hoat, cdc thiét bi cong nghé don le,...) vi hé théng dam bao cdc chie
ndng 1am viéc wr dong ciia hé thong, ¢ kha nang ty diéu chinh dé thich
(ng véi sy thay doi bat ky déi twong sdn xudt trong danh muc.

H¢ théng didm bao chitc nang gdm ¢6 cdc he théng tur dong hoa thiét
ké"san pham, chudn bi cong nghé, van chuyén déi tugng, dam bao ding
i, gidam sdt chdt lwgng, thu va chuyén phoi, dicu khién.

Mot FMS c6 thé la mot day chuyén linh san xudt hoat, mot cong doan
san xuat hinh hoat, mot phan xuéng san xudt linh hoat. Né ciing duogce hinh
thanh tir cdc té€ bao san xudt linh hoat (Fixed Manufacturing Cell - FMC).

Vi du sau sé gifip ban doc so sénh gilta mdt t6 hgp san xudt robot hod
thong thudng vi mot 16 hop sdn xuét linh hoat.

o 7.2.4.1. Té bao san xudt tu dong hod thong thuong

Trén hinh 7.11 12 so d6 € bao san xuat tu dong hod dé han ddu ndéi 1én
bang mach dién tir. Cdc thiét bi trong hé théng gém: 1- bo diéu khien
robot; 2- bang tai nap bang mach; 3- bo logic kha trinh (PLC); 4- chao
quay; 5- bo diéu khién nhiét do; 6- gd han; 7- robot; 8- bang tai cho san
pham "tot"; 9- bang tai cho san phim "héng™; 10- ban kiém tra; 11- mdy
tinh (PC) ¢6 card giao dién va chuong trinh diéu khién thiét bi kiém tra.

Qud trinh 1am viéc cta t€ bao ¢6 2 gial doan:
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Giai doan I: Bing mach co so duoc chuyén vao nhd bang i 2. Bang
gd dat cudi bang tai, duge dicu khicn boi PLC 3 dinh hirdng bang mach
dé robot ¢6 thé nhat duge. Robot 7 chuyén bang mach tir bang tai len ban
o4 han 6. Cic dau noi duge chua trong chao quay 4. Cing nho su dicu
khién cta PLC 3. cdc dau noi dude tach riéng va dinh hudng ¢ dau ra cua
chio. Robot 1 nhat dau noi. dat vao dang vi tri quy dinh tren bang co so

G dat trude 1én ban gd han. Mo hin thi¢e, ¢6 bo phan on nhiét ty dong.

.

|
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= A

han chac ddu noi vao bang mach.

|

Hinh 7. 11 Sor do ¢ bao san xudt tie dong hod thone thicng
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Giai doan 2: (xem so do6 logic trén hinh 7.12). Robot chuyén bang
mach da duoc han dau ndi tr ga han 6 1én ban caa thiét bi thir 10. Qua trinh
thir dugc diéu khién bang mdy tinh 11. Két qua thir (16t hay hong) duoc
chuyén dén robot. Tuy theo két qua nhan ducc, robot sé chuyén san pham
t61 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. Cac bo diéu khién
khac khong lién hé truc ti€p v6i nhau ma qua bo diéu khién ctia robot.

5
—
Nhdn tin higu
“cd bng mach” Guf tin hiéw “dd
WwPLc I 1dy bdng mach”
i T8 kidm tra
Chuyén 16! bang
Nhan bang 7 “sdn phdm
mach tr (1} w6 (1)

GUf tin hidy

“dé ldy béng Chuyén toi bang
mach" tdi PLC ___—— tal "sdn phdm
héng " (&)
B4t bing mach
vdo gd Idp tai (2 Két qua "t6t"?
v—'—"'----_-d
Ahdn tin hidu Kidim tra

“co diu noi” " xong?

trPLE
Khdi déng
Nhdn.ddu ndi thiét bi
tir Y kidm tra

GUt tin iy
dd 13y ddu
ol e PLC

B3t ddu ndi lén
bang mach tal (2)

/ Y
"Whidr dg OK7?"

Chupdn bdng
mach td1 thidt
bi kidm tra ()

_ Ha md han
vd nhd kep

‘--..\\__‘ Ndng mad han

va cher..

e Khdi ddng co cdi
. kep va chd..

Hinh 7. 12: So do logic

“hoat dong clia robot



Toan bo chu trinh gém 6 budc:
I. Robot che tin hi¢u tir PLC, bdo bang mach da sin sing trén bang gi

cua bang tai. N&u ¢ tin hi¢u thi robot nhic bang mach lén. bao cho PLC
bict va dit bang mach lén gd han.

2. Lap lai cong vice nhu bude 1, nhung vé6i déi tuong 1a ddu néi.

3. Neéu bo diéu khién han KHONG béo hiéu "nhiét do OK” thi robot
ch cho mo han duge dot néng. Néu ¢ tin hiéu "nhiét do OK" thi robot
tac dong len co cdu kep clia mdy han. Nia giay sau (chd kep xong g). robot
tdc dong lén co cdu nang cho mo han (¢é thide) ti€p xtic véi cac chan cla
dau noi. Chd S giay cho qud trinh hiin hoan thanh, robot diéu khién céc ca
cau ha mo han, thdo kep, chuyén bang mach sang thiét bj th.

4. Robot phirt un hi¢u, bdo cho thiét bi thir biét di cé bang mach va
cho két qua.

3. Robot "doc™ ket qua thu. Néu "ON" thi chuyén bang mach sang bang
tdi cua sdn pham t6t. Néu "OFF" thi chuyén sang phia san phim hong.

6. Robot bio cho thiét bj thir biét 1a bang mach di durge lay di.

o 7.2.4.2. T¢ bao sdn xudt linh hoat

B¢ ¢6 thé nhan biét déi tuong gia cong va tu quyét dinh giai phdp cong
nghé tuong ung, so véi ¢ bio r ddng héa thong thudng vita mé t4 & phin
trén, FMC trén hinh 7.13 ¢6 thém cde bd phan sau: thiét bi doc mi vach 1
dé nhan bidt déi wong gia cong: bo diéu khién chung 2 clia t€ bao dé phdi
hop cdc thi€l bi: cdc chido quay 4 chia 1an 16n tat ca cdc loai ddu néi. So
v61 h¢ TOH thong thudng, qua trinh lam viéc chia né ¢6 céc dac diém sau:

I. T& bao ¢6 thé nhan mét s6 bang mach khic nhau. Cic bang mach
duge dua vao dr bang tai mot cdch ngiu nhién. Thiét bi doc mi vach ¢
nhiem vu "nhan dang" loai bang mach. N6 s& bdo cho bo didu khién trung
tam bi€t ma cua bang mach. Bé diéu khién trung tam s& yéu ciu cdc bo
di¢u khién khdc thuc hi¢n cdc chuong trinh twong tng. Do dé...

2. Déu n6i duge chon chinh xdc tir chdo tuong ting dé han,

3. Mo han duoc dira ding vi trf cia dau ndi trén bang mach,

4. My tinh diéu khi¢n tram thir theo ding chuong tinh kiém tra phi
hgp timg bang mach.

D¢ FMC ¢6 the noi ghép va lam viéc trong FMS, bo diéu khién t¢ bao
cin duge noi véi bo dicu khi€n he¢ thong (goi 1a Plant Controller). Khi
do, loai bang mach ¢6 the do plant controlier chi dinh nén khong cin ¢6
thi¢t bi doc il vach 1rén cac t€ blo nifa.
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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 xudt phu thuoc s6 thiét
bi cong nghé chinh ma ching phuc vu. Vi vay, truéc hét phai tinh s6
luong thiét bi cong nghé chinh dé hoan thanh nhiém vu san xuat.

SG thiét bi kiéu r dugc tinh theo cong thifc sau: '

Z 7-;{.'..1 NJ
S == (7.1)
60F,
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rong da:

I - thisi gian d€ hoan thanh maéi sin pham thit 7 tren nhéay thict bi »
{rh);

N .- 30 luong san phdm thit 7 cdn duoc hoan thanh trong 1 nam;

- 80 loat san pham ditoe hoan thanh trén nhém thict bi kicu r:

F- qu¥ than gian hoat dong cia nhém thict bi thit r trong 1 nam (gi).

Khi tinh sd luong robot phuc vu cho ting nhém mady, cdn tinh dén kha
nang phyc vu nhicu may va mat robot ¢é thé phuc vu nhiéu loat may khic
nhau. Di¢u kién d¢ mot robot ¢é thé phuc vu ahiéu mdy i su tuong r vé ket

cau, tinh chat vat Iy cha cdc chi tict dé khong phii thay the thiét bi kep trong
qud trmh hoat dong. Mat khéc. 1hdi gian timg chi€c khong duge qud nho. vi

du”, =23 ph. Vi cde digu kicn dé, s@ trong robot can thi¢t dé phuc vu cac
nhom lhul bi xic dinh [a
S
w —— (7.2)

trong do

S- 56 thiét bi cong nghe can duge phuc vu;

K, hé 6 phuc vu nhidu mdy cta robor, khong nén chon qud 4.
7.3.2. Tinh toan hiéu qua Kinh té khi sir dung RBCN

Hic¢u qua kinh (¢ cua viee trang bi robot duge tinh nhv moi truomg hop
dau tu co ban.

Chi tieu kinh 1€ quan trong nhat 1 kién qud kinh 16" quy doi:

K
H:C,}“C.':(G'{,+:i)—(G+-£) (7.3}

! e HY

trong {6:

/- higu qua kinh & hang nam nho trang bi robot;

., €~ chi phi quy doi khi st dung va khéng sir dung robot:

G. G- tong chi phi thudmg xuyén dé san xuat lugng san pham hing
nam khi str dung va khong sir dung robot:

K. K- diu tu co ban khi sir dung va khong st dung robot;

.- théi han thu héi von tiéu chuén (nam).
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Nice staung robot vl co et gua ndu £

Chi tiéu kinh 1 tha hai 1a 10 hian thae hoi vor dee i Vice xac diok
nd Yudt phat i dicy kicn, iong et hicm do giam ¢hi phi san sui vrong T
nam phat idn hon hodc bang van dao wthem do trang hi robot:

(G -Gl A - K
T diy ta nit ra didu kicn d¢ trang bi robot i
K- A

R A
' (r'_-(r‘



Chuong 8
TAY MAY CO KET CAU DONG HOC SONG SONG

Cic chuong trude méi de cap dén cde ray mdy ¢6 két cdu dong hoc néi

ticp (1r day s€ goi tat 1 ray mdy noi tiép). Con mot loai tay mdy nita trong
nhimg nam gan day di dwoc ing dung ngity cang nhiéu trong cong
nghi¢p va nghién ciu khoa hoc. D6 14 tay mdy 6 két cdu dong hoc song
song, s€ dugc goi 1at 12 iy mdy song song. D€ gitip ban doc ¢ cdi nhin
toan dién han vé robor, déng thai ¢6 co s& tim hiéu k§ hon vé cdc loai
mdy c¢6 két cdu dong hoc song song, trong d6 <6 tay mdy song song.
ching toi xin bd sung chuang "Tay nidy 6 két cdu dong hoc song song"”
trong lan tdi ban nay. Tuong tu nhu V6i tay mdy noi 1iép, chuong niy sé
dé¢ cap dén van dé phan tich vi tif v qu¥ dao cla tay mdy, dong hoc v
dong lue hoe tay mdy cd két cau song song, nhung ngin gon hon.

8.1. KHAI NIEM VA PHAN LOAI TAY MAY SONG SONG

8.1.1. Khai niém veé tay mdy song song

Trude khi néu dinh nghia vé két cdu dong hoc ndi tiép va song song,
cin nhac fai mot vai khai niem:

Chudi dong hoc (Kinematic Chain) 1a mot cum lap, gdm cde khau
(Link). dugc lien ket véi nhau théng qua cdc 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
Chain}.

Chudi dong hoc kin la chudi dong hoc, trong dé méi khau luon tuon
ditgre lien ket vor it nhar 2 khau khde.

Chudi dong hoc hd khong thod min diéu kicn trén, nghia 1 c6 ir nhdr
mol khdu chi duoe lién két voi Tkhdu khdac,

Nhu thay trén hinh 8.1, co cilu 4 khau ¢6 dang chudi déng hoc kin, con
tay mdy bén canh ¢6 dang chudi dong hoc hd. Trong chudi dong hoc kin,
hinh thanh céc vong fLoop). Ngudi ta da ching minh, gitta s6 vong doc
1ap L. s6 khau » va 50 khép j cé quan hé sau:

L=j-n+] (8.1}
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vi D =Dof + AL (8.2)

trong do

f; - s6 kh6p c6  khd nang chuyén dong. Vi du, khdp cdu ¢6 3 kha nang
chuyén dong.

Dof - s6 bic tu do caa co cau,

A - thong 56 dong hoc cla co cdu, gid tri ctia n6 dac trung cho khong
gian hoat dong. Véi co cdiu phing. A = 3, co cau khong gian c6 4 = 6.

