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c:-[) ol not ci’iu

¥ thudt tu dong hoa la mot trong nhing nganh ki thudt

cao dang phdt trién manh meé. Robotics, la mot trong cdc

chuyén nganh ky thudt diéu khién tu déng, dang duoc
ung dung réng rai trén thé gioi, bat dau duge chi ¥ nhidu ¢ nuse
ta. Pé xay dung nén sdn xudt hién dai, ching ta cdn nhanh chong
ing dung va phdt trién nganh tu dong héa va robotics. Nhiéu
truing dai hoc, vién nghién citu, ... dang c¢é cac cdéng trinh vé tu
dong hoa va robotics. Chuyén nganh nay ciing rdt hép dan cde
ban iré, nhat la cac sinh vién ky thudt.

Trong cdc khu cong nghiép dang xudt hién cdc hé théng va
quy trinh san xudi ty dong hodc ban tu dong, trong do cdce tay
may, ngudt may duve su dung réng rdi.

Cuén sach nay cung cdp kién thitc co bdn dé tim hidu, nghién
cuu, va sang tao robot, ddc bidt tap trung vao cde vdan dé co hoe,
ddéng hoc, va dong luc hoc clia cde co cdu chép hanh.

T cudn sdch nay, ban doc ¢6 kién thue co bdn vé toan cao
cap, co ly thuyéi, co hoc may, ... c6 thé tim duge nhidu kién thuc
bé ich va ly thu. Sach phue vu ring rat cho déng dao ban doc la
sinth vién, cdan bo ky thudl, ky su, cac nha quan [y, ca mot ngudi
quan tam dén linh vue tay may, nguoi may.

'



MUC LUC

Chuong 1. GiGi thi€u ... anaeen §
Lich ST PRt Er&N ettt 8
CAC CO CAU wvvieerie e ettt eeeere ettt e ee e et he e s tes e oatte e smtasseme e enes 10

Khau VA KBOP oot e 10
Chudi dong hoc, €0 CAu, MAY MOC ceveivviecriiierei e v e 12
BAC tU d0 €U CO CAU....oiviiieieic st e esiae e re e meseaeeeeesaen 13
Tiéu chudn chuyén déng theo VODZ .....ccoovvvveevie e 18

HE& thONG TODOL wueeeiiiiiee et s ee e v e e rmvae s e 20
Phan 1oat ToDOt ...ttt e aae e 22
Phan loal theo 86 bAC tU Ao ......ococvovreii i, 22
Phan loai theo cau tric dong hoc ....cooovvieice e, 22
Phén loai theo hé thong truyén dong ......o.oooeveiiveeiiieeeereene 22
Phéan loai theo dang hinh hoc khong gian lam viéc ................ 24
Phan loai theo dac tinh chuy@n doNg ...ooccvveveecveeeeire e 25
Binh vi, dinh huéng, va vitri eda VAL TAN ... 27
Xde Ainh vitrio e 28
XAc AInh hUGNZ covvieeeeee e s 29

o Xacdinh Vil 39
Cac bien doi ddng Nhat......covceciiee it 40
Toa A6 AN NhAT ...t 40
Ma tran bién dgi dong nhat ................. et et 41
Bién déi dong nhat phol hop ccooveecerei e, 42

Co hoc ca cau chAp hanh robot .........occveiiiicii e, 43
BoOng hoC o et e 43
TINh ROC ..o e 44
POng e hoe oo e 44
TOIN BAL .ot e e v s e tee e s emaa et ev e e e e rmteeeenaen. 45



Chudng 2. Phan tich vi tri cda co cau

chap hanh néi UEP .....ccovivcecciimree e cecrveneee e 46
(Gi61 thiéu ., e TP |
Cac thong SO khau va hé thong toa do khau cmrenneeeneneennn. 47
Céc ma tran bién d6i dong nhat Denav1t-Hartenberg................... 50
Phuong trinh vong RIN ... et et a5
(Cac hé toa 4o .. e ——— PR PUURPRUURPUURRPRY . |
Phuong phap Dena\rlt Hartenberg cereeerr i eaenien. DO
Phan tich v1 trl cd cau chap hanh 3 dofphang ceevremerrremninrann B0
Phan tich vi Bri ctia robot SCOTDO cvvomoeeooeoeooeoeose o4
Phan tich vi tri cta robot Fanue S-900W ..., 66
G121 phdp Tsal vA Morgan ..o 75
Phuong phap chuyén vi xofn Hén tEP.......o.ooovivee e, 81
Phép bién ddi dura trén chuyén vi X0An .......ocoeveiiiiviiirceeinee. 81
Su chuyén vi X040 lHén 18D ....coveeiveiii e e, 85
Phan tich vi tri cia co cdu chap hanh khuyu ..ol 88
Phan tich vi trf tay mdy Stanford .............oocociiiimnricies 93
g X0) € 7 } AU P RSSO SUPORURTOURUUT 99
Chudng 3. Phan tich vi tri cd cau

