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LO1 NOt DAU

Cung ban doc

cubn giao trinh "May moc va thigt bi cong nghé cao trong san xust co khi’
dugc bién soan theo dé cuong trong chuong trinh khung cla bac dao tao ¢ao
hoc Khoa Ca khi Truong Pai hoc Bach khoa Ha NoOL.

sach nham phuc vi cho Hoc vién hoc tap, tham khao trong gua trinh nghe
thuy8t trinh cac chuyén dé hodc chuan bi dé cuong lam luan van 6t nghiép
thac sh. B&i vay nhimg kién thic trong cudn sach nay khéng con mang tinh giado
khoa kinh dién ma thién vé ndi dung cap nhat d winh d6 ky thuét va coéng nghé

duong thai. Ban doc can cht dong tham khao nhiéu tai liéu chuyén mon trén
cling finh vuc dé i chiéu so canh va rat ra nhimg vAn @é chinh minh quan tam.

Bo sach nay gom hai tap:

Tap 1 chi yéu ndi v& mdt phuong tién Ky thuat va cong nghé tuy da kha
phd bign nhung chua dudc giang day hé thdng trong nha trugng, do 1a robot
cong nghiép va hé thong may tf gang linh hoat robot hoa. Nhung van dé nén
mong s& dudc dé cap dé ban doc c6 thé tiép can W Kién thic co ban nhat dén
kha nang W nghién ciu them vé robot cac thé hé mai.

Tap 2 sé dé cap dén nhung {hidt bi, may mac thong minh va cac hé théng
o dign tf ting dung trong k¥ thuat. Cach tiép can mdi véi cac van dé truyén
théng, mot tam nhin bao quat han 461 vai cac thé hée thiét bi céng nghé cd dién
1t sé dugc phan tich. Chang t6i dang n® e chudn bi cho ndi dung cla tap 2 dé
<am ra Tt ban doc.

Tac gid xin chan thanh cam dn cac déng nghiép da giup do tan tinh trong
qué trinh bign soan va mong nhan Gudc nhiéu nhan xét phé binh clia ban do¢

aé 1an sau tai ban giao trinh duge hoan hién hon.

Tac gid
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CHUONG I

NHONG QUAN NIEM VA PHUONG THUC
T6 CHUC SAN XUAT TU DONG HOA HIEN DAI

Ban doc di biét, trong mot thoi gian dai nganh ché tao mdy da tap trung
giai quyét viec ty dong hod toan bo cdc nha mdy san xudt loat l6n va hang khoi.
Ngudi 1a di timg nghi ring khé c6 thé dp dung phuong thifc san xudt tr dong
vao cac nha mdy san xudt loai vira vd nho. vi rang nhiing chuong trinh cing,
nhimg ddu gia cong nhiéu truc véi cdc dao cu chuyeén dung, ciing nhu cdc may
mée va dé gd chuyén ding... khong thé thich hop duge vdi nhigm vu gia cong
thudng xuyén thay doi. Trong khi dé loai hinh san xuat loat vira va nhé ciing
nhu san xudt don chiéc chi®m tdi 75 - 80% khoi lugng céng viéc. Néu bo qua
vin dé trién khai k¥ thuat tu dong & khu vyc sén xuét nay thi ¥ nghia coa
dong hod s& bi thu hep. cong nghiép khong thé phét trién manh mé nhu théi dai
doi hot .

Dic trung quan rong hang dau clia san xudt loat vita va nho thé hién & tinh
linh hoat (flexibility). Nhin vao mot qué trinh san xuat duge ty dong hod theo
quan diém hién dai. ta thay néi bat 1én cdc d6i tugng cia ba dong van dong:

1. Dong van dong vat chat M (Materiai);

2. Dong van dong thong tin 1 (Information);

3. Dong diéu phdi nang luong E (Energy).

Trong gia cong cat got kim loal, ta ¢6 thé chia dong van dong vat chat
thanh cdc dong lvu thong saw:

- Liru thong chi tiét gia cong:

- Luru thong dao cu cit got:

- Luru thong cic phdn 1 gé lap:

- Luru thong vat liéu phu va vat iiéu phé thai...

Thir phan tich luu théng cua déng chi ti€t, ban doc c¢6 thé thay: thuc chat
ciia dong chi ti€t bao gdm cdc dia chi (address) ma ching phai dugc van chuyén
161, chiing phai duge hru lai mot thdt gian dé thue hién cdc qud trinh k¥ thuat va
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cong nghe, ciing nhu dé thoa man cdc diéu kién 16 chic san xudt, ching phai
duoc 1iép tuc chuyén di cho dén khi toan bd qud trinh ché tao ket thiic.

N6i cach khédc, dong luu théng chi tiét bao gébm nhiéu doan van dong, trén
dé cdc ti€n trinh cong tac mang nhitng nét dic trung riéng biét.

Trong mét hé théng ty dong hod tong hop, viee diéu khién toan bo qud
trinh san xudt ¢6 mot chirc nang trong yéu. Dac tinh linh hoat cha qué trinh
duge thé hién & tinh lién tuc, tinh nhip diéu, tinh ty 1€, tinh song song cia céc
dong van dong. Dugi con mét kinh t¢. mite do ty dong hod cla mot co sO san
xudt khong phai luén luon 12 t6i da, ma tuy thuoc nhimg diéu kién cy thé phai
xdc dinh duge mife do tu dong hoa t6i wu, thich hop v6i s6 lugng san pham. dam
bao chat lugng gia cong cao nhét ciing nhu gid thanh ré nhat cho phép. Trong
thap ky 70 - 80 thé ky trugc, phuong huéng chi dao 1a gidm bot t61 da thai gian
chudn két va thoi gian phu Xuat hién trong qud trinh gia cong loat vira va nho.
Su phat trién cta k¥ thuat diéu Khién theo chuong trinh s6 véi uu diém can ban
13 ¢é tinh linh hoat cao da la budc quyét dinh cla qué trinh tién t6i tu dong hod
san xudt loat vira va nho. Ngay nay muc téu rdng ndng sudt lao déng thong qua
tie dong hod toan bg qud trink sdn xudt tr& thanh chi€n luoe quan trong nhit cia
moi nganh kinh t&, trudc hét 1a cua nganh céng nghiep ché tao mdy.

1.1. PHAN LOAI CAC HE THONG TU PONG

1.1.1. Trung tam gia céng diéu khién theo chuong trinh s8 NC

Trung tam gia cong diéu khién theo chuong trinh so 1a phuong tién thuc
hién muc tiéu: thong qua gia cong roan bg céc chi tiél tudng ty véi nhiéu bién
phdp cong nghé trong pham vi mot lan ga kep. dat 131 nang sudt cao va tinh kinh
t€ uu viét. Pham vi g dung cla trung tam gia cong NC rat rong 16n. Pé hoan
thanh cic nhiém vu cong nghé dat ra, cdc trung tam gia cong NC phéi thoa man
nhitng doi hoi sau day:

- Thurc hién nhiéu bién phdp cong nghé khac nhau.

- Ban kep chi tiét phai c6 kha nang quay va 1t dé thyc hién gia cong nhiéu
mit toa do.

- Ty dong doi dao, d6i chi tiét dé gidm bét thoi gian phu hitu ich.

- C6 két cau hai truc chinh, mot dé thue hién qud trinh gia céng tho va mot
dé thuc hi¢n gia cong tinh va tinh xéc nham dam bao d6 chinh xdc gia cong.
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Khi sir dung trung tam gia cong NC, do tap hop duge céc chi tist tuong ty,
56 chi tiét trong loat san phim tang 1am cho gid thanh téng cbng trén mdi chi
Li€t nhé hon nhiéu so vdi cdc may NC thong thuomg. Uu diém quan trong nay la
ket qua cla viéc giam déng ké thai gian ding mdy hiru ich (do diéu kién ky
thuat hoac do ngudi didu khién may. vi du cdc tiéu hao thi gian phu khi diéu
chinh mdy hoac khi do kiém...).

1.1.2. Hé théng may tu dong linh hoat didu khién theo chuong
trinh so

Nhiam muyc dich gia cong tong hop, t0an b6 mét chi ti€t hoac nhiéu chi riét
trong tu trong cdc loat san xudt nho khéac nhau, khuynh hudéng thiét lap heé
théng tu dong linh hoat didu khién NC ngay cang phat trién. He théng may tu
dong linh hoat diéu khién NC thuc chat la mot tap hop nhiéu mdy NC hoic
nhiéu trung tam gia cong NC, iién két véi nhau théng qua dong huy thong chi
tiet va huu thong dao cu duge didu khién bai mdy tinh dién tir. Ban doc cdn luu §
nhitng dudng day hay nhitng day chuyén ty dong tir cdc may 1 hop trude day
déu duoc quan niém la nhimng hé théng miy co chuong trinh CUNG, nham giai
quyét cic nhiém vy cGa san xuat loat 16n va hang khai, Ciing nhu vay, mét tap
hop cdc mdy NC duge didu khién bai mot cum dién todn trung tam {(nguyén tic
DNC) trong d6 khong c¢6 méi lien heé thong qua mot dong luu thong chi tiét tue
dong hod, ciing khéng duge goi 1a mot hé¢ théng ty dong ho linh hoat diéu
khién NC. Néi cdch khdc, dong luu thong chi 1iét wr ddng hoa 1a dac tinh quyét
dinh cia h¢ thong ty dong linh hoat diéu khién NC. Ngodi ra, tuy thudc mic do
ty dong hod khdc nhau, tuy thuoc muc dich kinh t&, k§ thuat khic nhau ma he
théng ty dong linh hoat didu khién NC 6 thé huy déng thém cic cum chic
nang khdc. Vi dy: cdc thiét bi van chuyén va trao déi chi tisi (g4 dat, dinh vi,
dmnh tdm...), cdc cum diéu khién gia cong, kiém ira va thir nghiém, cdc cum
thi€t bi diéu hanh dong luu thong vat lieu phu, khai théic phoi va vat liéu phé
thdi cling nhu cdc cum thiét b lien quan dén dong luu théng thong tin. Ul diém
co ban cia h¢ théng ty dong linh hoat didu khién NC I3 giam bot 16i da thai
gian van chuyén, thai gian che, thoi gian nam dong ciia chi tiét trude va giiia
cdc qud trinh gia cong vi kiém nghiem. Uu diém nay ¢6 dugc 1a nhé sir dung he
théng dién todn diéu khién gia cong trong h¢ théng ty dong linh hoat. Toan bo
qua trinh ch€ tao cdc chi tiér trong loat san xuat nho duge thuc hién & mic do 1y
déng hod rdt cao va rét chat lugng.
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Ban doc ciing cdn luvu y sir khac biét gitta hé théng mady va hé théng gia
cong tr dong linh hoat;

Mot hé thong gia cong wr dong linh hoat bat ddu tir khdu phan chia mot
nhiém vu gia cong va két thic khi dua ra cdc chi ti€i da duoc hoan thién dam
bio chat luong.

Trong khi d6. mét hé thong may wr dong linh hoat con ¢é nhimg phén tir
chitc nang quan trong khac nhu khu vie chuan bi cong nghé, t0 chirc dong luu
thong M va I, kho chita phoi liéu. vi tri chudn bi chi tiét (ga kep. dinh vi...), kho
chita thanh pham, kho chita cdc phu kién may ciing nhu bo phan bao dudng va
thay déi cdu tric hé théng.

Peé thiét 1ap mot hé théng may 1y dong linh hoat phai thuc hién nhimg cong
viéc c¢ ban sau:

- Lua chon truGe mot pham vi cdc chi ti€t gia cong.

- Phén tich thai gian gia cong (c6 dinh cdc wrang thai THUC).

- Téng hop cdc dif liéu chi tiét (kich thude, dung sai...).

- Ddnh gid cac dir lieu chi tét,

- X4c dinh cdc nguyén cong gia cong.

- Lua chon mot hé thong diéu khién thich hgp.

- Tinh todn mirc do tv dong hod cin thiét,

- Tinh todén tiém nang nhimg véu cdu.

- Xdac dinh lva chon cdc hé thong mdy khac nhau.

- Ghép ndi cac hé thdng kho luu trit va van chuyén (cac loai thiét bi té chitc
dong luu thong chi tiét, luu thong dao cu va cdac khu vue lwu triY).

- X4c dinh uudc cdc chi tiét dién hinh ¢6 tinh dai dién.

- Phan tich, phédn chia cdc nhiém vu gia cong.

- Tinh todn kinh t&

- Lua chon ldn cudi cho mot hé théng mdy xac dinh.