Hinh 8. 1: Chuoi dpng hoc kin va chudi dong hoc ho

Vi du, vdi co ciu 4 khau trong hinh 8.1, d4p dung cong thic (8.1) cho
s0 vong doc lap:
L=j-n+l=4-4+1=1,

Co cdu ¢6 4 khdp tru, mdi khdp cé 1 kha nang chuyén dong (quay
quanh tryc), S6 bac tr do cia khau 12 Dof=1, 1a khau phing nén A=3.
Theo (8.2), ta ¢co

dxl=1+3x]=4

Thay (8.1) vao (8.2) ta duge mot cong thic rat thuan tién dé tinh s6

béc tr do Dof ctia ca cdu khi bi€t cau tric dong hoc chia né:
qu:/?.(j—-—n+1)+z_ﬂ—fp {8 3)

trong d6, £, 1a 56 chuvén dong triing gitta 2 khdp ké nhau. Vi du, gilta 2
khdp cau. khép cau va khép (ru, khdp cdu va khdp phang c6 | chuyén
dong tring, gitra 2 khdp phang c6 3 chuyén dong tring.
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Cdc tay mdy noi tiép ma chung ta da nghién ctu tir trude ¢é dac diém
chung la két cau cua ching c6 dang chudi dong hoc hé. Tay mdy song
song ¢6 két cdu chudi dong hoc kin.

Trong hinh 8.2 la dang két cau dién hinh cta ray midy song song, mot
Hexapod™'. Mot tay mdy song song thuding gom gid ¢ dinh (hay dé)
(Fixed Base), tdm chuyén dong (Moving Plarform). Hai tim nay duoc noi
v6i nhau bang cac chan (Limb hoic Leg). Chan gém 2 ong long nhau
hinh thanh khép truot. Thuong thi s6 chan biang s6 bac tr do cua co ciu
1en mdi chan duoc dan dong nhd mot dong co doc lap va duoc giam sat
vi tri nho cdc Sensor vi tri, thuong 12 cic Encoder. Cic co ciiu truyén
dong thuong duoc dat trén hoac gan gia 6 dinh.

Bong ¢

Phan
chng tac

Chan

1am /

c6 dinh

Fam
chayén daong,

Hinh 8. 2: Co cau dong hoc song song

Nam 1962, khi Gough va Whitehall thiét k& ra thiét bi thir 16p van
nang ¢6 6 chan, duoc coi la nam ra doi cta tay mdy song song. Tiép d6,
nam 1965 Stewart thiet ké ra gid moé phong may bay va cho dén nay cic
tay may song song dang nay van dugc goi la Stewart Platform. Nam 1983

"' Hexapod nghia 1a 6 chan.
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Hunt bat dau nghién ciru mot cach cé hé théng két cau dong hoc cua tay
may song song. Tur do, viéc nghién citu co cdu dong hoc song song duoc
xuc 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 t6 chic tai truong Chemnitz, Cong hoa
lien bang Puc vai chu dé Working Accuracy of Parallel Kinematics (Do
chinh xac lam viéc cua co cau dong hoc song song), trong dé nhiéu van
dé lién quan dén cau tric, diéu khién cdc robot va may cong cu co két
cau dong hoc song song da duoc trinh bay.

Vi cdc chan it chiu tai trong uén va tai duoc phan b6 cho nhiéu chan
nén co ciu dong hoc song song cé do cing vitng co hoc rat cao, kha nang
tai 16n, do chinh xdc cao, quéan tinh nho. Nhuge diém chinh cta chiing la
viing cong tac nho, khé thiét ké ca phan co khi 1an phan diéu khién.

Do ¢ cac vu diém noi bat vé do cimg viing va do chinh xdc lam viéc
cu0, cac co ciu dong hoc song song duge ung dung trong nhiéu linh vuc
khac nhau, trong do chu yéu la trong nganh k¥ thuat robot va nganh may
cong cu. Trong hinh 8.3 1a mdt robot song song dung trong y hoc, dang
ldy mau xuong chan cua bénh nhan.

Hinh 8. 3: Robot song song dung trong y hoc
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8.1.2. Phan loai tay mdy song song

Mot tay mdy song song duoc goi 13 d67 xiing néu két ciu cia né thoa
mén dong thoi cdc diéu kién sau:

- 86 chan bing s6 bac ty do cira tim chuyén dong.

- Loai va s6 lirong khdp duge phan b trén cdc chan 1 nhu nhau.

- 56 lugng va vi tri cia cdc khdp chil dong trén cac chan 1 nhu nhau,

Néu ¢ it nhit mot diéu kieén khong duge thod man thi tay mday song
song dugc goi 1a khdng dot ximg. Chuong nay chi dé cap dén tay may
song song dol xiing, trong d6 s6 chan m bing s6 bac tr do Dof va bang s&
vong kin L+/ (ké cd vong ngodi).

m=Dof = L+1 (8.4)

Néu got bac ty do ctia méi chan [ C thi tdng s6 bac tr do cha tit ca

cdc chan s& bang s6 bac tu do f clia tat ca cdc khép, nghia la

S, =Y7 (8.5)
k= i=l

trong dé m la s6 chan, j 12 s6 khdp trén tay mdy.

Thay cong thic (8.2) vao (8.5) va dé ¥ dén (8.4), ta nhan duoc
2C, =(A+)Dof -2 (8.6)
k=1

Mat khdc, s6 bac ty do cia mdi chan.khong thé I6n hon s6 thong so
chuyén déng va khong thé nhd hon s6 bac tu do cha tam chuyén dong,
nghia la:

A2C, > Dof (8.7)

Cic bicu thic (8.6) va (8.7) dugc ding dé phan loai két ciu cia tay
may song song. Tuong tu tay méy néi tiép, ngudi ta phén biét 3 loai tay
may song song. DO 1a tay mdy (song song) phdng, cdu va khong gian.

8.1.2.1, Tay mdy song song phing

Vai tay mdy phang 3 bac 1y do, 3 chan, ¢6: m = Dof = 3 va 4 = 3.
Thay ching vao biéu thitc (8.6), ta duoc:

C,+C,+C,=4Dof-3=9.

188



Theo (8.7), ta lat ¢co

| 320, 23

Tir day, ta thidy mdi chan ¢6 3 bac tu do. Thudng thi méi chin c6 2
khéu va 3 khop nen méi khdp chi ¢6 thé ¢6 1 bac tr do. Néu ding cdc
khop quay (R - Revolute) va Khép trugt (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 |4 so dé két cdu cha tay mdy song song. phing, 3 bac tr
do vdi 3 khép quay (RRR).

L

y

Dl
{L
a'l L. A

1 -_ ! - : 1 =

g PQ=QR=RP=c Z
P Q

Hinh 8. 4:Tay mdy phang 3 BTD. RRR

8.1.2.2. Tay mdy song song cdu

Trén tay mdy cau, quy tich cta cdc diém 1a cdc mat ciu doéng tam,
trong do tdm cita cac mat cau 14 tam chung cla co cAu. Tay mdy ciu ciing
¢6 thong s6 dong hoc [a 3, vi vay s6 bac (v do cla khau ciing 14 3. Loai
khop duy nhét cé thé dung o day la khdp quay va cong thic két ciu clia
cic chan 1a RRR. Truc quay cua cic khdp gap nhau tai mot diém. Pé
chinh la thm cila cdc mat cau quy tich (hinh 8.5),

189



7 Tém chuyén déng

. B :

4 N \6

C-Tam co dinh

A,

Hink 8 5: Sordo ket edie cita tay may can

§.1.2.3. Tay mdy song song khong gian

Tay midy Khong gian ¢ 4 = A, Thay vao bidu thite (8.6). 1 06:
DCo=tA+NDof ~ /4 =7Dof -6 (8.8
L

Theo (8.7 ta lai ¢6
6 =2C, > Dof. (8.9

il cde phuong trinh (8.8) va (8.9) vdi cide gid trj nguyen duong cua
C.ovan k=7, 2. 2 ta ohan duge sy phan loai két cau tay may theo sé bac e
do cua cde Khdp vi cha ede chan nhu trong bang 8.1.

S6 khau trong méi chan ¢6 thé wy ¥, mién 1 tong s béc ty do cua tat
ca cde Khdp bang 16ng s6 bac tu do cua cde chan. $o khép s& 16n nhat khi
dung ciac khap | bac tu do. Trén thue & méi chan chi ¢o 2 khau dé ndi de
Vol tam chuyveén dong.
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Bang 8.1: Phan loai tay may song song khong gian

| |

| Tong sJ bac w do clia

S6 bac tu | S6 vong kin | cac Khop: i bac i do b

e | EN S o
| 2 :;C,{ k=123..
it @i o e b o] 8 4.4
Y Jeit st 9% aeb arsne 5.3: 6,2

3 2 5 55,5
PRI & W PE DR | ROT R i 6,54:663
W, S 3 winde b odtyan22 6.6.5,5: 6.6,6,4
s B by 21 26 o) 29 6.6.6.6.5
N 36 6,6.6.6.6.6

Cdc phuong dn ¢6 the dé ba ti khop trén mbi chan nhu trong hinh 8.6,
trong d6 cdc phuong dn ¢. f. /1 ¢6 1 bac wy do tring, phuong an g ¢6 2 bac

tu do trung.

I R\/ l ‘ 1
S v S < 2
1 . -l_ S [ !__]
R R o
b) c) s d)
Chan & bac tu do
- 7 -
5 87
] r‘ 1 I_.. 4
g U St :
T ) — g) A

Chan 6 Lac i au

Hinh 8.6 Cdac phitong an ¢6 thé cia chan
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Trong s6 cdc phuong dn két cdu chi c6 cdc két cdu tuong dng véi chit
in dam trong bang 8.1 1a d6i ximg. Vi du, tay mdy - mdy phay song song
6 truc do Giddings va Lewis thiét k& nim 1995 ¢6 s6 bac nr do cua cic
chan 12 6,6,6,6,6.6. Trén d6, mbi chan st dung céc khdp cacdang - U,
truot - P, cdu - S (Universal, Prismatic, Spherical). Khép trugt & gida
duogc thue hién bang co cdu vit - dai 6c. Khi chidu dai cia cdc chan thay
ddi thi tim chuyén dong mang dao s& thuc hién chuyén dong cat.

Vi cdc tay mdy song 6 két cdu rdt da dang trong khi khuén khé ciia
tai li¢u ¢6 han, ching (01 chon mot logi dién hinh (hinh 8.7) ciia tay mdy
song song lam doi negng nghién ciru cho cdc phdn sau: phdn tich vi wri,
vdn 1c va dong luc hoe cua tay mdy song song. DO la tay may khong
gian, €6 6 bac tu do ., 6 chan vdi cde khap cdu - truot - cdu (6:SPS), goi a
Stewart-Gough Plarform @€ luu danh nhiing ngudi thiét ké ra né. Cdc
Khdp truegt duge thuc hién béi co ciu vit me - dai 6¢ bi hodc xi lanh thuy
luc. Nho sy thay doi chiéu dai cdc chan ma tam trén di dong, thuc hién
chuyén dong cong tac. Hinh déng bén ngoat cing nhu tng dung cia tay
may loai ndy nhu trong hinh 8.2, Theo cong thic (8.3) va chd ¥ rang két
cdu trén ¢6 6 bac ty do trimg thi $6 bac tr do cia tay mdy la:

Dof = A(j=n+1)+ f, = f, = 6(14-18-1)+(6+3x12)-6 = 6

8.2. PHAN TICH VI TRI CUA TAY MAY SONG SONG

Phin tich vi trf cua phan cong téc ndm trong s6 nhimg bai todn co ban
nhit clia dong hoc tay mdy, nhdm gidi quvét van dé tink todn va diéu
khieén qu¥ dao cong tde. C6 2 loai bai todn phan tich vi tri:

Bai toan thuan c6 nhiém vy xdc dinh thé (vi ui v hudng) cila phan
cong tac khi biét gid trj cde bién khdp.

Bai todn nguge nham xdc dinh gid tri céc bicn khép dé dam bio quy
luat chuyén dong clia phin cong téc.