chap hanh soNg SONG ....cocciievieceecmmiee o 100
GIGT LI e e e et et e e van e aans 100
Phén loai cdu tric co cdu chap hanh song song........cocceovueeeeueeen, 101
Co cau chdp hanh song song phang .......cccovveeevieccinrceesveeeenen 102
Cdc cd cau chap hanh song S0Ng CAU.....coovvvicivieeiiieee s 103
Co cau chap hanh song song khéng gian ..........coceeeeveeee e, 104

So sanh phuong phap DENAVIT-HARTENBERG
vl phuong phap hinh hoc ..o, 105
Phan tich vi tri cg cAu chap hanh song song 3RRR phéng .......... 107
Hinh hoc ctia co cAuchap hanh oo 107
Pong hoc Qa0 ..o 109
DPong hoc thUdn ... v b v 109
Phan tich vi tri ¢o cau dinh hudgng khong gian ..............ccoannee, 111

416



HINh Dot €A CO CAU vvveiteeieeeeeeeceeeeecreeeees e e e eeeerenveneneersnaas 112

£ D75) o 7= ¢ 12 Tc3Ke £ Vo R TSRO 114
DPong hoe thuln ..., 115
Phan tich vi tri co cdu ch4dp hAnh MARYLAND ............c.ceccoee. 116
HinD hoe CO CAU oottt ettt s e evvssneveesaanian 116
DPONE hoc dAo ....couioviiii vt e 118
Pong hoc thUlin ... e r e 120
Phan tich wi tri co efu chdp hanh song song khéng gian 3 RPS . 123
Hinh hoc co cau vAn hanh ............ccocoovvvvveicicieieceeeee 123
Céc rang budc cia kKhép quay ... 126
Chiéu dai DhANR I .o renss b avainaas 127
BPOng hoeo A0 ... e 127
Pong hoc thuin ... 128
Phan tich vi tri b8 STEWART- GOUGH tﬁng quzit ..................... 132
Hinh hoc co céu . e raeetitmvemreesseesreanesaeeantasnnnnnvrivvessesrrriarss L3O
BPOng hoe QA0 .....cooiieiiic e 134
POng hoe thUuAn ..o 134
Phan tich vi tri bé¢ STEWART- GOUGH ¢4n téng quét............... 136
Phan tich vi tri b¢ STEWART- GOUGH 3-3................. . 138
TOM LAL v rir e s e b e s st s res e eeneseenernea s bees 140

Chuong 4. Phén tich JACOBI trong ¢o céu

chap hanh Ndi tEP ..cceeeieeeeecve v 141

GAGE ERIBU v e reee oo e ee s s e s eseeeeeeee s es e resesereeneeas 141
Pdng hoc vi phan efla VAL TAN ..o 142
VAN t8¢ g6¢ cla VAL TAN .....ooociiiiiiiiieece et e 143
Van tdc tuyén tinh cda mot diém.................. . 145
Truc quay tite thai .. e et mnnteeaeese e tnaearannn . 146
béng hoc vi phén cia ca cé’u chap hanh noi tidp......cccceevvicneanne 148
Ma tréin bién ddi vi phadn kh&u ............ccoiiviiieiieccieeeiee, 148
Ma tran bién @81 vi phén toan bé cc cau...... . 150
Toa dd quay va hé thang quay .....c.ceceeiiiiiiiieeeeeve e 152
Ma tran Jacobi cia co cdu chdp hanh ... creenee 155

417



Ma tran JACODI QUY UGEC ..uvvnrieiaiiieeiirieeeeeeetee e ee e v ve v v nna s e 156
Ma tran Jacobi cla co cdu chdp hanh phing 2 bac tudo ...... 158