Noi tom lai viéc thi€t lap mot hé théng ty dong linh hoat phai dim bao dac
tinh {inh hogt (mém) cla 10an bo he thong. NG thé hign ¢ chd: mot loat cdce
thiét bi gia cong diéu khién NC duge ndi ghép vdi nhau théng qua mot he théng
diéu hanh dong luu thong vat chat M va luu thong thong tin I, sao cho mot mat
gia cong ty dong tirng nguyén cong duge bao dam, mat khdc trong mot pham vi
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xac dinh truéc, céc nhiém vy gia cong khac nhau trén cdc chi tét khic nhau vin
duoc thuc hién lién tuc ma khong cdn dén su thay doi két cau mdy hoac gd lap.

1.2. TG CHUC DONG LUU THONG CHI TIET

V& nguyén tic, cau tric cua cac ¢ thong ty dong linh hoat chiu anh hudng
tryc tiép boi phuong thic 6 chirc dong chi ti€t trong h¢ théng may. Nhimg yéu
ciu c4n quan triét khi lya chon phuong dn 16 chirc dong chi tiét la:

- Co duong van chuyén ngan nhét.

- C6 tinh linh hoat trong thir ty cdc nguyén cong gia cong.

- C6 mitc d& chat tai t6i uu doi véi cdc tram gia cong.

- Co thoi gian thong thods chi (i€t ngan nhat.

- C6 diéu kién phuc vu nhiéu mdy thong qua thi€t bi chuyén déi.

- C6 gid thanh ché tao thap.

Nghién ciui cac he thdng tu dong linh hoat hién cé wueén the gidi ta thiy ro:
trong nguyén tic 16 chifc dong chi 1i€t c6 ba phuong 4n co ban va mot phuong 4n
mo rong.

1.2.1. Hé thdng may vai nguyén tic “ndi ghép thay thé”

Hinh 1.1 trinh bay so d6 nguyen tdc cia phuwong dn ndi ghép nay.

3
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Hinh 1.1. Hé théng mdy néi ghép theo nguyén tdc thay thé
M, - Tram cong nghe; R - Robat; P - Ban kep chuén (palette); L - Kno phoi ligu; L; - Kho thanh pham

Ca trong phuong dn dit cdc tram cong nghé trén duong thang hoac dudng
tron, dac tinh co ban cha hé thong L



Cdc trung tam gia cong ding trong hé théng duoc ndi ghép vdi 6 tici wy
trung tam mot cdch song song, khong phu thude nhau. Trong hé théng chi cé
moi quan hé trao déi phoi liéu va chi uét da gia cong giita & tich luy trung tam
va timg tram cong nghé riéng 1é.

MOt trinh tu cong nghé tram nay sang tram khdc 1a khéng bét buoc, néu
c6 ciing phdi thong qua 6 tich iuy trung tam dé chuyén d6i (6 tich lu§ “tich
cuc™). Do dac tinh nay ma nhiing doi héi vé mat 18 chie d6i véi hé thong diéu
khién dat ra don gian, tao diéy ki¢n cho cdc co cdu van chuyén va trao déi phoi
lieu dé dang phuc vu nhiu mady. Cic tram gia cong duoc chat tai cao vé thai
glan, tuy nhién viéc sir dyng cdc tinh nang k¥ thuat coa ching khéng dugce triet
dé. N6i cach khic, tinh linh hoat ctia hé théng bj han che mot cdch ding ké.

1.2.2. H§ théng may vdi nguyén tic “néi ghép bé sung"”

Hinh 1.2 mo ta nguyen 1ac 13 chic ciia hé théng “noi ghép b6 sung”. O day
6 thém méi quan hé trao d6i phoi licu hoac ban thanh pham giira c4c tram cong
ngh¢ khic nhau. Mot trinh tu cong nghé di qua cdc tram duge xdc dinh tir
chuong trinh diéu khién, chj tiét sé dugc gia cong hoan thién trén duémg luu
thoéng cua chiing, cdc tram cong nghé “bo sung” nhiing tinh nang k¥ thuat cho
nhau, cing tham gia gia cong hoan thién cho chi tiét. Theo dé nhimg yéu cau
diéu hanh dong chi tié dat ra cho hé thong diéu khién s& phitc tap hon, tuy
thudc s6 tram cong nghe c6 trong he théng va s6 dia chi ma mot ti€n trinh cong
nghe phat di qua. Kha nang phuc vu nhiéu mdy cha cdc co cdu van chuyén va
trao doi phoi liéu bi han che...

AT T T T T T T

Ly ... —e Bau ra
sdn pham

Hinh 1.2. Hé thong mdy theo nguyén tde “ngi ghép bé sung”
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G mot mic do nhat dinh, viec phan chia cdc nhiém vu gia cong wén cic
tram cOng nghé phai dat dugc nhimg thdi gian chu k¥ x4p x1 nhau. Vi nguyén
tic néi ghép nay, hé thdng 16 ra cé tinh linh hoat cao hon, cdc tram cong nghé
duge khai thac triét dé hon nhimg tinh nang ky thuat cia chiing

1.2.3. Hé théng may vdi nguyén tic “ndi ghép 16 hop”

Hinh 1.3 trinh bay so d6 nguyén tic “ndi ghép 16 hop” hé thong, trong dd
ton tai bat cif mot moi quan hé trao doi ndo. Pay 1a hé théng mdy c6 tinh linh
hoat cao hon ca so v&i hai hé théng vira mo 14.

Cac trung tam gia cong vira duge chat tai cao vé mat thai gian, vira cé diéu
kién phdt huy triét dé tinh nang k¥ thuat cia chdng. Cdc phuong tién van
chuyén va trac d6i phoi liéu c6 diéu kién phuc vy nhiéu mdy. Hién nay, cdc he
théng ty dong linh hoat chu yéu duge thiét lap theo nguyén tac ndi ghép nay.

el ]
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Hinh 1.3. Hé thong mdy theo nguyén tdc “néi ghép to hop”

1.2.4. Hé théng may theo nguyén tic ‘ndi ghép mad rong”

Theo nguyén tic ndi ghép nay, nh ¢é thém cic 6 tich luy trung gian (hinh
1.4) - didm nhiém dia chi “trung chuyén” - ma tinh linh hoat cta hé théng duoc
nang cao thém mot mic, dac biét 1a linh hoat vé mat thii gian. O dau dong luu
théng chi tiét “chdy” nhanh thi & d6 ¢6 6 tich lu¥ trung gian diéu hoa, tranh
duge hién tugng 1 tran hodc bé iac trong luu thong chung cia dong chi tiét
trong hé théng may. Trinh ty cong nghe c6 thé 1a bat ky, chu ky thdi gian cia
méi cong doan khong cdn go ép dé dat tinh xdp xi, trdi lai ¢6 thé wy ¥ khai thic
t6i da cac ch& do cdt got rat khic nhau, vira dam bao chat lugng bé.mél gia cong
cling nhir cdc diéu kién k¥ thuit khdc.
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Ly kho trung gian

— R K

AT I LT L T T~ 2

sén pham

Hinh 1.4. Hé thong mdy theo nguyén tdc “ndi ghép mo rong”
1.3. TO CHUC DONG LUU THONG DAO CU TU PONG HOA

Tu déng hoi dong luu thong dao cu duge thyc hién theo hai giai doan:

Giai doan !: Diéu chinh cdc dzo cit va nap ching vao 6 tich dao. Giai doan
nay thuomg duge tién hanh bing tay hoac co khi hod va ty déng hod timg phdn.
(Mai dao dé dam bao cic géc canh va bé mat cha timg phén ur cat hoac lap ghép
céc manh cét vao mot than 16 hop...).

Giai dogn 2: Lay dao da gia cong tir 6 kep dao trén truc cong tic nap trd lai
& tich dao va thay viio 6 kep dao cia truc chinh mot dao khdc dén luot gia cong.
Day la giai doan déi dao trén mdy, duge thuc hién ty dong hod mot céch trigt
dé. K&t cdu va nguyén tic hoat dong clia cdc co cdu doi dao chiu anh hudng cla
cdc yvéu 10 sau day:

- 86 luong dao ddi hot trong quy trinh cong nghe.

- Khong gian chuyén déi giira truc chinh va 6 tich dao.

- Thit tu dao cu, cach sip x&p. dia chi va mé hod dia chi clia ching trong 6
tich dao.

- Luong diéu chinh dao hoac diéu chinh sai Iéch cua dao thuc hién trén may
trong qué trinh diéu khién mady.

Nhém muc dich han ché d&€n mic thdp nhét céc chi phi cho cdc thiét bi doi
dao trr dong, cin thi€t phai xdc dinh s6 luong dao cu trén mdi tram cong nghe 1a
nho nhat nhu c6 thé. G day dat ra van dé hop 1y hod giira s6 luwgng dao trong 6
tich dao v6i tinh nang k¥ thuat cla mdi trung tam gia cong ngay tir giai doan
thi€t ké.
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Nhirmg ddu revolve hinh sao hoic hinh trong (xem hinh 1.5) thuong bi han
che vé khd nang tich dao. Dau revolve hinh sao dugc thi€t k&€ cho khu vue diéu
chinh kep dao, hoac duoc lap vao u truc chinh nhiéu truc cong tdc.

Khi can tich [ug nhiéu dao cu, ta thudng dung cic két cdu phi hgp nhu: 6
tch luy dao dang dia (hinh 1.6), 6 tich dao nhiéu tang (hinh 1.7). 8 tich dao
dang xich (hinh 1.8) va cdc k&t cau khic.

N
(I ! | 1
[
t S
_ L ! — 1
|
} !'
]
L H I
i
T,
Hinh 1.6.0 tich dao dang dia Hinh 1.7, (5::’(:}: dao dang
cho 100 dao nhiéu ting cho 150 dao
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Hink 1.8. O tich dao dang xich cho 60 dao

Cac dang O tich dao duge phan biél bt céc ticu hao cho chuyén dong didi

vi tri dao. $6 luong cac chuyen dong v chi¢u dai cha duong van chuyén dao cu.

K&t can doi dao trinh bay ren winh 1.9 thuc hién theo nguyen tac thoi gian doi

dao tinh vao thai gian aguyén cong. Truc chinh khi 461 dao phai dung yen. Trai

jai & cac mdy €0 K&t cdu hai tryc chinh (high 1.10). tryc bén rén duge thay dao

trong khi truc phia dudi dang thuc hien gia cong €0 ban va do do thoi gian

nguyén cong chi tinh théem khoang dong mach )
6 uu diém dac biét 1a nhimg dau khoa

i diu dao revolve. Giai phdp

o nhiéu truc, trong do ¢ thé d6i dong

thoi phiéu dao chng lic abu hinh 1.11 mo ta.

Tréen hinh 1.12 trinh hay mot hé thong may ty dong Ii
trung 1am gia cong diéu khién NC giong »
duoc td chirc g muc do 1 dong hod dac biét cao.

hau, trong dé don

nh hoat bao gom 4
g luu thong dao cu
M6i trung tam gia cong cod mot

& tich dao dang xich 1am sidc (khoang 50 dao) hoac dang xich duong thang. Gic

<ich trit dao niy dugc a6t vhép lién vOi cic €

Hinh 1.9. Thiét bi doi dao tu dong
trén may mot truc chinh
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Hinh 1.10. Thiét bi doi dao tu dong
trén mdy hai truc chinh
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Hink 1.11. Déi dao tu dong & nhitng ddu khoan diéu chinh trudc

Hinh 1.12. Hé thong mdy tw dong linh hoat gia cong cdc chi tiét khdng tron
Trong mat tudng cua gid tich uy palette 2 ¢6 mot trung tam tang trd dao
cu. Trung tam nay duge néi ghép voi cic xich trir dac thong qua mot xe chuyén

dao. Mot 16 chiic phan phoi nhur vay cho phép thyc hién mang chuyén bat cif dao
cu nao tdi bat cif mdy nao.

Trong dong lu thong dac cu, viée sip x€p dao va dia chi hod vi tri clia

chimg 12 mot vdn dé quan trong. Cic phuong an sap x&p dao trong 6 tich dao c6
thé thuc hién theo nhiéu cach khdc nhau:

- Xép dai dao theo trinh tyf cac nguyén cong gia cong (hinh 1.13a). Nhimg

dao cu giong nhau trong nhing budc nguyén cong khdc nhau dugc lap lai trong
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& tich dao nhiéu ldn dé trdnh van chuysn phite tap. Khi nap dao diu tién vao 0
tich dao, cdn phai chd ¥ cian than tuyetl doi dé (ranh nham lan thi w dung dac
trong quy trinh c6ng nghe.