D01 vél tay mdy ndi tiep, bai todn thuan twong d6i don gian, nhung bi
toan ngudc khd phac tap. Nguoc lai, bai todn nguge cia tay mdy song

song lai don gian nhung bai todn thuan lai phitc tap. Bii todn nguge ¢o
thé ¢6 nhiéu nghiém, tuy thudc s6 fuong cic bac ty do thita,
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Hinh 8. 7. Tay may khong gian 6 xSPS (Stewart-Gough Platform)

8.2.1. Mé ta hinh hoc cua tay may

Pé mo ta vi tri ciia tdm di dong so vdi d€ ta gan hé toa do Alx, v, z) 1én
d¢ va hé toa do B(u. v. w) 1én tam di dong nhu trong hinh 8.7. Chuyén vi
cua tam di dong so v6i d€ dugce thay (hé bang chuyén vi giGa hé toa do
B(u, v, w) so vdi hé toa do A(x, y, z) va duogce biéu dién bang vector chuyén
vl 7 vd ma (ran quay R;. Ky hidu u, v, w 1a cdc vector don vi trong hé toa

do di dong B(u, v, w), ma tran quay R, c6 thé duge viét nhu sau:

Ry =lu_ v, w (8. 10)

u., v, W,
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- + ; - - < . . & A b + —~ 4
L& cdc vector don vi, cde phan 1l cua ma trdn R, phii thoa min dong

thai cde diéu kién:

vl vul =1 (811
v+ 1/] +37 =1 (8. 12)
11,’_3 + 11-‘_‘: 4- } =1 {8.13)
Uy Auv o +uyv ={ (8. i)
uw +uow o tuw =0 (8. 15)
VoW R ow vy =0 (8 Io)

Kyméua =fa . u.ajva b’ =ih_ b . b ]lcic vector bidu dién
vitri cua tam khép ciuv A, B, (v&ii = 1,2, .6) trong hé toa 4 Arx, v, o).
6 the viét phuong trinh vector vong Kin tuong ttag véi chan thid i nhu sau:

LT =p+Rb" ~a, §17)

Chieu dai ¢, cla chéan thit i nhan ducc bang cdch nhan va hudng vector
71:? vGi chinhi né:

d' ={p+RD" —a | [p+ Rib"—a] v6ii=12..6 (8 18

Khat trier v& phii clia bidu thire (8.18), nhan dugc:
di=p' p+(b/ Vb 1+a’a, +2p"[R] bi1-2p a, - 2ARbB" ] a,

(8.719)

He 6 phuong trinh dang (8.19) bidu dién the clia tam di dong so voi dé,
trong dé A" vi a, 1a cdc vector hang, phu thude vio két cau clia tay mdy.

8.2.2. Pong hoc nguoe

Dot vdi biu todn dong hoe nguoce, da bidt vector chuyén vi p vit ma tran
quay R, ctia hé toa do B so véi heé A. Can phdi tim chiéu dai cla cdc
chan d, (i=1.2....6). Don gidn chi bing cich 1dy can bac 2 ca 2 v& cua
phuong trinh (8.19), ta nhan dwoc 15i giai:

d = i\/ p'p 4 (51 B+ .af a. +2 pR; (’?*j__?p—a — 2[;*? by “,

4
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Vi chiéu dai ctia chan khong thé am nén ta ldy gid tri duong trong biéu
thire (8.19),

8.2.3. Bong hoc thuan

Trong truomg hop nay, da biét chidu dai o, cGa cdc chan, cdn xdc dinh
vector chuyén vi p va ma tran quay R, cua tam di dong so véi tAm dé.

Vector chuyén vi p ¢6 3 dai lugng vo hudng, con ma tran quay RJ;),’ O
9 dai lugng vo hudng cdn xdc dinh. Nhu vay bai toan cé 12 4n. Tuy
nhién, 9 4n twong lng véi R} chiu 6 diéu ki¢n vuong goc, duoc hieu dién
bang cdc biéu thie tir (8.11) dén (8.16). Khong lam mat tinh tong quit
cua bai todn, ta dat:

- Goc O cuia h¢ toa do ¢o dinh tai tam khép ciu A,.

- (Goc P ctia h¢ toa do chuyén dong i tam khop ciu 8,

Khidéa, =a;,=a,.=0vab, =bh, =b, =0.

Tir do, phuong trinh (8.20) tré thinh:

dy=p=ypl+p+p: (8.21)

Khat (ri€n bic¢u thirc (8.20) v6i i=2.3.....6 vi thay (8.21) vao, nhan
duoc:
bilpa, + pat, + puj+ b (py, + pyF P+ b (pw, + j)_\ W+ pw.) -

a P p-ap - bfaar + dptt, +a ) -bofa.v, + @y, +av) -
bofayw, +amw, +awj+ k=0 vii=23..6 (8. 22}

trong d6 &, =(a,_ +a, +al +b, +b> +b. +d* —d*)/2.

Phuong trinh (8.21), 5 phuong trinh (8.22) véii = 2.3..6 va 6 phuong
trinh 1t (8.11) dén (8.16) lam thanh hé (2 phuong trinh véi 12 4n 1a 3
thanh phin cua vector chuyén vi p va 9 thinh phin ctia ma tran quay R .
Diy 1a he phuong trinh bac hai, ¢6 rit nhiéu nghiém (nhiéu nhat 1a 2"
nghi¢m) va rat khé giai biang phuong phdp truyén thong. Bang phuong
phap 56, Raghavan (1993) da tim dugc 40 (& gidi khdc nhau cho bai todn
dong hoc thuan cta tay may Stewart-Gough.



8.3. JACOBIAN CUA TAY MAY SONG SONG

Phan phan tich vi o m&i chi giai quyét van dé vi tri tvong doi cia
phan cong tdc 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 toc chuyén
dong cta phan cong tic. Tuong ty bai toan vi trf, bai todn van 16¢ cling ¢o
bal todn thuan (Direct Velocity Problem), trong dé bict trude van toc
chuyén dong clia cdc khdp, cin xéc dinh van (6¢ clia phin cong tdc va bai
toan ngugc (Inverse Velocity Problen) dé xéac dinh van toc clia cdc khap
nham dam bdo van t6¢ (biét trude) clha phan cong tdc.

Trong chuong 2, khdi niém Jacobian di duge dua ra dé biéu dién moi
quan he gitta van tdc khdp va van 16¢ clia phan cong tdc. Mot cach 16ng
qudt, Jacobian 12 mot ma tran (Jacobian Matriv) ding dé chuyén déi van
toc trong khong gran khdp sang van 16¢ trong khong gian cong tic va
ngugce fai. So vl tay mdy ndt Ucp, bal tudn vin 10C cua tay may song
song phuc tap hon nhi¢u do ton tai nhiéu vong dong hoc kin. Nham minh
hoa phiong phiap chung dé giai bai todn van t0¢ cla tay may song song.
phan nay cling 1y tay may khong gian 6 bac tu do kiéu Stewart-Gongh
tam doi twong nghién ciu.

Thong s6 ddu vao cua bai toan |3 vector van t6¢ § =[4,+G~s-G,1"
con thong so ddu ra 14 vector, duge mo ta béi van 16¢ clia gdc P cua hé¢
toa dd di dong va van toc géc cna tdm di dong:

Xx=| (8.23)
W,
Ma tran Jacobian c6 thé duge xdc dinh tir phuong trinh vector vong kin
ctia moi chan, Theo so do trong hinh 8.7, ta ¢é:

OP + PB, =0A, + AB, (8.24)

Do ham theo thai gian hai vé cua phuong trinh trén, nhan duoc:
v, tayxbi=q0 xs +q5 (8.25)
trong d6 biva §; Ky hidu vector PB, va vector don vi theotrue 4 8,

w, 12 van tdc gée cua chin thit ¢ so vai he toa do6 co dich A, D¢ khu i,
chung ta nhan vo hudng hai v& cua phuong trinh (8.25; vir 4
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Ef-.vp + (5,. x;,-).(r)ﬁ =g, (&8.26)
V&i ¢+ = 1,26 nhan duoc 6 phlr(mg trinh dang (8.26) va ching duoc
chép thanh ma tran dang

Jox=J ¢ ' (8.27)

trong dé

r:: ([T?: X;'i)r_
(Bj X;:)r

J,o=0 i vaJ, =1 (matrandonyvi6 x0).

-
a

-7

Sh (b{] X Sy )

Tu day ta nhan duge thong s6 ddu ra ciia bai todn thuan:

VAR
X = — (! = —{} {S 28}
Jo
Do vdi bai tedn nguge. ta c6 quan hé nguoc lai:
L _
g=—x=Jx (8. 29}

.

o

J duoe goi la ma tran Jucobian, hay don gian [a Jacobian.

8.4. PHAN TICH TINH VA HO CUNG VING CUA TAY MAY
SONG SONG

Khi tay may [im vi¢e, né tic dung lire hay momen (thudng duoce goi
chung 1a hee) vao moi trudng. Phan cong tic chinh [ vat 1eong tic gitta
tay mdy v6i moi trudng. Luc tic dong phdt sinh 1t ddng co. thong qua cdc
~khau va khdp chuyén dén phian cong tdc. Trong tay mdy ndi ticp, dudmg
truyen lye la mot chudi dong hd. cdn trong tay mdy song song, lue duge
truyén qua mot s0 nhdnh chudi dong song song. Phan tich tinh fay v
nham vée dinh hee 1de dong lén cde co cdu va trang thii cin héng ciia
ching. Keét qua phan tich finh duge ding dé ddnh gid tinh én dinh cla cic
ce cau khi Jam viee. Mit khdce, gid trj lyc vi momen tic dong 1én cdc
khau, khap cho phép tinh todn dé bén clia cdc khéu, tinh todn cdc 6 trong
cde khdp, chon dong co vi tinb todn cde b truyén. Do tinh phic tap cla
minh, van dé phan tich tinh tay mdy dong hoc song song di ducce nhiéu
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nha nghién clu quan tam: Bayer (1960), Chace (1962) diing phuong phap
vector, Yang (1963) dung phuong phip vecror va s6 boi bon, Asada vi
Slotine (1986}, Gossclin (1990). Paul (1981), Tahmasebi va Tsai (1993)
vai phuong phap cong khd di,...

Trong muyc nay chiing ta s& nghién ctru phuong phép biéu dién luc tinh
ldc dung 1én tay mdy va chuyén déi luc giita cdc hé toa do. Su truyén dan
luc tir dong cd 1én phan cong tic ciing ¢6 thé duoc biéu dién qua ma tran
Jacobian. Sur phan tich finh tay mdy cling dan dén phan tich do cing
vitng. Quan hé giita luc tdc dung 1én phdn cong tac véi chuyén vi cia néd
duge bidu dién thong qua ma tran do cung {Stiffriesy Matrix).

8.4.1. Phan tich tinh tay may song song

Bai todn phén tich tinh cua tay mdy song song phitc tap hon rit nhiéu
s0 V3L tay may ndi tiép. Phuong phip thuong duge diing ¢ day 14 phuong
phdp can bang lie va momen hoite phuong phap cong ki dr.

8.4.1.1. Phuong phdp can bdang luc

Cdc chan cua tay mdy song song thudng duge ciu tao béi 2 khau.
Ching lién két véi cdc tdm bang cdc khdp quay hoac khép cdu. Néu
khong ¢6 ngoai fuc tic dong thi chiing thutmg chi chiu luc kéo hoac nén
doc truc. Vi duy, trén tay mdy ki€u Srewari-Gough (hinh 8.7), cdc khau chi
chiu Tuc tic dung di qua tdm 2 khdp ciau. Nhe phat hién ndy mi bai todn
can bang duge don gian hod rit nhiéu.

Sau day. chiing ta dung tay mdy Stewart-Gough 1am vi du phan tich.

Gia sir goc O cta hé toa do ¢6 dinh ndm tai trong tfam cla d¢ va céc
truc ¥, v ndm trong mat phing chua cdc tam khdp cdu A, Tuong tu, goc P
cia he¢ toa do di ddéng nam tai trong tam cua tam di déng vi cdc truc u, v
nam trong mit phing chita cdc tam khép cau B, Hon nita, gi4 thiét bo qua
trong luong cua cac khau. Chiing ta cdn tim lue phdt dong tai cdc chan f),

Luc va momen tai cic khép truot duge coi la noi e, Do 2 diu ding
khép cau nén khong ¢6 momen nao duge truyén qua cic chan. Mat khdc,
phan e tai cdc khép ciu phdi hudng theo dudng AB, néi tam céac khap.
Vi vay lyc do chan thit i (i=1,2,...,6) tic dung lén tdm di dong cd thé duoc
viét nhu sau:
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=1 vili =1.2,...,6 (823}
trong dd £ I cudmg do caa lue. s, vector don vi hudng tir tam khép
ciu trén d€ 161 tam khdp cdu trén tam di done.
Vay phuong trinh can bang lyc tdc dung ién tam di dong duge vict nhy
sau:

F= Zf 5. (8.31)

rong dd. vé phat 13 tong cide hye do cie chan tic dong. ¢on ve trdi 1
lue do tai treng 1dc dong vie tAm di dong.