Ma tran Jacobi cla co cdu chdp hanh phdng 3 béc tu do ...... 159
Ma tran Jacobi cla co cdu chdp hanh Stanford ..................... 160
Ma tran Jacobl quay Vit ......coooviiiiiieiiiiie i e 163
Ma tran Jacobi quay vit elia co cdu chap hanh Stanford ...... 166
Ma tran Jacobi quay vit cia co cdu chdp hanh khuyu............ 169
Ma tran Jacobi quay vit cua
cd cdu chap hanh 6R cAn t6ng quaL ..ocoooovveceeiin i 174
Bién ddi toa dd qUAY VL ..occoeevieeeeeee e cnresssaneeaneen. LT
Quan hé gitra hai phuong phdp ... 183
SO AIEU KABN e ceeecv e eesiiarres e cvssevsreesseesbeessees s bannnrtaaseesia 184
Phan tich cAu hinh @8e bidt........ccoooeeie e 187
Cau hinh dac biét ciia co cdu chdp hanh phéng 3 bac tu do .. 189
C4u hinh di¢ biét co cdu chap hanh Stanford ...................... 189
Céu hinh déc biét cha cacAu khuyu ..o, 191
TOML EAL oveiee ittt ee e s e e e e e s esmnaeesnneeranrsasabares 192
Chuong 5. Phan tich JACOB! co céu
chap hanh SONG SONQ ....c.ccivvevrenereerreriesssesnsns 193
GHGT thIBU .eioiireiiiee ittt re et st e e eeece e eeees e see v eeeves e ser e 193
Ma traAN JACODI ...t et a e aan 193
Cac diéu Kkidn AHC BIBL cvvveeeeeeece i e s earbee et e e e e e emnneean 194
Trang thdi dic biat ddng hoc dAo ....ccovvivvimvivvriiiiieecineeec, 194
Trang thai dic biét dong hoc thudn ..., 195
Trang théi dac biet hon hop ...oovveevi e, 195
JACODY QUY UOT ..eect et it er s ee e e e e mm e mn e 195
Jacobi cda co cdu song song phing 3 RRR .. creeriisanennnani. 196
Ma tran Jacobi cia co cdu dinh huéng khong gian ................ 200
Ma tran Jacobi co cau chap hanh cia Pai hoc Maryland ...... 203
Ma tran Jacobi cua tay mdy Stewart-Gough ...................c.oeee 207
Quay vit thudn nghich ..., 208
Cdc quay vit thuan nghich cua vai cip déng hoc .........ce...... 211
Céc quay vit clia chudi dOng hoc.........ooovioiiiiiicreiiieeeci e, 212

418



Ma tran Jacobi quay vit .. vrenmnnereaness 214

Ma tran Jacobi quay v1t caa bé St.ewart‘Gough ..................... 217

Ma tran Jacobi quay vit cla co cdu ch&p hanh c6
ba AONE COPRANG ..c.oviveeiieei vt ee e et eeesvae e e, 220
TOML AL oottt erre s s e e e bt tsser e e e e btas s e emnae s rann s 224
Chuong 6. Tinh hoc va phén tich d§ cung ving ............ 225
GHGT LRIBU .oece et et ceacmaes ket ae s aba e e es e 225
Tinh hoc co c4u chdp hanh néi ti&P ..o cecvviiiciiccer e, 225
Suf can bing lue va moment kKhau ..o, 226
Phuong phap dé@ qUi......ccoiiiiiiie it srnnen s 227
Moment ngau luc khdp tuong duong.......ccoccoviveviiciccennneane.. 229
Ung dung nguy@n 19 ¢ 80 ....ccccevvvreerieieeiririirceeeeerivase e 236
EIHPSOoid JUC .ocoret e ervr e e 237
Phép bién dai luc va Mmoment .......oc..oveeicicvveieeicee e snrencecanennan, 239

Phén tich d3 ciing vimg ¢d cdu chap hanh néi tiép
Ma tran phoi hop ... e 2483

Ma trAN CUNE VOTIZ o cocoviivramieeeiere s eaeeeceamstasteemeeraeeses snnnnnnsrenens 244
Tinh hoc ¢cd cdu chdp hiinh song 80Ng ..o, 246
Phuong phdp gian d8 vat thé tudo.....cccoececnieervccieervieie, 246
Ap dung nguyén ly cong do . cessemmnsnnranrasstennsnnrivresmicnreene 249
Phiin tich d9 viing ciing co cdu chap hanh song song .................. 252

Phan tich d¢ edng viing bé Stewart-Gough 3-3 ...................... 252

B C) 0 7- 1 AU UV TUURITI 256
Chuong 7 CO CAU €O AV .iveccrviireicccmrnencareran s resraranenrenerans 257
GHEL LREBU vve oo oeoeeeeoeeesoeeee oo oee oo es e s et eeeee e 957

Co cAu c6 tay bANh TANE NON ...t 259
CAU ETUC CO CAL ..oveiveeeeie it s ioeeneiset e eeee ot e e eb e e ensroasaaseamesesesetssenes 261