_ X¢&p dat dao theo thu chd dat rong © tich dao (hinh | 13b).

S thit tu trong O bang 80O thir ty dao cu. moi dao c6 mot V1 11 ¢ dinh cua
n6 trong O tich luy. Ta gui d6 1a sy ma hoa dia chi theo vi tri cua A tich dao.

- Xé&p dat dao theo thtr 1y bat ky (hinh L13¢). Ciac dao cu duge ma hod, vi
du theo cot ma trinh bay wrén hinh 115 Mot thi¢t bi doc. doc trén cac vong ma
hoa, chon ra dao gia cong & budc 1i€p theo. Viéc nap dao lan ddu tién hoac nap
dao trés lai déu c6 the thuc hién bat kv.

| Opiwz1 | Op1.3uBWz1
Op2Wz2

Hinh 1.13. Nhitng khd ndng xép dat dao cu khdc nhau trong 6 tich luy

e

124816124816
—_———
2 1
Hinh 1.14. Nguyén tdc md hod dao cu theo SIMON

Pé thyc hién ma hod dao cu. €0 ihé dupg cdc ddu higu cia hé nhi phan
thong qua:

i. - dudng kinh vong tron 1an.

O - dudng kinh vong tron nho.
hoac 1a, trong trudng hop cdc dudng kinh déu bing nhau ta ding nhiing dac tinh
vat liéu thich hop. Vi du:

L - trang thai tir hod.
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O - trang thdi khong 1y hod.

Doan ma hod ¢4 the chia lam hai khu vue:

1) Nam vi trf hé nhi phan mo 1 so higu dao cu.

2) Nam vi trf h¢ nhi phan mo ta s0 hi¢u nhom dao.

Nhu vay ta ¢616i 2° » 2° = 327 = 1024 kha nang phan biét dao, di ding cho
bat cit & tich luy dao nao.

1.4. MUC PO TU DPONG HOA CUA CAC HE THONG MAY VA HE
THONG GIA CONG
PSi v6i mot hé theng 1y dong linh hoat, viéc tinh todn mirc do ty dong hod
cta ching 13 thyuc su can thiét. Trude hét. mic do tu dong hod cho mot qua trinb
cong nghé bit k¥ duge tinh todn boi:

A= _ law

1
Urnech {hant

trong do:

t.q DOAC i, - thOL glan can thi¢t phai xdy ra trong quy trinh cong nghé
ndo d6 céc cong viec co khi hod hoac 1am bang tay.

t,, - thoi gian can thiét cho cung cong viéc Av khi nd duge tu dong hod.

V@i dinh nghia nhu vay vé mic do ur dong hod, moi trang thdi ¢ (bing
tay, co khi hoac tu dong hod v&i 16n hao nho) dugc so sanh vai trang thii mé
chia dang tr dong hod cao hon trong cac qua trinh gia cong. Chimg nao mot
cong doan nao d6 con phai thyce hién gia cong. thi A" con luon ludon nho hon 1.
Chi khi t,,, = 0 méi ¢6 A= 1 va day la diéu 1y trong khong thé co.

Vi du: L., = 20 phit (irang (hd1 ci)
t,,= 3 phit (trang thdi mat)
AT= |- 2 =075
20

Khi tinh todn méc do tr dong hod cia mot hé théng may, ta ¢6 thé dya vao
kinh nghiém kiém chimg cua Klein: “(ic yéu 10 chiic nang riéng le cua mot hé
théng may c6 mic do t dong hod ty I¢ vai chénh lech tiéu hao ddu wr gilta giai
phap hién ¢6 (Jam viéc cu khi hoac trong giai doan lam bang tay) va giai phap 1wy
dong hod™.



Vi du: Tinh todn mic do tr dong hod ciia met h¢ thong mdy ¢ cac yéu to
chic nang riéng 1é nhu & bang sau:

Ty 18 Mic 48 tif dong

B Chife nang chénh léch g hod A°
1| Cam nam chuyén 66i chi tist ngoai hé thdng may 0,05 ) 0.1
2| Chusin bi chi tiét ngoai hé thng may Lo 00s 0.1
.3 |Chudn bi céc phuang ten lam vies vavan hanh | 005 0.1
________ 4_|Dongchitiet | o0 _ 02
_____ 5_|Cactramgia cong _ ] 04 0.7
_______ 6 |Deng vatlieu phu . 005 | 0.1
7 |Khaithacphoi 0,08 0.1
8 |Kiém tra cht iuong 0,15 | 0.6 N

Mifc do tv dong hod toan b hé théng duoce xac dinh boi:

AL = YAl =005%0,1 + .. 1015 0.6 = 0.435,

Ban doc da bi€t, trong nhidu ket qua nghién ciu ¢ong ngh¢ san xudt loai
hinh loat vira, loat nho va don chisc cho thay, cho dén nay mdi chi c6 ching
33% téng thoi gian lm viéc Ja thoi gian co ban: con la1 67% 1a 1h&i gian phu,
th&i gian chuin két va thai gian van chuyén. trao doi chi tiet gia cong (chiém 16i
40%). Viéc van chuyén vi trao déi phoi ligu gém nhimg thao tic don diéu vai
nhip dé bat buoc, ¢6 thai gian chu k¥ ngin, trong nhiéu trudmg hop phai thuc
hién rong nhitg diéy ki¢n khé khan nhu tieng én, bui bam, néng bitc hoac moij
truong cé doc t4...

Trong k¥ thuat tv déng hod ché tao co khi, viéc thiét k& ché tao va sir dung
nhitng thiét bi t6 chire. diéu hanh dong chi tiét va dao cu, thoa man tst nhiing
yéu ciu cla nguyén cOng van chuyén vi trao déi phoi liéu, trés thanh huéng phat
trién ¢6 tdm quan trong, quyet dinh hi¢u qua kinh t& va k¥ thuat cua ty dong hod
san xuat loat vira, loat nho va don chiéc. Da tir lay trong k¥ thuat tr dong hos
ch€ tao co khi ngudi ta nhan ra mot nhugc diém, dé 1a sir tign bo khong ngang
bang giira hai khu virc: gia cong cat got va van chuyén, trao déi phoi liéu. Tinh
trang nay déic biét nghiem trong d6i vdi loai hinh san xuat loat vira va nho. Ly
do c@n ban [a loat san xuart nho, thudng xuyen thay déi vé kich thudc, hinh déng
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K& cdu va cde véu cau k¥ thuat dan den sy thay déi quy juat luu thong dong chi
{ié1 va dao cu ma philmg trang thiét bi “cing” khong sao gidl quyét dugc.

Nho su ra dési vi phdt trién cua ky thuat ngudi may cong nghiép vl kha
nang chuong trinh hod linh hoat, nhwoe diém do dd va dang duge khac phuc
ngay mot triét dé. nang trinh do tu dong hod loat vira vi nho 1én mét budce
quyét dinh.

Noi tém Jai. muc tiéu phan dau cé mol phuong thifc gia cong kinh t&, e
dong hod du mic hop 1y cho céc chi tiél loat vira va nho, <6 hinh déng, kich
thudc. chat lugng vat lieu va véu cau k¥ thuat rat khic nhau. chi ¢6 thé dat 51
thong qua trién khai ung dung cic hé thong e dong link hoat robot hoa. trong
d6 ngoai qué trinh gia cong tur dong tren cAc tram gia cong rieng 1€, con 6 them
dong chi tigs, dong dao cy. dong vat ligu phu ty dong hoa va mot dong thoéng tin
phan ting tong hap, quan 1y va diéu hanh toan bo qué trinh cong nghe.



CHUONG 2
HE THONG MAY TU DONG LINH HOAT ROBOT HOA

1. KHUYNH HUGNG TU PONG HOA DONG LUU THONG CHI
TIFT TRONG SAN XUAT LOAT VUA VA NHO

2.1.1. Phat trién céc trung tam gia céng diéu khién NC

Su phdt trién cdc trung 1am gia cong NC. nhu da phan tich 12 nham muc
tiéu c6 thé gia cong hoan thién nhimng chi 1iét khac nhau irén cing mot thi€t bi
cong nghe. Dé xadc dinh vai tro cong ngh¢ cua mot trung tam gia cong NC. ¢c6
thé xuat phat tir hai dat trung chu véu dudi day.

a. Ddc trung lam viéc tu dong

- Mot qua trinh gia cong ty dong véi nguyén tic diéu khién theo chuong
trinh s6 cde chitc nang déng ngat va thong tin dudng dich chuyén...

- Mot qui trinh chuyén déi dao cu tu dong tir 6 tich dao cd sé Jupng dao du
1én cho céc quy trinh cong nghg ddi hoi.

- Mot qua trinh chuyén déi chi ti€t ty dong sao cho ty t¢ thoi gian gd dat va
thio d& so vdi tong thi gian gia cong ¢O ¥ nghia quyét dinh. nang cao hiéu qua
sur dung cla trung tam gia cong.

_ Mot kha nang iap lai nhanh chéag cic nguyen cong cong nght rieng le
cho nhitng quy trinh khic nhau.

b. Biic trung linh hogt hay la tinh “mém”

Dé dam bao tinh linh hoat cia trung tam gia cong, cdc thigt k& ky thual
phai thod man dugc nhimg doi hoi sau day:

- Thuc hién duge tat ca cdc bin phap cong nghe dat ra cho mot chung loai
chi tiét xdc dinh. Chang han d&i v6i cde chi tict khong tron, (61 thi€u la tién
hanh duge moi nguyén cong gia cong ¢d chuyén dong cat 1a chuyén dong quay
1ron cua dao véi nhimg thong s6 hinh hoc 19p cdt xdc dinh.

Hoac d6i véi chi ti€t tron xoay, 10 thi€éu 1a cdc nguyén cong co chuyén
dong cat gquay tron hodc do duo. hoac do chi 1i€t thige hién v&i nhitng théng 50
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hinh hoc 16p cat xdc dinh.

_ C6 kha nang lua chon diéu kién cat 161 uu trong nhilng ving thay doi rong
& 16¢ do quay va lugng chay dao. Cic chuyén dong hd trg nhu: chuyén dong
cia ban méy. chiéu cat va ving lam viéc clia cac cum két cau o thé dugc 1o hop
mat cdch bat ky.

. T&i thiéu phai gla cong duoc 14l ca cac bé mat chi tiét song song vGi mot
tryc trong mot lan ga.

_ Chuyén doi nhanh chéng c&u triic toan trung tam khi cén thiét.

N6i tém lai, cac trung 1am gia cong NC ¢6 kha nang thuc mén mot qud
trinh 1am viéc hoan toan W dong trong quy trinh gia cong hoan thién, hop nhat,
nghia la gia cong dugc cic chi 11&1 khac nhau theo mot trinh t lya chon ¥ do
ma khéng c6 chi phi cho viéc trang bi lai cac thiét bi gia coOng.

D& 1am rd tinh wu viet cua viéc gia cong céc chi {i€1 trén trung tam gia cong
diéu khién theo chuong trinh s6. ban doc c6 thé xem mdt vi du dién hinh sau
day:

e Chi tiét gia cong: Vo hop méay nén kbi - loat chi 1€ 20 chiée.

¢ Quy trinh cong nghé: 1301 nguyen cong - 68 loai dao {(itt khoan 1am.
Khoan, khoét, cit ren, doa, phay phang, ti¢n mat. cit rinh...) - 11 hudng cat got
- 2 lan ga kep.

« Gia cong trén cdc loai mdy thong thuong:

_Théi gian gia cong cho timg chi ¢t 20.5 g10.

- Thoi gian ché tao ca loat: 9 tudn 1.

» Gia cong trén trung tam gia cong NC:

- Thoi gian gia cong cho ting chi i€t 4.5 gid.