Tuong u, phuong trinh can bang momen guanh tam P do cic lue gay
nén:

6 . _
M= b xs, (8. 32}

trong do gf- = :P_B l# canh tay dou. nghia 4 vector di tir 1tam P d&n
diém dat lwc. Moi phuong tinh (8.31) va (8.32) biéu thi hé 6 phuong
trinh tuyén tinh. €6 the viél gop ching dudi dang ma trin nhy sau:

Ji

1T s <. o
F —|_ ‘Sl__ N .S__ ) B 5:’3_ [ _f.j (8 33}
—ﬁ'/j-(J blx-s'l b.‘. RO ) bf\x‘th :

/s

Phuong trinh (8.33) bidu dién su chuyén doi gilta cdce tue phat dong va
lite duge hinh thanh tai dau ra cia tdm di dong, trong dé bi vi 5. 1a cic
vector di bict tir két qua phan tich dong hoc tay mdy. Néu biét cie ue
phit dong f; thi ¢6 thé xdc dinh luc va momen 16ng hop £ va M (bai todn
thuan) va nguge lai, néu biét juc vi momen yéu ¢du tai diu ra thi co thé
tinh cdc lue phidt dong can thidt (bal todn nguac),

8.4.1.2. Phuong phdp céng kha di

Nhu da biét, ¢6 2 loai khap: khap cha dong (¢6 lue phédt dong) va khép
bi dong (khong cé luc phit doéng). Néu gia thiét bo qua ma sit tal cdc
Khdp va trong Tue thi phan luc tai cdc khép bi dong s€ gay nén cong kha
di. Ky hi¢u:
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A = [F MJ" 1a vector luc va momen do phén céng tac sinh ra;
r={1. .. 1]’ 1a vector clia cic momen hoac e phit dong tai cac
khép: '
¢ = [4,. ¢»... ¢,] 12 vector chuyén vi clia cdc khép chi dong;
= [ov, Sy Sy’ 1a vector chuyén vi clia phan cong téc.
Nhu vay, cong gay nén boi tdt ca cde lyc tdc dung bing:
TYq ATy =0 (8. 34
Mat khac. gilta chuyén vi cta cdc khép ¢ va chuyén vi clia phin cong
tic X ¢d lign he véi ma tran Jacobian ./ nhu sau:
G =Jy (8. 35]

trong do J 1a Jacobian da duge dinh nghiz trong cong thite (8.28) va
(8.201.

Thay bic¢u thie (8.35) vio (8.34), nhan duoc

(74 -Aljy=0 (8. 36)
Vi chuyén vi v khi ¢6 hue tic dong ludn luon khic 0 nén
7r-Al =10 (8.37)

Tur dé ta ¢d quan he
A=Jr (8. 38)

Bicu thite (8.38) cho phép xdc dinh by trén phin cong téc A khi biét
fue phat dong 7 va quan hé gifta chang duge biéu dién thong qua ma tran
Tacobian f.

Sau day chiing ta s€ dp dung phuong phdp phan tich trén cho tay mdy
Steveert-Gough,

Thay ma tran J tir bi¢u thite (8.27) vio bidu thire (8.38) véi chi ¥ ring
J, =1 ta nhan duoc:

',
p “:s F i .§'|_ B _\'3_ _ .\'n_ ‘/‘.3 (8 39)
M _h! X5 haxss .. haxse|
e

K&t qua la ta nhan lat duge bicu thite giéng nhu (8.33).
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8.4.2. D¢ ciing vimg ciia tay may song song

Khi chiu lye tac dong, do bién dang dan héi cha cdc khaw, khdp ma
phin cong téc cia tay may bi di chuyén khoi vi tri ban ddu. Luong
chuyén vi phu thudc gié tri lyc téc dung va d6 cing vitng chung ciia co
hé. Do cing vimg cta tay mdy anh huong tryc ti€p dé€n do chinh xdc dinh
vi cia phin cong tdc. Vi vay, trong nhiéu trudng hop, do cimg vimg cha
tay mdy duge dimg nhu mot thong s6 phan héi ctia bo didh khién rebor.
B0 cimg vimg chung clia robor phu thude nhiéu yéu td, nhu kich thudce va
vat licu cua cic khau. co cdu truyén din co khi va bo diéu khién. Trén céc
robot ¢6 cdc khau dai, mdnh nhu robor ding trong vil tru, thuding céc
khau 1a nguyén nhan chinh gay nén chuyén vi. Nguoc lai. trén cdc robor
cong nghiép. cac khau thudng rat cimg vitng nén nguén gdc bién dang lai
nim & phin truyén ddn co khi va chdp hanh.

Vin dé do cing vimg cha tay mdy song song ciing thu hit nhiéu nha
nghién ciu, nhu Gosselin (1990), Kerr (1989), Lebret va cong sy (1993),
Tahmasebi va Tsai (1995). Xudt phat ur thyc &, gia thiét ring cac khau la
cimg ving tuyét doi vi ngudn gay chuyén vi ka hé truyén dong co khi va
h¢ thong servo,

Ky hi¢u:

r= {7, %, ... r,f Lt vector momen vA luc phdt dong tai caicl_kh(rp,
Agq = [Aq,, Ag,. ... Ay ] la vector chuyén vi ctia cdc khip,
AX = [Ax. Av.... Aw] la vector chuyén vi clia phédn cong tdc.

Giira lyc phdt dong 7 vi chuyén vi Ag cia cic khdp cé thé xic lap méi
quan hé¢ thong qua ma tran chéo n x n dang y = diagfk,, k.. ... k,/ nhu
sau:

T= 14(; (8. 1)

Mat khdc, gitra bién dang Ag cia cic khdp va chuyén vi AX clia phan
cong tic c6 mdi quan hé:

Ag = JAX _ (8.2)
trong do, J 1a ma tran Jacobian,

Thay biéu thac (8.41) vio (8.40) rdi thay két qua vao (8.38) (a nhin
duroie:

[
=



A = KAX (8. 3]
trong do K ducc goi |a ma trdn do ciing cua tay may song song:
K =J'yi (8. 4)
Bicu thifc (8.42) ¢6 dang gidng nhu quan hé thong thudng gida luc tic
dung 1én co cdu va bicn dang dan hot cua co ciu dd. Ma tran d6 cing 1a
ma tran déi xiong, drong v phu thuce két ¢di cha tay may. Hon nita, néu

cdc chan 1a giong nhau va do cing cia cdc chan 1a &,=k, =...= £ =k thi
ma tran d¢ cdng cua tay may tré thanh:
K="rI'] (8.5).

boi véi trudng hop tay mdy Stewart-Gough, néu biét do cing k cha
cac chan, thong qua ma trin Jacobian (8.27) ta dé dang xdc dinh ma (rén
d6 cing K cua co cdu.

8.5. DONG LUC HOC CUA TAY MAY SONG SONG

Viéc xdy dung cic mé hinh dong luc hoc va tinh toan déng luc hoc tay
mdy ngiy cang déng vai trd quan trong trong nghién cttu ching. C6 thé
ké ra day nhitng ang dung ciia cic mo hinh déng luc hoc, nhu:

- Mo phong dong luc hoc cic co cilu cia tay mdy. Nhg cdc phan mém
phén tich vd mo phong dong luc hoe ¢6 thé kiém nghiém phén ing ciia co
cdu trong nhimg diéu kién khdc nhau ma khong cén thi€t bi thuc, Hién
nay co rit nhiéu phin mém ki€u nhu viay, nhu ADAMS, ALASKA. Mot
xu huéng ddng chii ¥ I cdc chiic nang phan tich vi mo phong dong luc
hoc co cau dugce tich hop trong moi trudng CAD (Computer-Aided
Design - Thist ké'c6 trg gitip ctia mdy tinh) dé ké thira kha nang mo hinh
hod hinh hoc va kha ning biéu dién dé hoa manh cta CAD. Hang loat cdc
phan mém tich hop nhu vay dang dugce sir dung pho bién, vi du:

Muotion Designer, MSC Visual Nastran la cic phdn mém phan tich
dong lue hoe, duge vigt dé chay trong cdc moy trudng CAD khic nhau
nhu Awtodesk Mechanical Desktop, Autodesk Inventor, SolidWork).

CATIA, Pro/Eingineer 1a cic phin mém tich hgp CAD/CAM/CAE.

- Bé thict k& he diéu khién robot: xiy dung luat diéu khién dam bao
cho robot lam viée theo chifc nang, quy dao, van téc, luc,... quy dinh.
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- Cung cap s6 licu dé tinh todn cdc co cfu, nhy tinh d6 bén va do on
dinh ciia cic khau, tinh &, tinh dong co va truyén dong cd khi.

Co 2 loai bl todn dong luc hoc:

- Biii todn thuan. trong d6 bi¢t trude lye va momen phdt dong tai cac
khép. phai tinh luc va momen trén phin cong tac. .

- Bai todn newoe, phai xdc dinh lwe v momen cdn cung cdp cho céc
khép dé dat momen v luc cho trude tai ddu ra (phan cong tic).

Yuong ty nhu phéan tich dong hoc va phan tich {inh. bai todn ngugc cua
dong hoc tay mdy song song don gian hon nhiéu so voi bat todn thuan.
Ciing do tinh phic tap cila bai todn thudn ma né it dugc giGi thiéu trong
cic i lieu pho thong ma chi cé bai toan nguge ctia dong luc hoc tay may
song song duge gidi thiéu.

Trong khi dong hoc tay may song song duoc nghién citu kha manh mé
trong vii thap Ky qua thi cdc cong trinh nghién ciu dong luc hoc mdi chi
ditge cong b han ché. Cdc phuong phép kinh dién da duge (ing dung nhu
phuong phdp Newton-Euler: Do va Yang (1988), Tsai va Kohli (1990),
Guglielmentti vd Longchamp (1994). phuong phip Lagrange: Lebret
(1993), Miller v Clavel (1992), Pang va Shahingpoor (1994); phuong
phap cong kha di: Codourey vi Burdet (1997), Miller (1995), Tsai (1998).
Phuong phip Newton-Euler doi hoi viét phuong trinh chuyén dong cho
(it ca cac khau nén dan dén s luong phuong trinh khd 16n. Phuong phap
Lagrange dat hi¢u qud cao hon nhung cling chi c6 thé giai dugc vai céc
mo hinh don gian hode don gidn héa, vi du, coi méi chan la mot chat
diém c6 khoi luong 1ap trung. Phuong phdp cong kha di hign dang 1o ra la
hiéu qua nhat {7]. D& ddp Gng yéu ciu ing dung thyc t& trong diéu kién
khuon khé ¢6 han clia ti ligu, chiing 16i chi gidi thi¢u hai phuong phép
hay dung hon. D6 1a pluong phdp céng khd di va phutong phdp Lagrange.

8.5.1. Phuong phap cong kha di

VGi moi mo hinh tay may song song, chiing ta st dung cdc ky hiéu
sau:

£ - Iuc t8ng hop (k€ ¢a lyc phdt dong) dit tai trong tam cua khau thir 1.
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.- luc quan tinh dat tai trong tam cua khau thit iz £ = -my,.

fi- L+ f

S, - luc téng hop dat tai trong tam cua t&m di dong.

f; - luc qudn tinh dat tai trong tam cta tdm di dong: fp =-my,.

j;’ } fp + f;:

n, - momen tong hop (k€ cd momen phdt dong) tai trong tam cia khau
thir .

n,- momen quin tinh dat tai trong tdm coa khau thi @
n =—Id -o x(I'o).

A-n +n _

n - momen tong hgp dit tai trong tam cha tdm di dong.

*

n,- momen qudn tinh dar fai trong tim cha tdm di dong,
n,= _lﬁ @, = @, % (]f’ a),v) '
n,-n,+n,
g- vector do dai cua chan chi dong, g=/d,. d,. ... d.]'.
X~ vector 6 thanh phdn mo ta vi tri vA hudng clia khau thit /.
X, - vector 6 thanh phiin mo-t& van téc dii va van tde gde clia xilanh
. . . . N P ¥
(j=1) hoac piston (j=2) cua chan thi /. X, = [vm_ +v, o+ vﬂ.‘_] .
X~ vector 6 thanh phan mo ta vi tri va hudng cia tdm di dong.
x - vector 6 thanh phan mo ta van 16¢ dai va van t6c gée caa tam di

dong .\‘TP = [v;u_ +v, v ]T }
- vector momen va/ hoac huc phat dong.
& .)- chuyén vi kha di cta (.).
D¢ thuan tién, ky hi¢u lue xodn [3; 1a tong hop xoin (luc vA moment

tic dung va quan tinh} dat tai trong taim cua khau thi 7



F ["} (8. 6)
1,

Tuong ty, ky hi¢u lyc xoén F, 14 tdng hop luc xodn tac dung va quin

tinh dat tai trong tam cia tdm di dong:

F = [j } (8.7)
n,

Nhu viy cong kha di cua 1ay méy song song bing:
&]TrJr(?iriﬁijZdrfﬁ =0 (8. 8)
Chuyén vi d¢ ctia cde khdp chih dong ¢6 quan hé v6i chuyén vi clia tiin
di dong v, thong qua ma tran Jacobian J, clia tay mdy:
& = J,dx, (8. 9)
Tuong tu, chuyén vi &y, ctia khau thit i ¢6 quan hé véi chuyén vi cla
tim di dong dx, thong qua ma tran Jacobian J,, cta khau thit i:

ox; = J,ox, (8. 10)
Thay (8.48) va (8.49) vio (8.47), nhan duge
&S+ F 43S F) =0 (8.11)

Bi¢u thirc (8.50) ¢6 gia tri v&i moi chuyén vi kha di &,. Tir d6
JIr+F, +ZJf’ﬁ; =0 (8. 12)

Chi ¥ rang cdc lyc xodn trong cong thire tren duoc gia thiét 1a dat ta
trong tam cua cdc khau. Vi vay, néu ¢6 lyc ndo dat ngoai cdc diém tren
thi cin duge quy vé d6 trude khi thay vio cong thie.