S0 A0 ChiBC NANG ....oee ittt vvae s see s s emr e 261

Bi&U QB0 A5 LN oo eeeeeseseseereeeees s eesene 261

Biéu dién theo do thi chufn tAC ..ooooveeieeeeiveieeeeer e 262

DPac tinh ciu tric bo truyén dong banh rang epicyclic ................ 264
Phan loai ¢o cAU O taY .oooeeeiieeieeeeecieeeeen et 266



Pong hoc truyén dong banh rang eplcychc .................................. 268

Phuong trinh mach e0 8., 268
Didu Kidn dONg t1UC ...ocvvvvereeeee et 269
Déng hoc 0 Al €6 tay TObOt ..oov oo e e 273
Chudi vong hé tuong AUONE ......cccoceeeieeceeereer s ieecrrreaainsee e 274
Phép bién dai giita khong gian khép va
khong gian bo tAc dQng ..oooeeeriiee e 275
Quan hé VAN £0C ZOC .......ooveimirriieiiirieesceceeeeeteees et e e s e e e s nrea s 277
Phan tich Iuc tinh hoe ..o 277
Nguyén 1y cONZ 80 (.oooeei e v e e 277
Pudng truyen AONE ......occoiriieirniirrie v eeeieeercaeer e rsssseseases 279
Dong hoc clia 8 tay BendixX ........ccoovveiviiveiinrcenieeev s eneen 280
TOIM LAL cvveeeaeieeeee et rt e en e e s et e ansteneeerre e 282
Chuong 8. Cd cdu chap hanh truyén déng béng dai .....283
L 05 1 o VL= U SRS UUUON 283
Phan loai cd cau truyén ddng dai ...........c..occmeeereviivrieeennicrenrnneene 283

Truyén dong dai vOng Kinl ....covevvveeecccee e cccirecsee e ceennns. 283
Truyén déng dai dAu hd ..o caeeinnn,. 284

Bidu difn 50 A0 PhANE ....c.oovvviirieiiiecce e ee et aab e 286

DPong hoc co cu chdp hanh truyén dong dai .......ocoveveeveciceeannnnn... 288
Phuong trinh mach ¢g 86 ..c...ocvvvvvrciecriiiiiinnccineeene.. 289

Pidu Kin dONE TUC ..oveveeeecceveee e v e ianesssrenaaes. 290

PUdng truyEn AONE ..oeoveeeeee st san e vnes 280
Phén tich luc tinh hoe .....oooovviiirveviir e eene. 290
Ma tran cAu trie Kha thi ..o 208

DZc tinh AU LIUC ..cviiiiieeiie et e aeae e 298

Ma tran cAu trie dANE CAU ..ocooeeeeccceeeiee e 209

Ma trin cau triic gia tam gléc kha th1 .................................... 300
Phan gidi lue dur thifa .. .coooo e 302

Nguy@n 1y CODAN ..ot rre e e eree e eeieaeseeaecarraea 304

Ung dung vac hé théng dabac tudo .occcoveevvverviveeeeeeeeen. 306
TOIM LAL ..ovveeeiiieeee e veeeee s e e et et e bt casaaansresastvseessnnmnrnsnnmmnseemsanns 314

420



Chudng 9. Bong lyc hoc co cau chap hanh néi tiép ...... 315

L5 T3 T 1 s U =1 TS 315
Céc tinh chat Khol IUONE ..ot 317
TAM KhOL TUGNE ..ooceeeiee et eere st 317
Ma tradn quan tinh ... 318
Pinh 1y true Song song ... 319
Moment quan tinh chinh ... 320
Moment Khél IUOME .......ovvvviivireiei it v s e s 321
Moment khéi lwong tuyén tinh .....ocoooceiiiiieiii e, 321
Moment khoi 1Ugng Z6C ....cooccciiiiiivereiiie e rieearien e 322
Bién d8i ma tran quAn tinh ..o 323
PN NANEZ ..ot ea s eee 324
Binh ludt NEWTON - EULER ..o 325
Piém quy chidu ChUNE .....covocci et 325
Tam khéi lugng 1a diédm quy chi€u ..o 326
Cong thitc NEWTON - EULER d@ quy.......coriieciiiniieinniccicieee. 328
Tinh todn thuAn ... v 330
Tinh toAN EUGC ... e e 332
Phuong trinh moment ngdu lue¢ Khép .....ooooiivviiiieiieciinenens 333
Coang thic LAGRANGE ........ccooiiiiimiiiiiri et eitca i 337
Toa dd tong quUAt h6a ....cceiiiii e s 339
PONG DANE ..o e 340
T NATIE .o eee vt b s e n e b e aasbe e e em e e e aensreassannans 342
Luc t0Dg qQUAL MOA .ovievveiieeieie e e s arraaae 343
Dang tong quat céc phutong trinh dénglue .......ooveevveeennnene. 344
TAc dung quan tinh cUa rotor ... 354
Phan tich d0ng hoc............oooviiiiiiieeeeee e, 355
Pong ning cla rotor QUAY .....cooooeiiciiimrieee et 356
Phan tich dong e hoc ......oooveeeviiviiiveieeeeeeen . 358
Phuong trinh déng luc khéng gian bd tdc dong cudl ..ovveeeeeenenn. 361
TOM EAL - oceiovetiie st e e e e e v v e s s e ab b e sans s snse e tearnneean 363