- Thoi gian ché tao c4 loat: 1.5 tudn 1€,

Qua vi duy nay, dé nhan thdy du gia cong don chiéc hoac gia cong hang loat,
viee sl dypg trung tam gia cong NC luon dat hi¢u qua cao s0 v&i cac thé hé
thit bi thong thuang. Tuy nhien cho dén nay higu qua sir dung cédc trung tam
gia cong NC van chua duocc khai thic trict dé. Thanh phan cla thoi gian s dung
trong tong quy thdi gian sdn sang hoat dong cua trung 1am mdi chi chiém 40%.
Phan con lai ding vao thdi gian chay thu. hong mdy, sua chifa, thiéu sot lang
phi trong 16 chitc san xudt hodc chua 16 chic 1am viéc ca 3. Diéu dé nd1 lén

ring. ca vé mat k¥ thuat diéu khién cang nhu k¥ thuat mdy. cdc trung tam gia
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cong NC con cdn phai khong ngimg duogc nghi¢n cue hoan thién. Sy phat trién
tié€p tuc cua chung la di theo khuynh hudng tang cudmg khd nang ghép ndi dé
hink thanh cdc hé théng mdy tr dong linh hoat, thuc hién cdc chu trinh gia cong
nhiéu cap. Nhu vay, vé mic do v dong hod. trung tam gia cong NC nam gilia
cdc may diéu khién theo chuong trinh s “don gian™ (thuc hién 1u dong
timg nguyén cong gia cong néng le} va cac h¢ théng mdy 1ty dong linh hoat (gia
cong hoan thien chi 1€t ké cd diéu khién chuong trinh cho cdc cong doan van
chuyén va trao déi phoi lién, bdn thanh pham. dao cu cling nhu vat liéu phuy).

2.1.2. Phat trién cac hé thdng may tu dong linh hoat

Thire 1€ phén 16n cdc xi nghiep ch¢ tao co khi o mic do phat trién do1 hoi
dam bao mot qud trinh gia cong wr dong 161 ru (véi mot lugng lao dong it nhat
vé co bap va tinh ché nhat ve tri tug) dé jam ra duoc nhimg san pham ¢6 kich
thrde va hinh déng két cdu rat khidc nhau. nhimg ho chi tiét ¢ yéu cau k¥ thuat.
phdm chdt vat ligu da dang va ngay ¢4 nhitng loat chi tiét rdt nho van dam bao
duge tinh kinh t& cua cong nghé ty dong.

Muc tiéu dé. yéu cdu dé chi ¢d the thoa man nho cac hé théng 1y dong linh
hoat, trong dé ngodi mot qud trinh gia cong dong ¢ timg tram cong nghe
riéng 1é con ¢ nhimg dong luu thong chi tiét giGa cdc tram cong nghé va mot
dong luu théng thong tin 1dng hop diéu hanh. Luwu théng chi et va huu thong
thong tin doi hoi nhimg giai phdp mdi, thich ung vdi nhitng diéu ki¢n riéng biét
cia xi nghiép (tuy thuoe vao gid thanh sin pham, mic do tr dong hod ciing nhu
t6 chirc loat san pham) nham dam bdo hiéu qua kinh t& t6i da cho chil ddu wr. So
v&i cac trung tam gia cong NC. cdc h¢ théng mdy tu dong linh hoat ching to
mot tiém nang k¥ thuat 16n hon nhi€u. Pac tinh linh hoat (flexibility) dat nén
mong cho k¥ thuat gia cong tr dong cdc loat san pham vira va nho, trong d6é ho
chi 1iét ¢6 thé gop thanh tir nhilng khoang kich thudc khd rong hoac tlr nhitng
hinh ddng ké1 cdu c6 muc khdc bict rél 16n. Tinh linh hoat cang thé hién uu
viet hon d6i vai cdc chi ti€l c6 thai gian gia cong dai trén timg tram cong nghé
riéng le.

Duong nhién mic do linh hoat clla mot hé théng may tu dong cing déng
thdi 1a yéu 16 quyél dinh nhiéu nhat mic gid tri dau tur kinh t€ vao thiét k€, lap
dat he thong. "M linh hoat” v “muc dav ™ s duoc diéu hoa bdi chi tiéu
“khai thdc tiém nang k§ thuat mot cdch trigt dé” rén ting tram cong nghé. Hoi
véi gid thanh san pham thi bi¢n phdp giam gid thanh c6 ¥ nghia nhdt 14 rut ngan
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t6i da téng thoi gian “luu + thong™ cla chi tiét qua h¢ théng, ndi cich khéc la
bien phap ddy nhanh wc do dong luu thong chi uct.

Tir cdc khia canh vira phan tich, ban doc dé nhan ra van dé la: Dong chi tict
trong ndi bd mot hé thdng mady can phdi ¢6 mie do ty dong hoa twong duong
véi trinh do tu dong hoa trén titng tram cong nghé riéng lé. Doi voi yeu cdu vira
néu trén, cdc tay may, ngudi may cong nghiép thyc hién nhiém vu khar théc,
van chuyén va trao doi phoi liéu, ban thanh phdm, thanh pham cilng nhu cac gd
lip, dao cu va vat liéu phu... déng mat vai rdo quyét dinh.

Cé thé néi: cic trung tam gia cong NC ¢6 tinh linh hoat cac va nhung tay
mdy. ngudi mady diéu khién theo chuong trinh nhiéu truc chuyén dong la hai co
53 k¥ thuat can ban nhat déi vai qua trinh thi€t 1ap mot h¢ théng may wr dong
finh hoat.

3.2. NHONG NGUYEN TAC CAN BAN KHI THIET LAP MOT HE
THONG TU PONG LINH HOAT CO SU DUNG TAY MAY -
NGUOI MAY LAM NHIEM VU VAN CHUYEN VA TRAO POI
PHOI LIEU
(HE THONG TU PONG LINH HOAT ROBOT HOA)

Ciu triic cuia mot he théng mdy linh hoat chiu anh hudng truc tiép va quyét
dinh bdi cdch t6 chirc dong luu thong chi tiét. Khi to chic mot dong luu thong
chi tiét, phai dam bao nhiing yéu ciu co ban dudi day.

2.2.1. Budng van chuyén ngan nhat

Dudng van chuyén chi tiét cin ngin nhit nhu di¢u kién thuc € cho phép.
Do dai ciia dudng van chuyén 12 yéu 16 quyét dinh mifc do don gian hay phic
tap. theo d6 la gid ddu tu vdo cdce thi€t bi van chuyén va thoi gian dé van
chuyén, trao d6i chi tiét.

Yéu cdu nay dugc quan tam dic biét doi v6i doan van chuyén chinh yéu
trong hé théng, dé 1a cdc doan: - “Kho tich luy chinh - Kho tich luy van
chuyén™ - “Kho tich lu¥ trung chuyén - ban mdy cua trung tam gia cong’™.

2.2.2. Tinh linh hoat trong thir tu gia cong trén cac tram cong nghé

V& mat nguyén tic. tinh linh hoat luon luon dat ra d6i vdi bat ky hé thong
nao. Tuy nhién ching duge han dinh cho nhimg trudng hop gia cong wu tién
nhat. Hién tai chi ¢6 nhitng hé thong mdy thiét 1ap cho nhimg nhiém vu cong
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nght ¢6 gidi han 1 1o ra co tinh kinh té hop 1y. v1 ring nhigm vy cong nph¢ cang
mo rong, tic 1a tinh linh hoat do1 héi cang cao th gia thanh dau cho thiét bi
cang 16n. Bdi vay nghien ciru k¥ ludng su phan Joai cdc ching ho chi tiét gia
cong dé dinh hudng cong nghé uu tién, 6 gidi han van la mot not dung khong
thé bo qua trudc khi 1en dydn thiét 1ap he thong may.

2.2.3. Chat tai t&i uu cac tram cong nghé

Miic chit tai cia mot bé théng mdy bao gém phiéu tram gia cong dudc XAaC
dinh boi muc chit tai cua timg tram cong nghe riéng le:

> T
= 2l 100%
fiws m. T,

trong do: Ny - hieu suat chdl tai cua hé thong:
m - $0 luong cac tram cong nghé riéng le trong hé¢ thong:
Ty, - thoi gian sUr dung trén (mg (ran.
T, - quy thoi gian sdn sang hoat dong cla timg tram cong nghé.

& day rd rang 1a hoat dong cha cdc robot van chuyén va rac doi chi 1€t ¢o
anh huong quyét dinh nhit. Hoat dong cua cac thiét bi to chiic dong chi tiét phai
dam bao sao cho cac tram cong nghe lién tuc duge chat tai, hay la c6 nhing
khoang thoi gian dimg may ngan nhat.

2.2.4. Thai gian luu thdng chi tigt ngan nhat

Thoni gian luu thong chi 1ié1 khong chi cé ¥ nghia trong n6i bo mot he thong
ma con didy nhanh luu thong clia doag vat chdt trong hoat dong cua toan Xi
nghiep. Nhiing lang phi vo ich nhuf viéc chifa chat phoi licu va tharh pham trong
cac kho chinh va kho trung chuyén s& dugc giam bét, nho vay lam tang mot
cdch ddng ké hiéu qua kinh 1€ trong hoat dong cla toan xi nghiép.

2.2.5. Didu hanh nhiéu may cung lic

Diéu hanh nhiéu mdy clng lic trong pham vi mot he théng may la mo hinh
16 chire k§ thuat - cong nghe trong do qua trinh phuc vu (trao déi chi tiét - phot
liéu) nhiéu tram coONg ngh¢ dugc thuc hién ty dong. déng thoi va khong phu
thuoc nhau thong qua cic thiét bi 16 chiic dong luu thong chi tiét (robot cong
nghigp). Nhd mo hinb diéu hinh nhiéu may cung lic ma nang cao duge déng ke
hiéu sudt. khi ma thanh phan lao dong s6ng trong mot don vi san pham giam 151
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mifc 161 thiéy cung vai viée tang thanh phan lao déng quéd khw trong don vl san
pham dé.

Qua trinh diéu hanh nhiéu mdy cing Idc cang dugc chu trong o doan van
chuyén chinh: ~6 tich luy trung tam - tay may - ram cong nghe”. D¢ thoa man
yéu ciu do, cac robot thudng dung déu cé kha nang chay duge va quay duoc.
Chiing c6 thé ¢ | hoac 2 canh tay thao tac dor aguoc.

2.2.6. Gia thanh t3i thiéu cho cac thiét bj van chuyén va trao dai

Nham chon duoc gidi phdp c6 gid thanh hop 1y. cdc tay may, ngudi may
cing nhir cac thiét bi huy dong vao hé¢ thong van chuyén va trao déi thudng
duoc thidt k€ va ché 1ao theo nguyen tac modun hoa cum két cdv. Cac thiet bi
duge modun hod thuong c6 gia thanh thap hon 161 4 hoac 5 lan so vl cac thiét
bi duoc thiét ké theo nhiem vu k¥ thuat dat ra.

3.3. YEU CAU PAT RA VOI CAC TRUNG TAM GIA CONG NC
PUGC HUY DPONG VAO HE THONG M AY

Pé phdt huy hét tiém ning k¥ thuat clia mdi trung 1am gia cong huy dong
viio hé théng mdy linh heat, cdc trung (am phéi ¢6 kha nang n6i ghép thich tng
viao hé thdng. nghia Ja ching phai cé nhimg diéu kien vé mit k¥ thuat dicu
khién va hinh ding két cdu sao cho viéc 16 chirc dong chi tiél va dong thong tun
tw dong dugc thuan lgi. Nhimg diéu kien nay thé hi¢n & nhiing khia canh sau
day:

 Dang két ciu co ban cua cic trung tam gia cong phai gidng hoac tuong
nhau, khong qué khdc biét.

e Cic cum mdy chuyén dong ciing nhu cdc cum cong lac phai thoa man
nhimg yéu ciu phsi hop vé khong gian va kich thude ving 1am viéc.

e Vi tsi dat mdy (nén moéng mdy). tinh thong thodng cua khong gian lam
viéc phai dong nhat.

o C6 diy du thi€t bj to chiic dong luu thong dao cu tren trung tam va ¢ kha
nang ph6i hop luu thong dao cu trong toan hé thong.

« He diéu khién 6 kha nang thich tng v6i h¢ thong diéu khién chung theo
nguyén tac phan cdp céu truic.

e Cic cum thiét bi, phy ting. gi lap dugc thi€t ké va ché tao theo nguyen
tic modun hod. ¢6 thé thay ddi s dong, chinh xdc va nhanh chéng.
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* Mic d6 1y dong hod cua moi wung tam phai thich hgp véi nhimg diéu
kién riéng khi t6 chidc thanh he théng.

* Than mdy, ban mdy. dung cu ga lap cla cic trung tdm phai gidng nhau
hodc déng nhat vé tiéu chuan, kidu ding dé€ tao diéu kién don gian hod nguyén
tac lam vigc ciia hé thong vin chuyén va trao di chi tiét, thuc hién trao d6i chi
liet trong thot gian ngan nhit va dam bao do chinh xac dinh vi, ga kep.

e Ca cic trung tam gia cong va thift bi van chuyén trao déi déu phai tao
diéu kién gd l1ap chi tiét 1én ban kep chuin ngoai ving lam viec cia hé thong
mdy va ngodi thayi gian tiéc dong cua cdc tram cong ngheé.