N6i chung, trén cdc tay mdy song song, s6 khdp chi dong biing s6 bac
tu do cua co cdu nén vector lue phit dong r duge xdc dinh nhu sau:

r==J (F,+ 2 JF) (8. 13)

Sau day. tay mdy Stewart-Gough duge dung dé minh hoa phuong phép.
So do tinh todn nhu trong hinh 8.1, Trong so dé nay, géc O clia hé toa 4o
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tinh duoc dat tai toa do trong tam cha dé, con g6c P clia hé toa do di dong
duoc dat tai trong tam cha 1@m di dong. Chan thit § duoc dai dién bdi
vector d,. Gan vao mbi chan mot hé toa do C(x,, ¥, z,), trong d6 goc tritng
vai tam khdp cdu A7 true z; hudng theo dudng A,B; truc v, song song vdi
vector tich c6 hudng ctia céc vector don vi hudng theo truc =, va z; truc x;
duge xdc dinh tir y, va z; theo quy tac ban tay phai.

Hinh 8. 1: So do tinh 1odn déng liwe hoe tay mdy Stewart-Gough

Thu tuc tinh todn qua cdc budc sau:
8.5.1.1. Xdc dinh cdc ma tran Jacobian

D¢ xic dinh ma tran Jacobian clia tay mdy, ta viel phuong trinh van
toc v, cha tam khdp cdu trén tdm di dong nhu sau:
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Vy TV, @, xb =J, X, (8. 14)

trong do

(8. 15)
LO l bi}' - bi.\' O

Chuyén v,, trong biéu thiic (8.53) dén hé toa do trén chan thi /-
[J:;,-x
wo=Jx, =00 (8.16)
L
trong d6 J;, = R'J, 12 ma trén 3x6 véi cic hang nhu sau:
T =lcb00, s§cO —5B —b.spc0 b 50, beded +b o -
hchel +b, 5,6 |
Ta=losg cq 0 ~boeg —busp bshbcd]
S =leds0. 5456, €O —b.5¢s6,—b,c6, bchs6, +b,cO, -
b,cgs0, +b,5¢56,] (8.17)

Sir dyng cdc ma trin hang & trén, ¢6 thé xdc dinh dugc van téc ciia cic
chan nhu sau:
d." = J:ﬂr':'tp (8 }’8)
Viet phuong trinh (8.57) 6 lin cho cdc chan, duoc 6 phuong trinh vo
hudng va gop ching thanh ma tran dudi dang:
g=J.x, (8.19)

trong do J, duoe goi la mu tran Jacobian cuua tay mdy:

o
‘]h]:

hl

J;;'}_

J, =7 (8.20)

]h

L Atz ]
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Dé xay dung cic phuong trinh dong lyc hoc cho céc chan, ching ta
xay dung so d6 tinh nhv trong hinh 8.2, trong d6 méi chan duoc tich
thanh 2 khau la xilanh (khau 1) va piston (khau 2).

Hinh 8. 2: So d6 dong liee hoco ciia chan

Ky hiéu ¢, 1a Khoang cdch gitta A, va toa do trong tam cta xilanh thd i/,
¢» la khoang cdch gilra B, va toa do trong tam cia piston thit . Vin toc
cla diém B, so véi toa do trong tam clia chan thit i ¢6 thé duoc tinh tir vin
toc géc @, cha nd:

v, = d‘.(u: N +a'ff..5'{. (8.21)

208



Tir day 1a tinh duoc van 10¢ gée cta chan tha i

. R
N { :
O, = —({(5 Xv, )= —1 v, i r8.22)

d, d.! ;)”J

Tuong 1w, ta tinh duge van 10e dai cua toa do trong tam cua sitanh va

piston nhu sau:

: . : le | I
L S (7 R —‘ Vo (820
d,
1o
T ats 1
vl —ee s s r f\ = ' (d —c 0l TS
o i

Chuyén vé khong gian cang tic, cde bicu e (8 610, (8.02) v (K 6.3

oo Jang:

A
I
£} . s 39
L (]
N
IERARE N 20
of i
o
Efn’:_ e nd
b oh
V.= ? fef ‘{}/, . fc\’..:,?J
of I o L
U
Fong hop eae phaong minh (5.04), {8.65) vis (8.06) ta nhiu ducc:
X, =/, % (8. 28]
A A 1. 29)

trong Jdo
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e,

hix

eJ!

EY by

. 0

Jl’! :——L 16 (8. 3()}
(]f _'J;m

J,

| 0

(d —e.)J!
(d —e,)J,|
d, J;‘

) (8.31)
H_J:;fn-'
J-:rr
0

hix

I=fr |

hix

hiv

g =

Py

Q.|_

B3]

la céc ma trgn Jacobian cta xilanh va piston thi trén chan thit .
8.5.1.2. Xdc dinh cdc luc xodn
Gia thi¢t luc duy nhét tic dung lén tay mdy 1a trong luc, vector tong
hop ctia cic lye xoan qudn tinh va lyc xoén tdc dung tai trong tam cia gis
¢6 dinh bang:
el .} g m ) v 3 :
F o= J = re (8.32)
P ] a) — @, (1 )
trong dé 1: = Rl;'];“le 1& momen quén tinh cta tdm di dong quanh
trong 1am cua 06 va duge tinh theo tam dé,
Tuong tu, vector 10ng cdc ngoat lyc vi luc qudn tinh tai trong tam cla
xilanh va piston, tinh theo hé toa d6 trén chan:

S m R g —m v

O N (8. 33)
n. | | Le - x| o] )

~ Fi nRg —m,,

F = |l makig Y (8. 34)

f
|
| o .l\l
L~ !() mx{/ ;Y|

R

.,
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Chd ¥ ring, do tinh d6i xing nén cdc ma trdn qudn tinh cha tdm di
dong va 6 chan déu la cidc ma tran dudng chéo,

8.5.1.3. Phuong trinh chuyén dong

Dén day, ching ta dd cd thé dp dung nguyén 1y cong khad di d¢ xay
dyng cdc phuong trinh chuyén dong. Phuong trinh (8.51) ¢6 thé duge vict
lai nhu sau:

T B ST Fra() FL1=0 (8.35)

i=1

Chi y rang trong phuong trinh (8.74), ﬁp dugc tinh trong hé ¢o dinh
A, con ﬁ;: va 16'2’;. dugc ldy theo chan thi 7 sau d6é chuyén sang hé ¢& dinh
nh& cdc ma tran Jacobian coa céac khau. Tuong ty, cic momen phit dong
r duge xdc dinh trong khong gian khdp sau d6 mdi chuyén sang hé c&
dinh nhd ma tran Jacobian cia tay may.

Thay cdc phuong trinh (8.69) va (8.70) vio (8.74) va don gian, nhin
dugc: -

JI+EY+ F +JIF +JTF, =0 (8. 36)

trong doé
._Jlf'lrl\'
J’?-" (8.37)
Jh

LY At _|
[ 1
Jhl_l'
"
J-

hly

J_‘: _' (8.58)

Jﬁ

frivye

211



('Ji.fl'l_\'—f_{(';‘ _0: }f_"n + § +ﬁ’l|
d,
. ('|f;:_\ +{d: ¢ )f:\ +ﬁl:l- +ﬁ::1
A = : = b))
] . (!: (:\ J))J
f')l-f‘lr:__—i_{(/ _(’ }f Thiy Hn +n‘“ts1
o
r ~ - R . 7
(’;,f”, +(d1 "'(’:}j:n “Hy i
d
- C|f|:1- +(“’_r - )le +’31:‘ +ﬁ::-.
f"._ = ‘/‘}: (8. i
('} flfn (j _e )f + "}‘h\
d(! _J!
Ja.
F: = 2= (& 4;}
_‘f:fs;
rong do, f. . f,. vi £ 1a cic thinh phin . v,z cua flovaa

va n .
£l

1

1a cdc thanh phan x, v

Loeta i

Tir phwong trinh (8.75) ¢6 1hé tinh duge lue phit dong dé nhan dugc
dac tinh chuyén dong cdn thiét, vi du. hiing phuong phip loas 1rir Gauss,

Dung phuong phdp cong khi di ¢6 thé toal trir duge cde luc vis momen
lien két. Vi vay phuong phip ndy hi¢u qua hon phuong phip Newton-
Euler va phuong phap Lagrange.

8.5.2. Phuong phap Lagrange

Trong chuong 3

» chiing ta di ¢6 dip tim hidu v¢ Gng dung cla phuarng

phdp Lagrange trong tinh toin dong lue hoc tay may noi ticp. Trong muc
nay, ching ta s¢ img dung phuong phip niy d¢ gidi bai todn dong lue hoc

3]
[ ]

-



tay mdy song song. Tuyv nhién. do tinh phic tup cua loal tay mdy nay,
chung ta chi de cap dén bai todn nguge. Vi du minh hoa cho phuong phap
Ia tay may 3 bic tr do do trudng dai hoc Maryland thict ké (tir diy s€ goi
la tay may Maryland),

8.5.2.1. Co so ciia phuong phap

Phucong phip Lagrange dya trén sy can bang nang lugng cua hé thong
trong trang thdi chuyén dong. Trong qua trinh 1am viéc, nang lugng cua
hé thang gom: dong nang. thé nang v nang luong cua ngoai luc tic dung
phdi can bing. Hon nifa, trong tay may song song ciing (0n tai cdc toa do
thita. nghia lia 8¢ toa do 22 1dn hon sd bac ty do cha co ciu. Véi nhimg yéu
16 trén, phuong trinh Lagrange ¢d dang:

{1 CL A Loal
< ({—) - —0!— =+ Z/?., b voij=1=n {8.42)
di dq, Oy, o 0q.

trong do

L = 7-U - ham Lagrange. 7 - t6ng dong nang, U - téng thé ning

coa he

¢ =14, ¢ ... g,] - vector cac toa do 16ng quat

O =70, O. .. 0] - vector cdc ngoai luc tic dung 1&n tdm di
dong

1 - hiam lien K&t iha d

k - 50 ham lien két, bang higu gitta 56 toa do 1 v s bac wr do clia
Ccor cau

/. - nhan 1 Lagrange.

D¢ thudn 1ién cho qud trinh giai. cde phuong trinh trong hé (8.81) duge
chia thanh 2 nhém. Nhom thit nbit chia cde an 1 cde nhan tr Lagrange.
Nhom thit hai chita cdc an ta cie tue tong quat do cée co ciu phdt dong
sinhra. Gid thict & phueng trinh daw lién quan dén céce a do thiea va n-k
phuong trnh con lai lien quan dén cdc bién khop. Nhom phuang trinh
ddu ¢6 dang:

ar. d  JL

s L

aL -
g, dt oq, g,

0 (8.43)
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trong d6. @, - luc téng quat sinh ra béi cic ngoai luc (néu c6).

D6i v6i bai toin nguoc, O, da biét, nén vé phai cia hé (8.82) di biét.
Hé¢ nay c6 & phuong trinh v6i & 4n 12 cdc nhan tir Lagrange A,. Sau khi di
biét cdc nhan (i Lagrange, cic luc phit dong duoc xdc dinh nhd nhém
phuong trinh thit hai:

d oL oL &
Qlf'
df aq,” ogq, 3

=k+l+n (8. 44)

_a’

8.5.2.2. Ung dung cho tay mdy Maryland:

Tay mdy Maryland cé dang nhu trong hinh 8.3, Tay mdy ndy cé 3
chan giong nhau dé néi d€ véi tdm di dong. Mdi chan ¢6 phdn trén va
phin dusi. Phin chan trén ducgc hinh thinh bdi co ciu binh hanh 4 khau,
Gitra cdc phin ctia chan va 2 tAm dugc néi v6i nhau bing cic khdp quay
A, B va € vai céde truc song song. Dudng tam cla cédc khép B va € gap va
vuong goc vdi truc doi xtng cda binh hanh. Co cau ¢6 3 khép chit dong la
céc khdp quay gan vdi dé 6,,, 6,.va b,

Hinh 8. 3: S0 dé chung (trdi) va kich thide chan (phdi) ciia tay mdy
Marviand
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V@i k€ ciu nhu trén, tay mdy Maryland c6 17 kbau va 21 khép. S6
bic tir do chung bang:

Dof = An—j—D+Y f,=06017-2]-D+21=~9.

Tuy nhién, do céch bo trf cdc khau va khdp ma nhiéu lién két trong cac
khép 12 triing (thira), cudi cuing co cdu ¢6 3 bac tu do tinh tien. Cic chan
khong thé quay quanh truc z vi céc truc x,. Tam di dong khong thé quay
quanh mi chi c6 thé chuyén dong tinh ti€n theo 3 phuong x, y, z. Tay may
Marvland dugc ding lam thiét bi iro 3-D.