421]



Chuong 10. Béng lyc hgc co cau

chdp hanh sSong SONQ .......ccccccemvveaceeecnsssnnnnes 364
GIOT thIBU ..ot r vt ee e et v e s e smrme e emnam e 364
Cong thite NEWTON - EULER ......ccocooiiiiiece e, 364
Pong luc hoc bé Stewart - Gough ......coveiiicicciiiiiciivere v 365
Bong lu. toc cha cacnhanh ... 371
Pong luc hocbé di @Ong ......oevviviveiee e 373
Bo tde déng va phan lWe nén .........cooveivvvieeeceveeccees 374
Quy trinh Newton-Euler............c.ooviirivmiiceiicreeieeciinmn e 375
NEUYEN 1Y COMEF A0 ..evvvviriiiiiiiiiicrei i rm b ee e 376
Ma tran Jacobi KNAu .....cccoooomin v e 378
Su quay x0dn quédn tinh va tdc dung ...........occiviieeeerre i, 381
Phuong trinh chuy8n dong .....ccccvveeeivie e e 381
Qui trinh d’Alembert ........cooviivieiieeieee e 383
Vidu BANE 58 ..ovviiiiieeciieeee i cieecirerscvreee e e et e e ssaa v s vaneeens 384
Cong thie LAGRANGE ............ooooiiiiiveicveeemiires st camvnavs e 387
Dong luc hoe Lagrange co cdu chdp hanh caa
daihoe Maryland ... 388
TOM AL .. .oeiiiiee e eree e nideee s se e ae e e s aeere s te e rnan e e snrnaans 393
Phuy luc A. Phudng phap lién tyc ......ccccvvmmemiivcicmncnanens 394
S0 BOZOUL oottt eeetaee st e e s e mnee e easia st aarrrtaae e e srnans 394
Cong thilc ddng nhat cODAN .....ooooiiiiiirreeeeeeecees e 395
SUdong NhAt h6a - T oo e 396
NERIEIN G VO CUC ..vvveiivveeeccee et eevteata s v enes n it cesssanmsbensaseenes 398
Phuong phap li&n tue .......ccooviiiiiiiereore e cirreneeevirr e s ene s 399
Ham AOng nhAL ......ooviriei e vree e 400
HEDAN QAU .o oveee st e teeeae e anrrneeeneeeaeees 400
PUINEZ AAN oot s 402
Nghigm Tsai va Morgan ... recciiiccs e 402
Tinh d8ng nhat Cheater...........ocoiiiviieeei e aenas 405

422



Phuy lyc B. Phuong phap loai trid thdm tach Sylvester....407

CACDUGC 1021 tYL ...ooririiiiiiivrie et ceseeemeeeraa e e eeeenee s vraninermne 407
A4 s (1 ST OO PO REERTOTUUREPUROS 408
Phuy Lyc C. Gidi phap Raghavan va Roth ...........cccccnaneeee 409
Phuong trinh vOng Kin ..o i ernaa s 409

Loai tru B, va 8, ... . .. e 412
Loai trif O, va 6_ ... ... .o e i < 412

423



CcO SO NGHIEN cUU & SANG TAO

ROBOT

Trén Thé San

Ak

Chiu trach nhiém xudt ban :
Giam D¢ CAT VAN THANH
Bién tap : NGUYEN HANH
Bia . DUY TRAN
Sirabanin : TAC GIA

in 1.000 cudn khd (14,5x20,5)cm tai Xudng In Trung Tam Hoi Cho
Trién Lam Viét Nam. GPXB s6 23-1232/XB-QLXB do Cuc Xuat
Ban cdp ngay 23/10/2002. In xong va ndp luu chidu quy 1/ 2003.