Nhu da dé cap. cau tric cia mot he théng mdy phai dya trén co sd phan
tich dac tinh cong nghe va yéu cdu k¥ thuat cua chung loai chi tiét gla cong
trong he thong. phdi dua trén hang loai va s luong cdc trung 1am gia cong, ciu
tréc va nguyen tac lam viéc cia thiét bi van chuyén va trao déi chi tist ciing nhu
dua rén dang loai. kich thude va & lugng cua cic dao cu huy dong vao hé
théng.

2.4. PHAN LOAIL HE THONG MAY TU PONG LINH HOAT

Phan loai he théng mdy ty dong linh hoat ¢6 thé dua trén nhilng co s& khac
nhau nhu vi du dudi dav.

2.4.1. Phén loai theo chang loai chi tiét

e Cdc chi tiét ron xoay 6 ty I¢ chidu dai / dudng kinh = //d < | trong viing
kich thudc dudng kinh:

a) Tir 2 dén 60 mm

b) Tir 40 dén 125 mm

¢) Tir 100 dén 630 mm.

* Céc chi tiét tron xoay ¢6 1y l¢ chiéu dai / dudmg kinh = //d < 6 trong viing
kich thuée dudmg kinh:

a) Tir 2 dén 60 mm

b) Tir 40 dén 125 mm

¢) 'Tir 100 dén 630 mm.

* Cac chi tiet ¢6 goc canh (prisma) va6i kich thude khéi:

~a) 300 mm x 300 mm x 250 mm
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b) 600 mm = 600 mm = 300 mm
¢} 2000 mim x 2000 mm = 1600 mm.

va ¢o hinh dang bat ky.

2.4.2. Phan loai theo tiéu chuan k¥ thuat cua chi tiét gia cong

Vi du dai vé1 banh rang:

ayModunm < 1.5

b) Modun m = 1.5 dén 4.

b&i véi ho truc cling duoe xac dinh theo kiéu dang va khoang kich thudc
tuong .

Khi phan loai he thong may theo chung loai chi tiét, viéc nghién ¢lie phan
tich cong nghé ché tao chung loal ho chi 1€t ndo d6 phai duge thue hién rat triét dé.

Vi du sau day trinh bay mot phan tich v€ quy tho gian va sy mat mat théi
gian khi liua chon may trong hé théng vé tiém nang thdi gian cua ching.

Mot chiing loi ho chi tiét tron xoay sau khi phan tich cong nghé c6 nhing
yéu cau thisi gian gia cong nhu sau:

- Gia cong tho (trén TTGC tén) 3800 gids

- Gia cong tinh (trén TTGC 1¢n) 14000 gid

- Gia cong cac cong viéc phay 9000 gio

- Giia cong cdc cong viec mat 4100 g10.

Mot nam lich ¢6 8760 gid. gid tri nay go1 la “Quy thai gian toan bo™.

Vi mot ché do lao dong 5 ngay / 1 tuén 1€, 3 ca/ | ngay thi gid nghi cuol
tuAn va mot sG ngay 1& dd chiém 1di 2660 giv va do dé quy thoi gian ¢6 thé su
dung mdy con lai 6100 gi0. O day thdi gian ding mdy dé nghi v bao dudng, sua
chifa vat dugc tan dung vao cdc ngay thit bay. Néu tinh thém céc thai gian dimg
mdy vi nhifng nguyén nhan khic ¢ muc 18% thi quy thdi gian ¢6 thé ding mdy
chi con 5000 gid/nam, nghia 12 may hoin toan lam viéc lién tuc.

- Néu chon mot trung tam tién tho thi mat mat thi gian 12 1200 git (khong
ian dung duge kha nang 1am viéc cua may).

- Néu chon 3 trung tam tién tinh thi mat 1000 gid may lang phi.

_ Néu chon 2 trung t1am phay thi mat 1000 gid mdy lang phi va
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- Né&u cion | trung tam maj thi mat 900 gi& mdy lang phi.

Tri 88 thue cua thoi glan mat mal (khong sir dung may) cé thé tim duoc
.+ uh xdc khi 1am tong k€t nam.

Vi du néu wén chicd ¥ nghia thudn twy 1y thuyét.

Khi lap dy dn cho mot hé thong may nhat thiét phai khao sdt phdn thoi gian
hong hoc cua tmg may va nhét la khi ¢6 phiéu mdy phai dimg cing lac do

phiéu nguyén nhan k¥ thudt khdc nhan.

Quy thei gian tuyét dgi: Ty = 60 phut x 365 ngay x 3ca x B gig = 525.600 phut

Nghi 1& Thai gian sén sang tam viec: Teg = 60 x 250 x 3% § = 360.000 phut
Nghi cudl
tudn

Sira chita

Thai gian gia cong: Tea = 60210 x 3 x 8= 3072.400 phut
Bac dudng 18% gan 9 9 e P

T iang pr Tau dung

Lang phi
co didu kién

thong ké, thuc nghiém

Dinh lugng theo |
cho ho chi tiét

T, luy chi tiét trén tram CN

Sl

Thdi gian tinh trong Iy thuyét phuc vu:

Tu = ZZ%“WS +lp vl * te + i
i

Hinh 2.1. Phan tich quy thoi gian

T, - thai gian chudn két; ty, - thdi gian chd Gudc 48 chi tidt; tys - d6i chi
tiet; t, - dinh vi ga kep: twz - déi dao; t - kidm tra; Cac thdi gian kKhac: lam
sach, ¥at ddi phuong...

Do nguyén nhan dau t 1dn va gid thanb gio may rat cao, cac hé thong tu
dong linh hoat can difge tan dung (ri€t dé vé quy thoi gian lam viec. Ngudi ta da
dé nghi tang quy thoi gian sdn sang lam viéc cua cdc heé thong len 161 6500
gid/nam vdi cach tinh nhu sau:

Gid dimg may bao dudng 416 gio/nam.

Céc ngay nghi bat budc 360 gig/nam.

Gid dimg may vi céc su c6 Khac 1484 gid/nam (18% tong qu¥).



Hinh 2.1 trinh bay noi dung pharn tich quy th&i gian mdy. Ban doc thay rd
viec tinh todn quy thol gian theo don V1 phiit chimg to viéc quan 1y hoat dong

ciia hé thong mdy c6 ¥ nghia kinh t€ va k¥ thuit ra sao trong san xuat linh hoat.

5 5. (NG DUNG LY THUYET PHUC VU HE THONG TRONG pIEU
HANH NHIEU MAY CUNG LUC

Dé xir 1y todn hoc cho mot hé théng diéu hanh nhiéu may ciing lac, "1y
thuy€t phuc vu” duge phat trién vit tu cach 12 mot linh vyc 1ing dung cic tinh
loAn x4c suit. Trong tmg dung thyc t&. 1y thuyét phyc vu trude het dé "mo ta”
todn hoc cho mot he théng diéu hanh. Mo ta todn hoc xay dung cho cic hé
thong di¢u hanh ciing duoce goi la “mo hinh phuc vu”. nd dua 1a binh anh vé
cach thitc tdc dung va hoat dong ly thuy¢t ciia he thong diéu hanh d6. dong thol
dua ra mot s6 chy.1iéu so <inh vh danh gi4a hiéu qua hoat dong ly thuyét cna he
thong dugc xit 1§

2.5.1. Dac trimg cua hé thong ty déng linh hoat nhé dimg vé
mit t& chirc dong luu théng chi tist

Mot he thong tr dong linh hoat nho. chéng han bao gém tr mot s8 gidi han
cac trung tam gia cong diéu khién NC vh mot robot trung tam. thuc 1€ 12 mot he
thong diéu hanh phidu may cung lac.

- Do s6 luong céc trung tam gia cong trong hé thong la co han, ta goi do la
“hé théng phuc vu khép kin™. Trong he thong nay. khong ¢o “pguyén vong phuc
vy hay “yéu cdu phuc vu” nao bi bd qua. Do vay 1a got d6 la mot “hé thong
chd” hoac “hé théng chd khép kin".

- Mot “yéu cau phuc vu” chinh la tin hiéu cua mot tram cong nghé bao cho
biét né vira k&t thic gia cong mot chi ti€t va chs mot sy phuc vu (101 chi tiét
maéi).

Ban doc ¢0 thé thdy ngay rang, trén thuc t€ khong c6 hé thong phuc vu
khép kin nao lai khong bi chi dgi hoac chd doi 6 diéu kién. Néu ¢6 chang la ¥
nhitng diéu kién 16 chtc hanh chinh, x4 hoi - mac nhién khong dé cap td1 trong
pham vi cdc hé thong k¥ thuat. Vay tht “hoan canh dac trung” clia mot hé thong
khép kin la:

Xudt hién mot tin hi¢u "goi™. Tin hiéu duoc chuyén dén trung tam diéu
hanh. shung moi phuong tien phuc vu déu dang “ban™. Tin hiéu nay khong thé
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bi bd qua nén phai ding vao “hang chd” va chd cho dén khi moi yéu ciu phuc
vu xuét hién trudc n6 déu da dugc gidi quyet.

P& don gian hod. ta c6 thé déng nhat hai khdi niém “he thong cho khép
kin” va “hé thong diéu hanh nhiéu may cung lic”. Va theo dé c6 thé déng nhat
cac cap khdi niém sau day:

- “D6i tugng” véi “tram cong nghe™.

- *“Yeéu cdu phuc vy" véi “trang théi dimg may” cua trung lam gia cong.

- “Kénh phuc vu” va "phuong iién phuc vu” (vi du tay may thi 1).

- “Khoang cich di 16i giira cdc yéu cdu” voi “thdi gian luu chi tét trén
trung tam dé gia cong”.

- “Thdi gian phuc vy v6i “thdi gian d6i chi tiel”.

Ngoai ra ta con su dung ky hiéu “M/M/n” cho mét “hé thdng chd - kKhép
kin - nhiéu kénh phuc vu™. Trong do:

M (bén trii) biéu thi qua trinh cdc yéu cau phuc vu xuat hién va di 161.

M (& giita) biéu thi qud trinh phuc vu cua céc kénh (phuong -tien phuc vu -
vi du robot).

Ca hai quéd trinh néu trén déu phai thoa man nhimg diéu kién cta dinh 1y
x4c sudt Poisson - Markoff mdi ¢6 thé tng dung duge cdc phép tinh xdc suat
theo dinh nghia. Ta sé ching minh cdc diéu kién cta dinh 1y Poisson - Markoff
& muc ti€p theo.

n (bén phai) 1a s6 keénh phuc vu trong hé thong.

Tir tdng quy “thdi gian sdn sang hoat dong” cua cdc trung tam gia cong
(tram cong nghe), trong cdc khao sat vé van d¢ phuc vu {chuyén d6i chi tiét) ta
chia ra ba thanh phdn thoi gian phuc vy nhu sau:

1. Thoi gian luu chi tiét trén trung tam gia cong dé xUr 1y cong nghé:

T B A N L
trong do: t - thoi gian cat got;
tp - thoi gian phu hitu ich trén tram cong nghe;
tw, - thoi gian doi dao:
t, - thoi gian do kiém v.v.

2. Thosi gian chuyén doi chi ti€t gia cong tys

34



3. Thoi gian chd duge phuc vu ty (12 thoi gian dimg mdy cho diéu kien 16
chitc phuc vu}.

Muc tiéu thi€t lap cac hé thong mdy linh hoat dung robot lam phucng tién
phuc vu la:

- Tang cutmg thdi gian luu chi nét dé tan dung tiém nang k¥ thuat cla cdc
iram cong nghe.

- Giam b6t thoi gian phuc vu (thai gian chuyén doi) dé nang cao hiéu suat
cuna cdc kénh phuc vu.

D6 ciing chinh 13 myc tiéu 161 vu hod hé thong diéu hanh nhiéu mdy cung
Iic hay la hé théng chd kheép kin.

.

Vi iri san sang J L Ban tiép nhan palette

f

L&y chi tiét gia cong xong

Cap mot chi tiét mai

Hinh 2.2. Chuyén doi chi tiét

2.5.2. Thit lai cac diéu kién ing dung cua md hinh phuc vu dang
giai tich
M&i mot nghién citu trén linh vye "1y thuyét phuc vu™ déu phai bat dau
bang viec kiém tra “dac trung dong cdc yéu cau phuc vy di t6i” xem ¢d thoa
min dac trung cila ddong Poisson (trudng hop don gian nhét) hay khong? Sau
day 12 ba diéu kién dugc kiém nghigm.