Phuong trinh (8.81) dai dién cho hé 6 phuong trinh cé 6 dn: 3 én la cdc
nhan tf Lagrange: A, (i = [, 2, 3) vd 3 &n 1a c4c luc phat dong O, vdi j = 4,
5,6). Chi ¢ ring cdc luc O, v6i j =1, 2, 3 12 3 thanh phén x. v, z cha ngoat
Iue tdc dong tai trong tam P cua tdm di dong. C6 the nhin duge cc ham
lien k&t 7, vdi chit y rang khoang cdch gitta cdc khdp B, va C, diing bing
chiéu dai phin teén b clia chan:

I =BC -b =0

hay
T =(p. +heg —red, —achc0,)’ +(p, +hsg, —rsd, —asdc6,) +
(p. —asg,) ~b> =0 vori=l 2,3 (8.45)

Pé don gidn, gia thiét trong tam clia than chan trén nam o trén truc doi
xting va chinh giita 2 ddu B, C. Ching ta $& xay dyng ham Lagrange nhu
sau:

Téng dong nang clia tay mdy bing
or

T=T,+3(T,+T,) (8. 46)
i

trong dé, 7, - dong nang cua tdm di dong; T, - rotor déng co va khau
phit dong va T, - dong nang ctia 2 phin cta chan thy 7:

! . 2 .2
/ RN
71(! = —;(]:n + —ma )9H
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/

- !
I, = ——m (p +p + )+—_}m_,.1

rong dGm i, vx m,- lan luat fa Khoi luong ¢
phat dong viy cua 2 phén chan; /,

oan trén méi chan.

Cha thidl gia 1oc trong truomg hudng theo tryc --,

thé ning cua fay mdy doi vdéi mat phang co dinh vy

frong daé.
SN
!

LT asl),

boo=mg (p 4 asO )

a4

Thuy cac bicu 1hite (3.83) viy (8.86) v i={ 23

nhin dugc:

I Lo .o Lo
L= S =3 ypt - Pl
] I ; N : L0
" (. ST e W v ) - ()
’ n
N Ve s g Y

L o ham him Lagrange Wng ng vii 6 tog
i
il . .
i (';_ Shear o N 2 . i f)
dt ip : p.
”" ’ ’( 3 ol
d=Am + 3, VL = {)
f/f r;? "7/').
u'i fm[ N "I[J
el ={m_ + I, Vi, -l =
(f1 (p ' ap.

2116

af;
ua 1dm di dong. khau

T Momen qudn tinh hudng true cia rotor

Tuoag tu nhu réen.
biing:

vao hint Lagrange.

.
Pom g P,

(8 48

0 16ng quat. ta nhan
. - "

=(m, +3m, )



(_“—) = (j.w ._j;mu'q} + }nhaj )é” " —p{‘_- = _(é— mu + mh )gcacg..’!)

a’f o8, 0o,

d ("L ] oL I

— (=== —m r +m,a 6’ ——=—{—m +m acl,,
C{f((,)(; ) ( 3 (‘ ) 80!3 (2 o b)g( ,_)
d Ol ! . o oL b

—A—)=U, +t=—ma +ma ), K —=— m +m, g act
n’f ( (19;\\ ) ( o j, o h ) i (,.}9” (2 h )g H)

Lay dgo hiun riéng cua ham tién két 7] theo cdc toa do 1ong quat, ta
duoc:
cl , . .
= Ap Fheg -reg —acgcd,) vali=1,23
ap,

g\ .
i__ =2(p, +hsd. —rs¢, —asd.ch,) voii=123
t P. '

T ..

Ar 2p.~us0,) voi i=1,2,3

an.

ol
T(;_ - _F)(I[J”\'("¢f' + ;)1 S¢J’ -L h - r)sg” _p:cg'”)
ca,, '
_?_r-’._ ={) var i =23

co,,

o

R - vai = 1,3

4.,

I' .

.'(I() =2alpcg,+p s@,+h—rds 0,-p.cb,.)
i

Ty e

e,

3N
i }‘- = Z2erd 7 \_(’Qﬁ; + p‘_,S‘(ﬁ: + /- )8 Gu "' p_—Cgf.f)
it ' -

Thay tat ca cde dao ham trén vao phuong trinh (8.82) va (8.83), ta
nhan dugc h¢ phuong trinh dong hre hoc.

Vo j=/,2, 31a co:
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22 Ar'(px + hc¢r‘ - rc¢:' - ac¢r'cgh) = (mp + 3mh)pr - -fpx (8 49)
=1
3

ZZ Ap, +hs@, —rsg, —asgcl,)y=(m,+3m)p, - f, (8 50)

3
2> Ap, ~ash,)= (m,+3m)p, +(m +3m)g. — [, (851

=1
trong d6 £, f,... /- 1a cdc thanh phan x, y, z cia ngoai luc dat 1én t4m di
dong.
Véij=4,5,6tacs:

T, =({, wt-;—a2 +mba3)f§” +(%ma +m,)g, acl, —

2aA,[(p.cd + p,sd +h-r)sb,, - p,cB] (8.52)
r, =, +%a2 +m,a’)d, +(éma +m,)g.ach,, -

2a,[(p,cd, + psp, +h-r)s8, — p,c6,] {8.53)
r, = +7;~a3 +m,a> )8, + (jz—m[r +m,)g.acl, -

2al,[(p.cg, + p,sgy +h—r)s6,, - p.cO,,] (8. 54)

Céc phuong trinh (8.88) dén (8.90) hinh thanh hé phuong trinh dé x4c
dinh cdc nhan tr Lagrange. Sau khi dd xdc dinh duge chiing, ta giai hé
phuong trinh (8.91) dén (8.93) dé xdc dinh céc luc phat dong. Hai nhém
phuong trinh ndy ciing dugc dung dé digu khién robot theo thdi gian thuc.
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Phu fuc
HE THONG DIEU KHIEN TUYEN TiNH

Trong mot 56 chuong cua tai litu nay cé dé cap dén cac hé thong didu
khién clia robot, trong d6 chil y&u 1a céc hé thong dicu khién tyén tinh
co phan hoi. BE tao thuan loi cho ban doc khi nghién cifu cic chuong trén
chuing t6i s& nhac lai mot $6 van dé 1y thuvét lien quan. Cic ndi dung sé&
dugc trinh bay theo trinh ty thiét 1ap he théng: tir mé td (mé hinh hod)
qud trinh, dén lap so d6 va thict 1ap ham truyén, phép bi¢n ddi Laplace,
tac déng diéu khien. cudi ciing la phan tich va danh gid hé théng.

P1. XAY DUNG MO HINH HE THONG

Hau heél cac hién tuong, qué trinh thue duge mo ta théng qua cac dai
luong vat 1y véi dac di€m chung la twong ne va lién e, Mac di diéu
khi€n $6 phat trién rdt nhanh, trén phdn 16n cdc thiét bj cong nghiép hién
nay van ding cdc h¢ diéu khién trén co s¢ cac dat lugng vat Iy va chiing
cling mang tén la cdc hé diéu khién nrong ur. Hon nita, trong diéu khién
sO ngudi ta cling k& thira nhiéu khai niem va luat cta k¥ thuat diéu khién
tuong ., chua k€ dén nhiéu h¢ thong lai giita s6 va twong .

Cac he dicu khién tuyén (inh duge mé t& bang cdc phuong trinh vi
phan bic nhat. U diém co ban clia cdc phuong trinh vi phéan dang tuyén
tinh la dé gidi hon rat nhiéu so vé6i dang phi tuyén. nén mac du rét it cic
qud trinh thyc ¢ twan theo quy ludt tuyén tinh, ngudi ta van c§ ging
chuyén ching vé dang tyén tinh, va vi vay | thuyél diéu khién tuyén
tinh duge tng dung phé bién.

Bude ddu ticn trong nghién citu qud trinh 13 xay dung mé hinh todn
hoc cua né. nghia 1a mo ta né biang cic phuong trinh hoac hé phuong
trinh, trong trudng hop nay 1a cde phuong trinh vi phan bac nhat. Sau day
l& hai vi du vé mo hinh vat 19 don gian.

C6 h¢ thong thuy lue nhu trong hinh P1, gém:

- Bé chita ¢6 1€l dién A khong déi va chiéu cao mue nuée k;

- Vin toc nude chay vao bé la x,, chdy ra khéi bé 1a x, (fit/ph);

Qua trinh ¢ap va xa nudce duge biéu dién boi phuong trinh vi phan sau:

dh
!

(P 1)

X —x,=4
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P1.1. Mo ta hé théng thuy tuc
Vian t6c nude chiy ra — Il £
khoi b€ x, duge han ch¢
bang van ¢é sitc cin R theo

quan hé: bl e — E s

[j.:-:'.:'
R — .i ha']; X, = ﬁ _
: R

X rye R s .
! Hinkh P 1: Hé thong iy e

Thay vao biéu thiie (P 1), ta ¢6
X, -~ Lo =4 dh hay AR dh +h = Rx, (P2)

- R di i
(P 2) la phwong trinh vi phan bac nhét véi bich dac 13

tham s6 ddu vio véi quy luar bi¢n thién cé thé khic nh
hang s6 hoac hinh sin (hinh -P2).

ap h. con x, 13

au. vi du dang

z 4 %) T

= /.,
t .‘. \_/t

Hinh P 2:Vi du vé quy ludt bien thion theo thoi vian cria dai one vae

Nghie¢m 1ong quit cia phuong trinh trén ¢6 dang
Ih=Ce’™ + RX, (P 3
trong dé. 7= AR dugc goi 1a hang sé thai gian,
V1 tai thoi diém ban ddu s = 0 6 /i = {}, nén
O=C)+RX, > (C, = -RX,
va 1a ¢6 nghi¢m cudi cling

=RX(]-¢") iy
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Hung s0 RX, xac

dinh gid tri on dinh ma

it dat duge sau thoi gian ._ e
du 16n. Hang so thoi ST
ghan 7 cang ton thi heé s
thong cang lau dat 1éi £

v

trang thai on dinh. V¢
mat vat Iy, ching ta
thay be cang rong (A
lny va she cian cug van Flinh P 3 Phin h;'?i"{,’ Clid h(_; Hf(:?}i‘g Lt (.f(_”l
cang cao (R 1ém thi ¢ ficnig vao Ia hdany sé
cang fon.
P1.2. Mo ta hé thong dao dong ¢o hue can
Tren hinh P4 fa so do he dao dong. ¢6m khoi lugng tap trung M. 10
x0 6 do cung K va giam chdn ¢é hé s6 K, Néu tac dong mot lue K v vao
dau 16 xo thi khoi luong M s€ dao dong véi bién do v. Phuong trinh vi
phan mo ta dae dong ¢d dang
d v th

MOET ek, Y LKy =Ky (PS)
' dt

Trong  phuong  winh
rén. v la dan lueng vao, v

ta dai luong ra bicu hien

phan dng cua h¢ trude su

thav doi cua .

Phuong  trinh  dac

Hinh P4 Sodo é dao dong gaom ket

fteone - 16 xer - eldm chan

(rung cua (P 3) ¢ dang:
My +Kp+ K =0
trong dé. s I todn v phan,

Phuong trinh dac trung ¢o 2 nghicm L

L (16

Tuy theo cde tham so M, K, K, ¢6 the <av ra 4 trang thil sau et he:
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P1.2.1. Dao déng khéng c6 cdn
Néu hé khong ¢é giam chén (hay hé¢ 6 can K, = 0) thi phuong irinh
dac trung tré thanh
Ms'+ K, =0

vir ¢6 2 nghiém ao 14

K,
S;,=1tJ Y,

Nghiém cta phuong trinh vi phan (P 5) ¢é dang ham tuan hoan khong
tat

y=C,sino,t+C,cosw,t+ X (P7)
o ~ + . Ks N -7 - .
vOi tan 6 dao dong riéng w,, = ,{—> va dugc biéu dien trong hinh P 5, a.
M

P1.2.2. Dao dong cé can voi hé s6 cdn bé hon hé so can gioi han

Khi cé phén wr giam chén, phuong rinh dac trung ¢é nghiém:

S;2=-atjo,
trong do
K, JIMK  — K
a=—=rw, =
2M 2M

Dai lugng @, 1a tdn s dao dong riéng cua hé ¢ giam chin. Phuong
trinh dao dong c6 dang:
v=e“C,sinwg+C,cosm,i}+ X (P8)
D6 13 phuong trinh dao dong 14t dan, nhr biéu dién trong hinh P 5, b.
P1.2.3. Dao déng c6 cdn véi hé sé cdn bdang hé s6 cdn gioi han
b6 1a trdng hop dac biét cua dao dong c¢é can, khi Kj - 4MK .

Phuong trinh dic trung ¢6 nghi¢m kép:

-K
5,,=—440
S 2M
va nghié¢m cua phuong trinh vi phan cé ding
v =Ce"+Cue "+ X (P9)



(d]

Hinh P 5: Cdc dang phdn tmg ciia hé dao dong a) khéng co can, b) o
cdn, ¢) cdn d trang thai t6i han, d) cdn qud gioi han.

Pé thi biéu dién phan ing ctia h¢ thong c¢é dang nhu hinh P3, c. Nhu
thay trong phwong trinh vi trén @6 thi, hé théng tién dén trang thai can
bang ma khong cé dao dong. .

P1.2.4. Dao dong c6 cdn véi hé s6 cdn lon hon hé s6 can gici han

Dang phan iing nay xay ra khi Kj > 4MK , nghia la h¢ sé can lon
hon gid tri tdi han. Phuong trinh dac trung co 2 nghiém phie:

S;,=-ath

trong do

| J— 4MK,
TR

Nghiém cua phuong trinh vi phan ¢6 dang
y = C'r,e""‘”b” + C__,er_“"b” + X (P10}

D6 thi phdn tng ¢é dang tuong tu nhu trong trudng hop can tdi han
nhung thoi gian dé hé dat dén trang thdi can bang dai hon (xem hinh PS5, d).

Hai mo hinh gidi thiéu & trén chi 1a cdc vi du don gidn vé hé théng vat
Iy. Viéc giai tryc tiép cdc phuong trinh vi phan chi ¢6 thé thue hién duge
v6i ciac mo hinh don gian nhu vay. Cic hé thong cong nghiép thudmg
dugc 16 hop tir cdc hé théng don gian hon hoac cic phdn i, khau. De
dién ta va khao sdt cdc thong s6 cua ching cin phai sit dung céc cong cu
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riéng. Phan sau day giéi thiéu cong cy truyén thang nhune van thong
dung d¢ khdo sit cic hé diéu khicn.

P2. HAM TRUYEN VA SO bO KHOT

P2.1. Ham truyén

Ham truyén (clia mot he thong hode cita mot phan 1) duge dinh nghia
[a ty sO gifra thong s6 ra fowrpiet ) va thong SO vao (faprd) .

Ham truyén cia mot phan wr duge xde dinh qua cde bude sau:

L. Thict lap phuomg trinh vi phin (luvén tinh) mo G phan dng cua he
thong:

2. Viet phuomg trinh vi phan dudi dang ham cGa todn e i phean s,
Todn tir s con duge ot 1 bien Lapluce.

3. Ham truvén [a ty s gita thong s ra vt thang sé vie viin bicn .

Chung ta s€ ap dung thu tue tren vae 2 mo hiah trong e P11

P2.1.1. Truong hop he thong thuy i

Tavict ki phuong trinh (P 23 vii chu y riing /2 1 him et thod gian ¢

cdh

AR—-+ 11 = Rx,
ot '

Chuyen phuong trinh sang dang hin Laplace:
ARSI+ st = Rodsy - (AR v Dl s) = Ry,(y)
Viay ham truvén cua hé¢ thong nhu sau
h(si = __.R P
x{s) ARs+/
P2.L.2. Triuwong hop he thong dao dang

F'u phuong trinh vi phan (P 3)

Chuyén sang hiam Laplace

Chimh xae hom, Laty s0 gilta Laplace cga thong sa ra vor Laplace coa thong
s vae wi dicu Kien tat ca ede dicu hign ban didu bany khone.
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(b} (d)

Hinh P 5: Céc dang phan img ciia hé dao dong a) khéng c6 cdn, b) co
can, ©) cdn & trang thdi 160 han, d) cdn qud gidi han.

D6 thi bicu dién phan tmg cda hé théng ¢6 dang nhu hinh PS5, ¢. Nhu
thdy trong phuong trinh va trén dé thi, he thong tién dén trang thdi can
bang ma khong ¢6 dao dong.

P1.2.4. Dao dong cé cdn véi hé 56 cdn lon hon hé s6 cdn gidi han

Dang phan tmg nay xay ra khi Kj > 4MK |, nghia 1a h¢ 56 can lén
hon gid u1 161 han. Phuong trinh dac trung ¢6 2 nghiém phuc:

S ,=-ath
trong doé
. =“2K—Aj[;b _ Kd;;[MKS |
Nghiém ctia phuong trinh vi phan cé dang
y=Ce ™ Cet M x (P 10)

D6 thi phan dng ¢6 dang twong tu nhu trong trudmg hop can t6i han
nhung thoi gian dé hé dat dén trang thai can biing dai hon (xem hinh P53, d).

Hai m6 hinh gidi thiu & trén chi la cde vi du don gian vé hée thong vat
Iy. Viee giai truc ti€p cdc phuong trinh vi phan chi ¢6 thé thuc hi¢n dugc
Vo1 cac mo hinh don gidn nhu vay. Céc hé thong cong nghtép thudng
duoc to hop tir cdc hé théng don gidn hon hoac cdc phan i, khau. Bé
dién ta va khao sit cdc thong s6 clia chiing cdn phai sit dung céc cong cu
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Ms?y(s)+ K sy(s)+ K vis)= K x(s)

> (Ms® + K5+ K )y(s)= K x(s)
Cu6i ciing, c6 ham truyén

vis) _ K, )

.x(s) Ms? + K,s+K,

(Pi2)

Viéc xdc dinh ham truyén cia hé théng phic tap hon xdc dinh him
truyén ctia cc phdn tir don €. Trude khi xdc dinh ham truvén cia hé
thong, thuong phai dua so dé khdi vé dang 6 gidn nhd cdc quy tic hién
doi niong duong so do khoi (Block Diagram Algebra), duge trinh bay
dudi day.

P2.2. So dd khoi

P2.2.1. Két cdu ciia so do khoi

So d6 khéi 1a cong cu mo 1 trye quan két cdu cta hé théng (hinh P 6).
x1(s) R his) x+ mEty =z
v-

N6 gém cde phén ta co ban sau:
b4 X
=Ry
770] I e ]

(a) (b) (c) {d)

Hinh P 6: Cdc phan nt co bdn cha so dé khot

- Khoi (block) thudng 1a hinh chir nhat. trong ¢ ghi ham truyén dé
biéu dién mot phan 11 cua hé thong.

- Céc miii 1&n chi hudng truyén cta cdc dai lugng, dong thoi cling thé
hi¢n hudng dién ti¢n clia qud trinh.

- Céc khau cong bi€u thi diém cong (irit) cde dai lwgng. N6 ciing dling
“lam khau so sanh trong 50 d6 diéu khién cé phan héi.

- Céc diém r& nhdanh biéu thi sy & nhanh tin hi¢u. Gi4 tri cha dai luong
khéng thay déi sau khi 1& nhéanh.

Tl cdc phén t trén chiing ta ¢6 thé thiét 1ap cic so dé khdi.
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Trén hinh P7 14 vi dy vé
mot so do khoi. D6 la he =z + x-Hy v

diéu khién ¢6 phin héi véi ~
cac thong s8¢ vao 1a x, ra 1a -
\ 5 . _ H

y. Ham truy2n trong nhédnh
chinh (thuan) 14 G, nghia la:
y=0x Hinh P 7:Vidy vé so do khoi

Tai dau ra ¢6 mot diém ré nhanh: mot nhanh ra, con ;m}l nhanh dua vé
mach phan héi. Nhanh phan héi 18y tin hi¢u y, qua mot khau chuyén déi
(Transducer) ¢6 ham truyén H. Khau cong, bay gidy 1a khau so sanh, tao
ra tin hiéu diéu khién x - Hy dé diéu khién qud trinh.

P2.2.2. Bién doi tuong duong so dé khoi

Phép bien doi twong duong so dé khéi cho phép xdc dinh ham truyén
cla hé théng phic tap, vi viy ¢6 thé thay the ca h¢ théng bang mot phdn

tr trong duong. N6 dua trén nguyén tie chung cia cic phép tinh dai s6
truyén théng.

V6i mot he thong don gidn, vi dy nhu trong hinh P 7, ¢6 thé xdc dinh
truc ti€p ham truyén cia né nhir sau.
Tin hiéu diéu khi€n nhan dwoc sau khau cong bang x - Hy. Déi véi
mach chinh, ta ¢6 quan hé
y=Gix-Hy)=Gx-GHy
y(i+GHj=0Gx
Tur day nhan duge ham truyén
y_ L _ _ (P 13)
x I+GH
boi v6i mot so d6 phitc tap cdn dp dung cdc phép bién ddi wong
duong. C6 5 phép bién doi co ban nhu trong bang P1.
Vigc bién doi mot so dé phite tap thanh so dé don gIan vé co ban qua 4
budc sau:
1. Gop nhém cdc khdi néi tiép.
2. Gop nhém céc khai song song.
3. Chuyén vong diéu khién cé phan héi co ban thanh mot khéi.

4. Chuyén cdc khau cong vé phia trude, cdc diém ré nhdnh vé phia sau.
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Bang P1: Cac quy tdc bién doi tuong duong so doé khoi

& nhdnh vé

, Phuong pha o , |
p FIVONEPRAP | g 45 ban ddu Két qua Gidi thich
bién doi
Ha truye
Gop  nhom -. tuol: C;Ey::n
cac khoi nai = G H p| —>{GH[ | 008 SH08
bang tich cdc
tep N 4
ham truyén
_ ' 43 truvé
Gop  nhom G | am ruyén
cac khoi son - uong duong
Song r—»G+HpP>™ | bang 16ng cdc
song X . \
LR G ham truyén
Thay thé _
twomg duong |+ G Y
O & j
vong d1§ll _— % I e =
khién c6 phén H I+GH
héi
, + +
Chuyén khau |— G »4
C(}ﬂg \"é tl‘ll’(lTC ' + B 1/(}
(_hU}!Eil"l diem :j_) I ] G -

sau

P3. BIEN DOI LAPLACE
Phép bién déi Laplace dugc ap dung dé chuyén cdc phuong trinh vi
phan véi bién ¢ thanh phuong trinh dai s6 v6i bién s. Nhes viy, thay vi phai

gidi cdc phuong trinh vi phin, ching ta chi phai giai phuong trinh dai 6.

Bién déi Laplace cua ham ff#} duge dinh nghia nhu sau:

Fis)= [f(re " di

(P 14)

trong d6 s 1a bi¢n phitc, dang : s = « + jb. F{s) cOn duge gol la fiam

danlr cua nguyén ham fit).

15-KTRB
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bPe tranh viée tinh cac tich phan dang (Pl4), ngudi ta thudng ding
hiang bién doi Laplace cha cdc ham co bin, mot s6 trong ching duge ké

trong bang P2.

Bang P2: Bién doi Laplace cia mét s6 ham thong dung

Ham fit) | Laplace F(s} ﬁ Ham {(t)
e L
{ o COsml
N
| -
L B e sinmt
: N
n!
i | o e 'cosmt
P ] .
Pe™ T dy/dt
: ; S+t
: i
| o
: ; e LY.
P le” Ps+a) doy/dt
P @
DS LT 2
; [ ST to

' Laplace F(s)

s

2 7
T4+ @

(Y

S+a

.(ﬁ,s-':ra)‘) +w’
syv(s)-y(t=0)

S2y(5)—sy(r: J

N
(s+da) +w

Vi du: Bién doi Laplace ham sau, véi diéu kién ban dau:

dyldit=0tal 1=0
dy

dt
fheo bang P2, ta co

sys) -3+ Svsi=0

{5+ 5)vis)=23

3 !

+5v=0

Viy:

vis)=

S+5_ s+ 5

Lai theo bang P2, ta ¢ 101 giai cha phuong trinh vi phiin ban dau:

=5t

y=le

2
»
o)



P4. TAC DONG DIEU KHIEN

Trén hinh P7 da dua ra so d6 khoi cia mét hé diéu khién c6 phan hai,
trong d6 ( [a ham truyén clia nhanh (huan. Trong cdc dng dung dién hinh
vé diéu khién qué trinh. thudng nhdnh thuin cé 2 khau (xem hinh P3).
Khau thit nhdt duge goi 1a khau diéu khién (Controller Unit), ¢ ham
truyén 12 C(s). Khau thd hai ¢6 ham truyén ciia ban than qud trinh. ky
hiff:li la P(s). C(s} phai cé tdc dong, sao cho tin hiéu ra cha P(s) co gié tri
mong mudn. So sdnh cdc so do trén hinh P7 va P8, ¢6 thé nhin ra quan hé

Gis) = Cis)P(s)
Téc dong coa khau diéu
khién C(s) dé dat duge tin  xfe _ O =p{s) (5)

hiéu ra mong muén duge G Fe)
goi 14 tdc dong diéu khién

(Control Action). C6 4 kiéu
tac dong diu khién co ban,
c6 thé duge dung doc lap
hoac két hop v6i nhau: Hinh P 8: So do khol diéu khién qud trini

H{s)

- Diéu khién ty 1€, ky hiéu la P (Proportional Control). |

- Biéu 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. Picu khién ty 1¢

Trong diéu khicn ty 1¢, tin hiéu ra x, ty 1€ v6i tin hiéu vio e, nghia la:

x, = Ke

trong d6 K 1a hé s6 ty lé va 1a hing s6. Khi phan tich hé thng, thudng

viét bicu thie trén dudi dang ham truyén:
x,(s)
e(s) -

Gia tri K dugc goi 12 ty s truyén cla khau diéu khién. Bién thién cia
tin hiéu diéu khién ¢ (trong mach diéu khién cé phan hdi, d6 Ia sai léch
ma khau so sdnh dua ra) va tin hieu ra x, theo thoi gian dugc biéu dién
trén doé thi, hinh P9, a.