2 5.2.1. Diéu kién 6n dinh

X4c sudt xudt hién k yéu cau phuc vu trong khoang thoi gian (T, T + 1}
khong phu thudc vao thai diém T ma chi 1a mot ham s6 clla ban than k va 1. Ta cd
cong thitc dinh nghia:

() e
h - JRpS—

(2.1)

( day A la so luong trung binh cdc véu cdu phuc vu xuat hién trong mot
don vi thoi gian hay con goi 1a “culng do dong yéu cau”.



2.5.2.2. Biéu kién khdéng cd tac dung kéo theo

Xdc sudt xudt hien k yéu cdu phuc vu trong khoang thai gian (T, T + )
khong phu thudc vao diéu da c6 bao nhiéu yéu cdu phuc vu xudt hign cho dén
thoi gian T va ching duge xép nhu thé nao trong hang chd. Di¢u d6 ¢6 nghia la
& lugng cdc yéu cau phuc vu 1& mét dai luong xdc suat doc lap xuat hién trong
nhimg khoang thoi gian khong trang ldp.

2.5.2.3. Diéu kién trinh tirdon lé

Xac sudt xuat hién hai hay nhiéu yéu cdu phuc vu ¢ cung mot thai diém la
khong tén tai trong thye t&, Diu dod ¢6 nghia la:

p
Lim 21—

1= 1

0 (2.2)

hay la P, (1) = 0(1)

trong d6 P,,(t) 13 xdc sudt xuat hién hai hay nhiéu yéu clu phuc vu trong
khoang 1.

Tir cdc diéu kién vira néu trén. ban doc thdy r6 phan bd Poisson dong vai
trd rdt quan trong trong 1y thuyé&t phuc vu ung dung vao hé¢ thong diéu hanh
nhiéu mdy cling ltc.

Ham x4c sudt ctia phan b Poisson dugc biéu dién la:

-k -
F

P} (k=0,1,2...) (2.3)

Ham nay cé ky vong E(k) = % v&i k 1a cdc gid trl xdc sudt khong lién tuc
tuin theo phan bé Poisson. Néi cich khdc ham xdc suat (2.3) dugce xdc dinh 16
rang phan bé Poisson thong qua k¥ veng E(k) = A. Doéng thai nhimg tinh chat
vira khao sét trén day ciing cho ta sy dong nhat giita ky vong va phuong sai cua
phuong trinh xdc suat:

E(k) = D(k) = A (2.4)

Ban doc cén kg ¥ ring, khi khdo sat ““déc trung dong cdc yéu cau phuc vu
di 16" chi cdn mot trong ba diéu kién kiém nghiém khong thoa man thi khong
thé 4p dung phén b6 Poisson trong cdc phuong trinh xdc suat va do do khong ap
dung dugc “mo hinh phuc vu” trong he thong diéu hanh nhiu may cing lic.

Mat khic c6 thé kiém chimg phan b Poisson bang thuc nghiém: Quan st
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dong yéu cdu phuc vu ciia mot hé théng nhiéu médy nao dé trong nhimg khoang
théi gian nhat dinh. 56 lugng yéu cau phuc vy xudt hién trong timg don vi théi
gian duge ghi chép lai. sau d6 ddnh gid céc gid tri phan b6 nhu ky vong E(k) va
phuang sai (k). Néu ching c¢6 su dong nhdt tht cdc dac trimg phan bs Poisson
duge thod min.

Trén thyc t€ gia cong cat got cdc chi ti€t mdy, ta nhan thdy ring vé 1y
thuyét, trong pham vi mot loat san pham dong nhét thi théi gian gia cong ia nhu
nhau. Yéu cau phuc vy sé xudt hién sau méi khoang thdi gian t,. Nhung giita
cdc loat chi ti€t khac nhau thi thoi gian ty 14 rdl khic biét. Thoi gian mdy chiu
anh hudng bdi hang loat cdc y&u 16 ¢6 tinh xdc sudt nhu:

- Lue ma sat.

- D6 mon cua dao cy trong pham vi twdi tho cha ching.

- Dao dong cua tan s6 hoac dién ap lusi dién cung cdp hoic coa cdc dong
dau, dong khi 4p luc cuo.

- Sy khong 6n dinh cla cdc qué trinh gia t6c, phanh ham.

- ThOi gian déng mach khdc biét caa cdc méi ti€p xic do cdc khe ha va
hién tugng phat tia lia dién.

- Su trugt, tré trong khdp néi cia xich truyén...

Nhiéu nghién ciro da két luan: ngay trong nhilmg chu ky céng nghé giong
nhau, nhém dae cu dong nhat nhu nhau ma thoi gian cat got ciing khic biet it
nhat t¢j 5%. Diéu d6 ndi lén rang sy phan bo t, ngay trong pham vi loat san
phim déng nhdt ciing ¢6 dac iinh ngdu nhién & mét gidi han nhat dinh. Ngay ca
thoi gian d6i chi ti€t ty cling ¢6 khdc biét nhung khoang dao dong khong I6n
nhu théi gian hru chi it trén trung tdm gia cong t,.. Db sao trinh tr phuc vy da
c6 muc bi€n dong trong timg trudng hop cu thé. Do dé hoan canh dac trung cla
heé thong diéu hanh nhitu mdy cing lic 12 mot trung tam gia céng budc phai
chG phyc vu trong khi mét trung tam khic dang duge phuc vu. Cling vi vay ma
cubng do dong yéu ciu phuc vu phu thudc vao s6 tram econg nghé trong heé
thong va phy thudc vao trang thdi tam viéc thuc t€ cia cdc kénh phuc vu.

Nhiéu nghién ctu thyc nghiem da cong bo déu di 16i ket luan: dong yeu
cau phuc vu va qué trinh phuyc vu trong dai da s6 cac hé théng mdy tu dong linh
hoat déu thod man cic dién kién phan bd Poisson, va ¢6 thé sir dung mé hinh
phuc vu Poisson - Markoff duge trinh bay sau day.
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2.5.3. Bd théng s& cha hé thdng

a. Thoi gian luu chi gt trén trung tam gia cong dé xir ly cong nghé t..

t,, 12 mot dai luong ngau nhién - lién tuc. N6 duoc xac dinh boi i{hoﬁng
cach thoi gian di t&i cia hai yéu ciu phuc vy k& 1i€p nhau do mot tram cong
nghe trong hé thong phdt ra. Khong tinh dén thai gian chd phuc vu:

L. >0

b. Cudng do trung binh cua dong yéu c4u phuc vu trong mot don vi thdi gian:
. |

o= -

E(ty)

(2.5

c. SO luong cac tram cong nghé, tiém chita cdc yéu cdu phuc vu trong mot
hé thang phuc vu khép Kin, ky hiéu: m.
~d. Thai gian phuc v tyg duge tinh tir lic bit dau dén lic két thic mot qua
trinh d6i chi tiét:
Tys > 0
e. Cuong do phuc vu hay la so lugng trung binh cac phuong tién phuc vu
(robot) 1am viéc lién tuc trong mot don vi théi gian:
1
ST .
g. Tir cdc thong so 2 va din ra hé s6 ban ron B dac trung cho mife chat tai
céac phuong tién phuc vu do mot tram cong nghé yéu cau:
oo E{ty)
A+u - E(ty )+ E{tyws)

B= 2.1
va h¢ s6 ban ron B, dic trung cho mirc chét tal cac phuong tién phuc vu do tat
ca cic tram céng nghé yéu cau:

B, =m. (2.8)
h. Cic thong s6 hé thong khic la nhimg dai luong ngiu nhién khong am va
chan nhu:
I, - s& luong céc tram cong nghé & trang thai dimg;
ly - $& luong cac tram cong nghe ding trong hang cha:
1, - 8 lugng cdc kénh phuc vu bi chiém hay 1 s6 cdc tram cong nghé dang
duoc phuc vu.
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Do dé.

o= by + 1y (2.9)
1, - 6 luong cc kénh phuc vy con r6i viec (kénh phuc vy chua bi chiém).
Néu goi n 1 tong s6 kenh phuc vu thi:

n=ly+ {2.10)
1, - $6 luong cdc tram cong nghé dang lam viéc.

2.5.4. Cac dai lugng dic trung clia mét hé thdng chd khép Kin,
nhigéu kénh phyc vu M/M/n
Bang cdc dai lrong dac trung xac dinh bdi cdc phuong trinh xdc sudt trang
thdi, c6 thé miéu ta ducc tinh trang hoat dong ciia hé thong diéu hanh nhi€u
mdy cling lic, hay 1a hé théng chd khép kin nhiéu kénh phuc vu. Ching bao
gom:
a) Chiéu dai trung binh ciia hang cho:

m

Ly =E(y) = Y (k-mP (2.11)

A-n+l
b) Thoi gian trung binh trong hang chor
L w

A

¢) S6 lugng trung binh cdc kénh phyc vu bi chiém:
1] m
i, =Edl)= Y kP, +n > P {2.13)
k=0 k=n+l
d) Mitc chét tai cic kénh phuc v

L
M, = —b (2.14)
n

¢) S6 luong trung binh cdc kenh phuc vu con 1ol

L,=n-L, (2.15)
g) He s6 lang phi khong sir dung cua mot kénh phuc vu:
L.
vy = L =1-n, (2.16)
n

h) S& lugng trung binh ¢dc tram cong nghé ¢ trang thii dimg:
L\! = E(l\r) = l_w + Lh (2 17}

i) S6 luong trung binh céc tram cOng nghe & trang thai lam viéce:
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!
L,=E()=m- » kP

k=1
kY M chat 14i cha mot tram cong nghé:
L, m-Ly Ly
R L e (2.19)
m m m

Trong thuc 1& d¢ danh gia “chdt luong phuc vu” coa mot he thong cho khép
kin, ngudi ta coi thdi gian che trung binh trong hang chd ty (cho dén lic bat
dau duge phuc vu) la dac bi¢t quan trong. Ngoai ra chiéu dai trung binh cua
hang ch& L, clng ral ¢¢ ¥ nghia, boi vi no no1 len mot cdch gidn ti€p mic chat
tai clia cac tram coug nghé ciing nhu cac kénh phuc vu.

2.6. MO HINH TOAN HOC CUA HE THONG CHO, KHEP KiN,
NHIEU KENH PHUC VU “M/M/n”

Ban doc dé nhan thay gid trim (s6 luong kenh phuc vu) bao gio ciing it hon

m {56 luong déi twong phuc vu).
n<m

Hay gia thiét su phyc vu mot yéu cAu dot hoi chi mot kénh phuc vu ja du.
Trén thuc & viec chuyén doi mot chi tiét ciing do mot robot thyc hién. Bay gio
ta hdy mo ta bang gidi tich hé théng phuc vu M/M/n. M6 hinh nay bao gém mot
loat cdc moi quan he todn hoc xdc sudt va giai tich duéi day.

2 6.1. Xac suat trang thai cta hé théng phuc vu

a) Xdc sudt xudt hién k yéu cau phuc vu:
k
A

P, vi0<k=n
P, = ' ) (2.20)
\ .
_ __]_1.1' (ﬂ—\ P, véinsk<m
At tom -kt

b) Xdc suat rong (khong co yeu c4u phuc vi nao xuat hi¢n):

I -1

5 k
0o [(R) L m! A
P, = ) — =]+ e — {(2.21)
‘ {E.k!(m—k)![u} k; n!k"‘“(m—k)![u} }

¢) X4c sudt xuit hién them mot yeu cau phuc vu (dac tinh tuan tuk:
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m k| ﬂpk V60 <k <n
WHYy

k+1
P, = ) (2.22)
m_k-(i}Pk vingksm
m—
d) Xdc suvat chie
n
Pw = Z Pb\ (2-23)
k=n
g) Chiéu dai hang cho trung biah:
& (o A
Ly = Z(k—n)Pk=ll+—J‘L\,-—l—-m (2.24)
k=n-1 v H K
g) Thai gian trung binh:
Ty = % = LlJvLV -= (2.25)
Lhop n |
h) S& lugng trung binh cdc kénh phuc vu bi chiém:
n m b
L= zk‘Pk +n Zpk =Ly —La= ‘{L”(m—Lv) (2.26)
kol k=n-1 K
i} Mifc chal rai cua mot kénh phuc vu:
Iy
Ny =—{m-Ly) (2.2
.o

k) S6 luong trung binh cdc tram cong nghé o trang thai dimg may:
Ly = 2 kP (2.28)
W=t

1) 86 lugng trung binh cac fram cong nghé dang lam viéc:
L,= D kil-P=m-Ly (2.29
k=i

m) Mitc chét tii cua mot tram cong nghé:
M= = 1= (2.30)

n) Quan hé 1ong cong:

Ly+Lo+ly=Ly+L,=m (2.31)
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2.6.2. Dic tinh gia thanh clia hé thong M/M/n

Khi khao sat qud trinh phuc vu frong mét heé thong chd kKhép kin. khong thé
bo qua cic khia canh kinh & coa van dé. Ta sé dua ra & day “dai lugng gid
thanh chuyén dung™ nhu mot dai luong ngoai 1¢ khong ké dén gid thanh ¢6 dinh
{cho ddu tu cdc tram cONg nghé hay cac phuong tién phyc vu) cling nhu gid luan
chuyén trong hoat dong kinh 1€ cong nghiép noi chung.