(P15}



b P o g
E] “
ar o
[
t t
a: Piéu khién 1y lé (P) b: Diéu khién tich phan (1)
(o8 e Ch
v :‘C
as _I//‘:\— ’ iy &
I__ s ----- apr
_‘I &1} t
c: BDiéu khién vi phdn (D) d: Bidu khién dong me

Hink P 9: Cie dang tdc dong diéu khién
P4.2. Piéu Khién tich phan
Véi tac dong diéu khién nay, tin hiéu ra ty 1& vdi tich phan theo thoi
gian cua tin hiéu vao, nghia fa:
x,=K jedt (P16}
trong d6 K [ ty s& truyén cua khau diéu khién tich phan.
Ham truyén cta khau ¢6 dang:
x, (s} K .
=— (P i7)
efs) $
Bien thién theo thoi gian ciia tin hiéu vao va ra duoc biéu dién trén d6
thi hinh P9,b. Néu sai léch ¢ > ( thi tin hiéu ra x,tang. Néu ¢ = 0 thi x, a
hing s6. Mudn x, giam thi ¢ phdi 6 gid tri am. Dicu dé dan dén xu
hudng dao dong caa tin hiéu ra.
P4.3. Di¢u khién vi phan

Trong diéu khién vi phén, tin hi¢u ra ty I¢ véi téc do bicn thién cia tin
fii¢u vao, nghia la:

x, = K=— (P18
* dt

trong dé. K 1 ty s6 truyén cia khau diéu khién vi phan.
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Ham truyén cé dang:
) kg (P 19}
ef s}

Sur bién thién theo 1hdi gian cla tin hiéu vio va tin hiéu ra dugc bicu
dién trén hinh P9, ¢. Ta thay, ké ca khi ton tai sai léch e =0 thi tin hiéu ra
cling c6 thé bang 0. nghia 1a khong ¢4 phan {mg cia hé thong. D6 1a
nhuoe diém cha diéu khién vi phan. Uu diém cda n6 1a gidm sai $6 tinh
cua hé thong, nghia 1a méoil khi ¢6 sy bién thién cua tin hicu vao thi hé
théng lap tifc phan Gng dé duy tri sy 6n dinh. Thudng khau diéu khién vi
phin duoc ding két hop vat hai kiéu diéu khién wrén.

P4.4. Diéu khién déng mo

Picu khién déng md (xem hinh P9, d) 1am viéc trong 2 trang thdi phan
biét: Khi tin hiéu vao nhd hon gid tri dat thi bo diéu khién dong, tin higu
ra dat gid tri x,. Khi tin hiéu vao 16n hon gid tri dat thi bo diéu khién ngat,
tin hiéu ra biang 0. Thuc t€, hé théng chi phan ing khi sai khdc tri tin hiéu
thuc va gia tri ddt dat 161 gid tri nhat dinh, Thong s6 nay duge dung dé
danh gia do nhay ctia hé diéu khién.

P4.5. Piéu khién két hop

M&i kiéu diéu khién trinh bay & trén ¢é wu va nhuge diém rieng. Vi du,
diéu khién tich phan cé kha ning khic phuc nhanh sai léch, nhung khé
khac phuc sai s6 {inh; con diéu khién vi phan pham sai s6 tinh nhé nhung
thoi gian dat téi trang thdi on dinh thudmg dai. Dé dat duoe téc dong diéu
khién nht' v mudn, thudng ngudi ta két hop cdc ki€u diéu khién tén.
Ching ta hay gap cdc phuong an phdi hop saw;

- Diéu khién ty 1¢ - tich phéan (P1) gom nhdnh ty 1& vi nhdnh tich phan
song song vdi nhau. Ham truyén cua né 6 dang:

x,(5) K,

=K, +- (P 20)
e(s) N

- Piéu khién ty 1& - vi phan (PD) ¢6 ham truyén dang:
X, (s}

e(s)

=K, +K,s (P21)
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- Diéu khi€n ty I¢ - vi phan - tich phan (PID) c6 ham truyén dang:
LK+ LK (P22

P4.6. Vi du v¢ tac dong diéu khién
Dé thdy 16 vai trd ctia tic dong diéu khién, ching ta xét vi du diéu
khién qua trinh sau:

Qua trinh duge dac trung
yis)

: al3) i e
5(5) .3 ZPLE;

e v -]
hot ham truyén -——-; khau C(s) 5iis+2)
s+2 :
phan héi ¢é ham truyén 0,/; _ 01

khau diéu khién ¢6 ham
truyén C(s). Ham truyén

h ia hé théng duo } . )
cng cta e QMONg QUOC i P10 S dd khdi b dicu kiién
tinh nhd phép bién dai : '
tong duong so d6 khéi:

)isz 3 3C(s)

x(s) B s+2+05C(s)

. e e 4
Tin hiéu vao la hang s6: x = 4,0 bién déi Laplace x(s) = —. Xét C(s)
s

v6i cdc kiéu diéu khién khac nhau.
I- Truong hop diéu khién ty 1é voi C(s) = 2,0:
Ham truyén cia hé théng:
vis) 5.2 _ 10
x(s) s+2+052 s+3
4 10 40 1333 1333

yis)= x(-q,}—IO— =—. = = i
s+3 s s+3 s(s+3) s s+3

y=13331~-e")

Phan tng cta hé théng ¢6 dang nhur hinh P11, a.
2- Truong hop diéu khién tich phdn véi C(s) = 2/s

Ham truyén cha hé thong ¢6 dang:



2 5

W) slsw2 O d0 G
x(s) [+ 0. 10 sts =20+ s al2s+ ! s li
s{y+ 2]

4 10 40 40} 40

'],«‘(.S')"'-—.'———'"'; I -
s (s+1)° s (s+1) s+

v=40(l—te —e")

Phan ing cua hé thong ¢d dang nhu hinh PLL, b.

(a) (b) (c)

Hinh P 11: Phdn tmg ciia hé thing véi tde dong diéu khién khdce nhau

3- Truong hop diéu khién vi phdn v6i C(s) = 2s:

Ham truyen cua hé thong:

vis)  10s  Ss
x(s) s+2+s5 s+
4 35 20
V(§)=—. —— =
s s+ s+1
y=20e’

Phéan tng clia hé thong ¢ dang nhu hinh P11, c.

Ta thiy phan (ng ca h¢ théng trong cdc trudng hop 1a rat khac nhau.
Khi diéu khién ty 1, hé théng nhanh chéng dat trang thai xdc lap, bang
13.33. Khi diéu khién tich phan, gid tri xac lap bang 40, dat dugc cham
hon. Trong ¢a 2 trudmg hop, gid tri xac 1ap phu thudc ty s6 truyén K cua
khau did¢u khién. Khi diéu khién vi phan, gid trj xac 1ap bang 0 va khong
phu thudc vao K.
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PS. PHAN TICH HE THONG

Mot h¢ thong diéu khien muon duogce ap dung trong thuc & phai dat
nhiing chi tiéu k¥ thuat nhat dinh. Phan tich hé¢ théng ¢6 nhiém vu dinh
gia cdc chi tieu k§ thut cla he thong dé xdc dinh xem né ¢é dat yéu ciu
st dung hay khong.

Dé dinh gid mot he thong diéu khién, ngudi ta dua vio 3 yéu (3 co
ban, 1a tinh 6n dinh (stability), trang thii xdc lap (steady-state
performance) va trang thdi qua do (rransient performance ). N6i chung,
tinh 6n dinh ddnh gid h¢ thong ¢6 lam viée duge hay khong con hai véu
t6 sau ndi lén phdm chat cia h¢ theng.

P5.1. Tinh on dinh cita hé thong

Ve Iy thuyét. mot he thong duge goi 1a dn dink néu phan tng dau ra
khong tién 16i vo han khi gid tri tin hiéu vao dugc gidi han. Trén thuc t&
phan dng diu ra khong duge vuot qud mot gid tri cho phép. Ching ta
nhan biet mot hé thong én dinh néu sur bign dong cua tin hiéu ra gidm dén
theo thoi gian khi tin hi¢u vio 12 hing 6.

Vidu, h¢ thong duoc bi¢u dién bdi phuong trinh

v=C-C.e” (P23)
khoéng 6n dinh do thinh phan thit hai (ham mi) t€n 141 am vo tan.

He thong v6i phuong trinh:
y=C—e(C,sinet + C, cos o) (P24)

ciing khong n dinh, vi tin hi¢u ra dao dong dudi tdc dong clia ham sin
va ham cosin, nhimg bién do dao déng tién 16i vo tan do tic dong cia
ham mii ¢6 hé s6 duong.

D¢ du bio vé tinh dn dinh, ta khéo st k§ hon cdc trudng hop trén.

Phuong trinh (P 23) dugc suy tir nghiém s = +a cia phuong trinh dac
trumg: ‘

s-a=10
Phuong trinh (P 24) dugc suy tir 2 nghiem phitc:

S=a-jw vas=a+ jo



cua phuong trinh dac trung:

s? —2as+(a)‘2 +a’j=0
hay: (s—a+ jojs—a—jw)=10

R& rang, nguyén nhan gay nén su mat on dinh clia h¢ thong thi nhat 1a
nghiém thire, diwong ctia phuong trinh dac trung. con cia hé thong tha hai
14 phén thire dwong ciia cdc nghiém phitc. Tir d6 ¢6 thé radt ra két luan sau;

Piéu kién cdn va di d€ mot hé tuyén tinh 6n dinh 1a tat ca cdc nghiém
ctia phuong trinh dac trung phai ¢é phan thuc am.

Diéu dé cé nghia 13, db chi moét trong s& cdc nghiém ¢é phan thuc
duong (ké ca nghiém thuc duong) thi h¢ thong s& khong 6n dinh.

Tir day ciing ¢6 the gia dinh vé hé ¢ phuong trinh dac trung

P+’ =0

N6 sé ¢6 2 nghiém do la s = Fjw. Vi tin hiéu vao hang s8, né dan t6i

lovi giais
y=C+C,sinct +C, cosot

Phuong trinh trén mé ta dao dong vinh ciru xung quanh gid tri y = C.
Chiing ta goi d6 1a trudng hop gidi han cla sy 6n dinh. Néu biéu dién cdc
nghiém lén mat phing phitc thi chiing ta cé nhéan xét, ring diéu kién dé hé
on dinh la tdt cd cdc diém biéu dién nghiém phuong trinh ddc trung ctia
né déiw phdi ndn bén trdi truc do. Truc do bay gidy d bién gici On dinh.
Néu i bién gidi 6n dinh vé phia trdi truc a0 mot khoang  nao do thi ta
¢6 mot khodng dir 111t on dinh.

Khao sit tinh n dinh can c vao nghiém cua phuong trinh dac trung fa
phueng phép co sd nhung khong phai 1a duy nhat. Cé nhiing phuong phdp
khdc, mo ta gidn tiép diéu kien n dinh dudi dang cdc tiéu chudn on dinh.
C6 thé 1im hiéu vé chiing trong cdc ti liéu 1y thuyét diéu khién ty dong.

P5.2. Trang thai xéc lap

Trang thai xdc lap chinh [a trang thdi can bang tinh hoac can bang
dong ctia hé théng. VE 1y thuyét, hé théng duge coi 1a & trang thai xdc lap
khi tin hiéu ra y(7) cha né dat duge mot cich 6n dinh gid tri cdn y, (hinh
P12), nghia la:

Yy = lim y(1)

==
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Pé xdc dinh gid iy,

ngudi ta dung dinh ly, goi la
dinh ly gia tri cudi cung:

Néu tén tai lim y{t} thi vo.

[ gl

- %\%‘%\%\&%%%%& S

Yo = lim y(t)=lims¥(s) o ® ‘

L s—=M)
trong d6, Y(s) 1a bi€n ddi [finh P 12: So dé xdc dinh cdc thong
Laplace ctia y(1). 56 phdm chdt ciia h¢é thong

Trén thyc 1€, co ton tal mot sai 6

£ = >0

lim y(1) =y,

Sai s& d6 dugc goi 12 sai s¢ fink vh 12 mot thong s6 danh gid phdm chat
cha hé théng & trang théi finh. |

P3.3. Trang thai qua dé

VE 1y thuyél, trang thdi tinh ciia h¢ théng chi dat duoc khi 7 -> 2. Trén
thuc té, trang thdi xdc l1ap dugc chdp nhan khi y(?) tién 16i y, véi sai s0
khong vugt qua mot tri s6 & cho trude, thudng bang 2-+5% gid tri y,. Thoi
gian dé hé dat trang thai d6 dugce goi /d thot gian qud do 1, D6 1a mot
théng s6 chat lugng ciia hé thong, cang nho cang tot. -

Mot théng s6 nita duge ding dé ddnh gid chat luong cua he thong la
gid tri vieet o (hinh P12). Thuomg phai han ch€ tri $6 nay trong khoang
30 + 50% gid tri caa y,,
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