Cac thong so cO mat rong, dai lugng 214 thanh chuyén dung bao gom:

K, - gid thanh phuc vu cho mot tram cong nghe do mot kénh phuc vu dam
nhiem (ddi mot chi ti€1).

K., - gid thanh chd doi clia mot kénh phuc vu Khi tram cOng nghé bi hong
hoc. khong lam viéc hoac sy chér dgi cua tram cong nghé cho dén lic
dudc phuc vu.

K, - gid thanh do cdc kénh phuc vu khong bi chiém (r&i viéc) tinh trong
mot don vi thoi gian.

Ham gid thanh wrong déi xic dinh dai luong gia thanh chuyén dung la:

R = (K, + Ky )L, + K n~ Lo+Kylw
Ly

Ham gia thanh tuong d6i R dua ra gid thanh trung binh trong mot don vi
thoi gian sdn xudt cua mot tram cong nghe.

Do trong hé thong chd khép kin. khong mot yéu cau phuc vu nao bi bo qua
nén chic chan trong mot don vi thai gian, so luong yéu cAu xudt hién cling
chinh bang s& luong yéu cdu duge phuc vu. nghia la:

ALy = HLly (2.23)
. L
hay: Lozh
T o

Tir d6 ham R cé thé rit gon lat

Kyl
R = EB*TAL\ui(Kh Ky -K)) (2.34)
“n }'1

Pai lugng Lt (K, + Ky — K;) khong phu thuoc vao m van, ta c6 thé thay thé
L

ham R tré thanh mot ham s coa m thong qua mot todn tir don gian:
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Dim) = _nKl + KL tm)

(2.35)

Tir D(m) c6 thé thiét 1ap c4c todn do xdc dinh gid thanh 16 thiéu cho dai
luong gid thanh chuyén dung tuy thuoc tham sé m i s6 tram cong nghé cd mat
trong hé thong.

Y nghia “chuyén dung™ cua dai luong gi thanh vira khao sat trén day ciling
c6 thé quan niém la mot thanh phan cia gid thanh “td chic ddng luu théng chi
Liér" trong hé thong 1y dong linh hoat. N6 chiém tir 10 dén 15% téng gid thanh
cua viéc 16 chiic dong luu thong nay.

2.7. MO HINH TOAN HOC CUA HE THONG CHO, KHEP KIN,
MOT KENH PHUC VU: “M/M/1” VA VI DU AP DUNG

2.7.1. Md hinh toan hoc

Trong hang loat 1ai Liéu, nhiéu tac gia di khdo sdt cdc mo hinh phuc vy cé
dac trung khic nhau. ( day tic gia cung cdp cho ban doc thém mo hinh M/M/1
1a do dac tinh riéng cdn quan 1am 6 hé thong nay.

Dé 1a dac tinh 1y = const trong khi t, ti€p tuc tudn theo phan bd ham miu
clia luat phan bo Poissouw, Pé don gian hod cdc phuong trinh gial tich va xac
sudt da khao sat trong mé hinh M/M/n, ta dua ra mot dai luong hé trg:

wim-1  ka
5=1+S“(m, } (2.36)
pok H(C-" -1

=LY ]

Nho dai lugng ho trg nay, cdc m6i quan hé giai tich trong mo6 hinh M/M/1
duoc don gian rat nhiéu va tap hop lai thanh mot mo hinh nhu sau:
mop

L, = (2.37
p+ Amd ( )
i Amo
Lo=n,=—L,= : (2.38)
il [+ AmS

A
-3+ &m-1)
i _ p(l—3)+ Ad(m 1)

L,=m - - =m A5 (2.39)
1+ " &m H o+ AOM
1
N I - (2.40)
I + Améd
1+ md K
Lk



2.7.2. Viduy ap dung
2.7.2.1. Xdc dinh théng s ddu vao

|. Xdc dinh ther gian T chi tié1 trung binh trén it trung tdm gia cong dé xit
v cong nghé:

Khi nghién cifu he chi tigt ¢é goéc canh prisma 250, ta duoc két qua:

- Téng thosi gian cit got kim loai trong mot ldn gd kep:

$6 dung Cu 1 2 3 4 5 6 7 8

Dao phay vao cat 04 08 1.2 1,6 2,0 2.4 28 3.2
Dao khoan vao cat 02 04 06 0.8 1.0 1,2 1.4 1,6
Téng Tes = Ty ' 08 1.2 1.8 24 3.0 36 4.2 4.8

- Ty lé giita thdi gian phy hiru ich va ihdi gian citgot T,: Ty=1:2
- Heé théng su dung 3 trung tam gia cong.

- Thoi gian luu chi i€t rén moi tram cong nghé iy = 0,72 phiit.

2. Xdc dinh thoi gian phie vi by

ts bao gém cdc thanh phan sau:

- Déng mach cho canh tay may / vuon t6i 025
- Tay may / vuon t6i (/ = 320 mm, v = 500 mm/s) 0,64 s
- Cim nam ban gd chuan palette / 0.2s
- Ngit mach vuon 18i 0.2 s
- Cdc phan tir kep nha palette / 0.2
- Thao kep palette / 02s
- Déng mach cho tay mdy 7 co lai 0.2s
- Tay may { co la 0.64 s
- Ngat mach co lui 0,25
- Déng mach quay than robot 0,25
- Quay than robot 180°/180%/s 0.1s
- Ngét mach quay 0.2s
- Péng mach tay may 2 vuon G 025
- Tay may 2 vuon 16 0,645
- Ngit mach vuon (5i (0,64 s
- Céc phan 10 kep nang lén 0.2
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- Kep ban gd chuan palette 2 025

- Béng mach cho cdnh tay miy 2 co lal 0.2s

- M& ngdn tay nha paletie 2 ddng thai
- Tay mdy 2 co lai 0645

- Ngit mach co lai 0.2s

Bét dau cit got! Téng 6.76s

Vay Ty = 0.1] phit.

3. M6 ta hé thong thinh 2.3}

% % I
N

= (®R)__J

AN Luu tri

EEEEEERARENENENENENEEEE

Hinh 2.3. Mo td hé thing

- §3 lugng cdc tram cong nghé:  m =35

- §6 kénh phyc vu: n=
- Cudng do yéu cau phuc vu: A =138
- Cudng do phuc vu: u=9,09

2,7.2.2. M6 td hé théng
Ta c6 thé ding cic phuong trinh tap hop trong mo hinh M/M/n dé mo ta
hoat déng ciia hé hong M/M/I.
1. Hé 56 bédn ron ciu kénh phuc vi
1,38x5

B, = ———— =066
1,38+ 9,09
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2. Xde sudt trang thai hé thong:

-1

To 5 (13 : 51 *

Z U 8\1 N g (L’%] - 0,399
| Gk - 5—%)119.09 ST -k 9.09

P = 5-0 138 .0,399 = 0.303
09
poo 271 18 5303 20,184
T 009
-
poo 222 138 184 = 0.083
L 0.09
523 13
p = 223 138 083 =0.025
P 0.09
-4 13
poo 4 LB 55 = 0003
L 0.09

Thirlai 3Py =0.9999.
k=0

3, Xde sudt char
P, =1 - 0.399 = 0,601
4. 86 Igng trung binh cde tram C(:’F”j;f nghé ¢ rang thdi dimg:
L,=1x0303+ 9 % 0.184 + 3 x 0,083 + 4 x 0.025 + 5.x 0,003 = 1.044
§. Chiéu dai rrung bink cia hang cher

1,38 1,38

x 1,044 - x §=0.443
9.09 9,09

Le=1+

6. So ligng tring binh cdc tram cong 1ghé lam viéc.
L,=5-1044= 3,956

7. Mitc chal tdi cua mot trgm cong nghé:

1,044
ne=1- LOB o701

3

8. S6 lugng trung binh kénh phuc v bi chiém:
L, = 1.044 - 0,443 = 0,601
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9. Mirc chdt tdi ciu mot kénh phue v
1,38

= ¥ (5 - 1,044) = 0.600
9.09x 1

Mw

10. Théi gian che irung bini.

0.443
T, = 2492 g3
1.38

Két tugn: Tir cac s6 lieu da tinh todn co thé k&t luan: “Chat lugng phuc vu”
clia hé thong may nai trén 1a 16t Du dn thi€t lap hé thong cé thé chdp nhéan

duge.
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CHUONG 3
NHAP MON ROBOT CONG NGHIEP

3.1 ROBOT CONG NGHIEP CUA NHUNG NAM 1980
3.1.1. Vai nét vé lich s phat trién

Tir nam 1921 trén san khdu mua 16i chau Au da xuat hién con 18i Robota
voi tén goi 12 “lyc si” (Force Man) do cdc nghé s1 Tiép Khéc (truée day) trinh
dién. C6 1& d6 12 ¥ tuong ban dau cho cdc nha sdng ché ky thuat vé nhiing co
cdu may mée bal chude cic thao téic lao dong co bap cua con ngudi. Cho dén
nhitng nam trudc Dai chién The gidi thi 1. viéc wién khai ving dung nhing co
cau nhu vay trong k¥ thuat trd thanh nhu cdu thuc sy, nhiam ddp wng nhiing thao
téc cin thi€t rong moi trudng phéng xa ¢ cdc vién nghién clu nang lugng
nguyén wr. Teleoperator (nhimg co cdu diéu khién tir xa) ra doi va ngay cang
phat trién. P6 1a nhimg co cau phong sinh hoc bao gom nhing khau, nhirng
khép va nhing day chang gan lién vdi hé diéu hanh la canh tay ctia ngudi thao
tdc thong qua cdc co cdu khuéch dai co khi. Teleoperator ¢6 thé cdm nam, nang
ha, dich chuyén, dao lat, budng tha cic d6i tuong trong mot khong gian hoat
dong xdc dinh. Tuy céc thao téc kKhd tinh vi khéo léo nhung t8¢ dd hoat dong
cham, luc tic dung han ché va hé diéu khién thuan tiy la co hoc. Ngay nay
Teleoperator tén tai trong tiéu chuan k¥ thuat (vi du tiéu chuan k¥ thuat JISB
0121 - 1979 ciia Nhat Ban) véi tu cdch 13 “nhém tay may diéu khi€n bang tay”
{Manuelle Manipulator).

T nhitg nam 1950, cing véi sy phdt trién clia ky thuét dicu khién theo
chuong trinh s6 voi chd dya la cic co cdu ditu phSi vé cdp (servo
mechanism) vi cdc hé dién todn (computation). ngay lap tiic cic ¥ tuong ket
hop he diéu khién NC v6i cdc co cau diéu khien xa dugc hinh thanh va trién
khai nghién ctu... Sy phoi hop tuyet v&i giita kha ning linh hoat khéo léo cta
Teleoperator véi do thong minh nhay bén cua hé diéu khién NC di dua ra k&
qua 12 mot the hé mdy mée ty dong cao cdp ra ddi vai tén goi “Ngudi may”
(Robot). Nam 1961 ngudi may cong nghiép (Industrial robot) ddu tién duge dua
ra thi trudng (Robot UNIMAT-USA) véi 10i quang céo hap dan: “Tir nay cong
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nghé ché tao co khi cua Hoa Ky di ¢6 thém mot loai cong nhan méi. N6 khong
gia nhap cong doan. khong udng ca phé trong gid nghi. N6 ¢6 thé lam viéc lién
tuc 24 gits trong ngay ma khong quan tam dén tién thuong hay luong huu. Né
nam vimg cong viéc phai lam trong vai phut vi Juon hoan thanh 16t nhi¢m vy
ducc giao. NG khong bao gits than phién vé diéu kién 1am viéc néng bic, kho
chiu. nguy hiém va déc hai, ciing khong kéu ca véi nhimg cong viéc budn chan,
té nhat don diéu. N6 1a ngudi mady cong nghiép™.

Tiép sau d6, tén ban quyén phit minh sdng ché cua MY, cic nudc Anh
(1967), Thuy Dién, Nhat Ban (1968), Piic (1971), Phdp (1972), [talia (1973) lan
luot dua ra cdc mau robot cong nghiép clia ho. Cho dén nam 1980, the gidi cong
nghiép ¢6 trén 200 cong ty v6i khoang 300 mau hinh robot cong nghiép (IR) va
trong san xuat thue t&, cho dén nam 1990 toan thé giGi da wién khai ting dung
chimg 300.000 IR, v&i gid trung binh tir 10.000 dén 250.000 USD / | don vi IR.
Bang 3.1 théng ké s6 lugng IR wrién khai trong cong nghiép ciia 7 nudc phat
trién cao (theo Team Consult Switzerland).

Bing 3.1. Tinh hinh trién khai IR ¢ cdc nudc cong nghiép phdt trién cao

S6 lugng
Nudc 1984 1987
$4 lugng (¢ may) Ty 18, %
Nhat Ban 30.000 44 106.000
My 15.000 22 30,000
CHLB Birc 6.000 9 14.900
Thuy Dién 5.000 7.5 -
Anh 2.000 3 4.300
Phap 2.000 3 £.600
Ttalia 1.500 2 6.600
Cac khu vyc khac 1.500 2 -

3.1.2. Robot va cong nghé cap cao (high. tech)

Robot vi cong nghé cdp cao 1a nhimg khai nig¢m cha san xuat tr dong hoéa
hién dai. Tir thue t€ vé chi phi san xuél néu trong vi du dudi day:
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Nam Chi phi/ 1 gi¢f lao dong

Rabot Nhan luc {nguat)
1960 gush 5 USD
1980 + 1990 6 USD 20 UDS

Cic nude cong nghiép phat trién d dua ra chién tuge dung ty dong hod
hien dai (IR + High. Tech) kéo cdc xi nghiép cong nghiep diu tu 0 nudc ngoal
(trude day vi 1y do luong cong nhan ré mat) tr vé chinh qudc (dung lac dong la
robot cong nghiép). Chang han cong ty North American Philips dd dua céc hiang
ché& tao vo tuyén truyén hinh Magnavox Sylvania. Philco tit Mexico vé Tenesse
hode dua cdc hang ché tao Camera tir Dai Loan vé Pensylvania. Vi du khac: Xi
nghiép ch& tao may diéu hda khong khi Toshiba do 4p dung 11 robot da giam
bien ché tir 29 xudng con 5 ngudi. Xi nghiép Video Cassette ciia Hitachi qua
trién khai 11 robot va 52 may tu dong Khac da lam giam thoi gian che 1ao 1 25
xudng 3 phit/chiéc va giam bien ché tir 170 xudng 33 ngudi. Chinh pht cic
nudc nay da dp dung nhiing bign phap hé wo hitu hicu nhu col robot cong
nghiép 1a mot nganh cong nghiép quan rong, xay dung nhiéu chuong 1rinh nha
nudc va ap dung nhimg ti€n bo khoa hoc vio san xudt robot; khuyén khich bang
cdch uu tién thué va dat ra nhing quy ch€ c6 loi cho ca ngudi san Xudt va ngudi
sir dung robot céng nghiép. Nho vay chi sau mét khoang thdi gian ngan,
mién ing dung IR tro nén rong 1én. da dang vdi co sd nguén tuc phat trién
la: “lyc ddy” cia cong nghé (technological push} va - “luc kéo™ cua thi trudng
(market pull).

O M§ ¢ thé dua ra vi du sau vé cdc Iinh vuc Ung dung robot {bang 3.2).

Bdng 3.2
’7 Linh vue I 1985 1990 T
Han 35% 5%
Phug vu may NC va hé théng TOLH 20% 25%
Buc 10% 5%
Lap rap 10% 35%
Phun phi 10% 5%
Son 5% 15%
Cac g dung khac 10% 10%




Tir nam 1990, robot diing trong lap rdp phdt trién manh, ¢ d¢ ting trudng
cua ching dat t§i 200% tai cdc nudc Nhat Ban, CHLB Puc va Anh. Tinh theo
dau ngudi, cit 10.000 cong nhan lap rip ¢6 221 robot (Nhat Ban) va 21 robot
(Anh) trong dé 15% ing dung trong cong nghiép dién wr, 40% trong lap rdp
may co dién va 45% trong lap rdp co khi chung.

Tir cusi nhitng nim 70 cia theé ky XX, cdc Hoi nghi Qudc t& vé gia cong
kim loai (IKM 1976 Vacsava, IKM 1978 Matcova) déu khang dinh rang, trong
nhitng nam cudi thé ky trude, luc lugng va kha nang canh tranh cta cac nudc
cong nghiép tién tién 1a tly thude vao vin dé ho da lam chu linh vuc ngudi may
cong nghiép o muc dé nao?

Vay robot cong nghiép 1a gi?

3.2. PINH NGHIA VA PHAN LOAI ROBOT CONG NGHIEP

3.2.1. Dinh nghia robot céng nghiép (IR)

Ngudi mdy cong nghiép la mot mdy tu dong linh hoat thay th€ timg phdn
hoic toan bd cdc hoat dong co bap va hoat dong tri tué cla con ngudi trong
nhiéu kha nang thich nghi khic nhau.

Vé noi dung k¥ thuat co khi v diéu khién dién ur, IR 14 su t6 hop kha ning
hoat déng linh hoat clia cdc co cau didu khién tir xa (teleoperator) v6i mic do
“tri thitc” ngay cang phong phu cla hé théng diéu khién theo chuong trinh s&
ciing nhu k¥ thuat ché tao cac ddu cam bién, ddu do phan hoi. cong nghé Iap
trinh va cdc phdt trién cuia tri khon nhan tac, hé chuyén gia v.v.

IR ¢é kha nang chuong trinh héa linh hoat trén nhiéu truc chuyén dong.
biéu thi cho s& bac tu do cua chiing, IR duge trang bi nhitng ban tay mdy hoic
cd cdu chdp hanh, giai quyét nhimg nhiém vu xdc dinh trong cdc qud trinh cong
nghé: hoac trire tiép tham gia thuc hién cdc nguyeén cong (son, han, phun phu,
rét kim loai vao khuon diic, 1ap rdp cum thiét bi hoac lap rdp médy) hoidc phuc vu
cdc qua trinh t8 chiic dong luu thong vat chat (chi tiél, dao cu, gd lap...) vdi
nhitng thao tdc cdm nam, van chuyén va trao d6i cdc déi tugng var chit véi cdc
tram cong nghé trong mot hé théng mdy tu déng linh hoat.

Trén thuc t& cé nhiéu dinh nghia vé robot cong nghiép cling tén tai. Sau
day ching ta diém qua mot s6 dinh nghia.



* Dinh nghta theo tiéu chudn AFNOR Phap

IR )4 mot co cdu chuyén déi tr dong c6 thé chuong trinh hoa, lap lai cac
chuong trinh, 16ng hgp céc chuong trinh dat ra trén cdc truc toa do: ¢6 kha nang
dinh vi, di chuyén cac doi nrgng vat chat: chi tiét. dao cu gd lap... theo nhing
hanh trinh thay déi da chuong trinh héa nham thuc hién cdc nhiem vu cong
nghé khac nhau.

# Dinh nghta theo tiéu chudn VDI 2860/BRD

IR 13 mot thiét bi cé nhiéu truc, thyc hién céc chuyén dong co thé chuong
trinh héa va ndi ghép cdc chuyén dong cia ching trong nhiing khoang cdch
tuyén tinh hay phi tuyén cia dong trinh. Ching duoc diév khién bdi cdc bo phan
hop nhét ghép két nél v6i nhau, ¢6 kha nang hoc vi nhé ciac chuong trinh:
chiing dugc trang bi dung cu hodc cac phuong tién cong nghé khac dé thuc hién
cdc nhiém vu san xual tryc ti€p va gidn 1i€p.

* Dinh nghia theo NTOCT-1980

IR la mdy « dong lién két gifa mot tay mdy via mol cum diéu khién
chuong trinh héa, thyc hién mdt chu trinh cong nghé mot cach chu dong vor su
diéu khién c6 thé thay thé nhimg chiic nang tuong ty cua con nguol.

Ban chit cua cac dinh nghia Khic nhau trén day gidp ta thay duoc mot ¥
nghia quan trong la: Riéng mot minh robot thi khong thé “lam nén mula xuan
cong nghiép”. N6 phai dugc lién hé chat ché v6i may moc. cOng cu va cdc thiét
bi cong nghé 1y dong khic trong mot heé thong tu dong tong hop. Boi vay trong
qua trinh phan tich va thi€t k€, khong thé quan niém robot nhu mot don vi cau
tric biet lap, trdi Jai dé phai la nhimg thiét k€ tong thé cua “He thong ty dong
Jinh hoat robot héa” cho phép thich dng nhanh va don gian khi nhi¢ém vy san
xuat thay déi. Theo dé cdc mau hinh robot phai dam bao cd:

- Thii phdp cdm nam, chuyén doi t5i uu.

- Trinh d6 hanh nghé khon khéo, linh hoat.

- K&t cau phai tuan theo nguyén tac modun héa.

3.2.2. Phan loai robot cong nghiép

Dé phan nhém, phan loai robot cd thé dua trén nhiing cd s¢ k¥ thuat khdc
nhau. Dudi day trinh bay mot s6 cach phan loai chu yéu.
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3.2.2.1. Phén loai theo s6 bdc tu do trong truéng céng téc

Lay hai hinh thirc chuyén dong nguyén thuy 1am chuan:

- Chuyén dong thang theo cdc huéng x. y. z trong khong gian ba chiéu
théng thudmg tao nén ahitng khdi hink ¢ gdc canh, goi 14 Prismatic, ky hiéu P.

- Chuyén dong quay quanh cic tryc x, y, z ky hiéu R (Rotation}.

Vai 3 bac tu do. robet s hoat dong trong trudng ¢ong tac védi cdc hinh khoi
tiry thuoc 16 hop P va R.

Vidu: PPP: Khoi hép (lap phuong hodc chit nhat) (cubical)
RPP : Khoi tru (cylindrical)
RRP : Khéi cau (spherical)
RRR - Khéi cau (revolute)

Hinh 3.1 trinh bay khoéng gian ctia trudng cong tac tuy thudc phuong dn 10
hgp cdc bac tr do néu trong vi du trén.

RR.R RR.P

PPP

Hinh 3.1



Linh vuc hoat dong clia robot ngay cang mé rong, LYOBE truding cong tac
cua né. robot can phai thao tdc ngay cang khéo 1éo, tinh V1. 36 bac ty do vi vay
c6 thé khong han ché néu phu bén canh mot he 102 d6 co ban (Frame original -
F,) ta con dat nhiéu hé toa do trung gian, h¢ 102 dd md rong khic (xem hinh
3.2).

Hinh 3.2. 86 bac tu do (hay 56 khd ndng chuyén dong doc lap) cvia robot
M.N - cdm nam, nha budng, XYZ, ABCDE - cac thao
tac can thigt chia canb tay va c6 tay: co dudi, nang ha,
quay lac...; UV - toa dé ma 1ong

Ban doc s& thay Khi s6 bac ty do tang lén <& kéo theo nhiéu van dé k¥ thuat
va kinh t& phai giai quyét. Vi vay viéc chon s6 bac W do va phuong 4n 16 hop dé
thi€t lap khong gian lam viéc {(trudmg cOng tac) clia robot nhdt thiét phai dam
bio tinh hop 1y va 181 uu d&i v6i tinh nang Ky thuat xac dinh cua robot. Phuc tap
vé cdu tric, tinh Vi vé thao tac nhu cdnh tay clia con ngudi cing chi té&i 27 bac
ty do ké tir khop ba vai dén céc khop dot xuong ngén tay.

Bang 3.3 dua ra mot thong ke trén 200 miu robot vé phuong dién 16 hop
bic ty do, theo d6. nhan thay phé bién 1a loai robot c6 truding cong tac 1a mot
khoi tru vé t& hop PPR (72%). SO bac W do trén 4 chiém Khong phiéu, Tat
qhién robot cang tinh vi thi gi4 tri ddu W cang nhiéu. Diéu cot yeu 1a nha cong
nghiep phai lya chon mét cach kinh (€ va thoa dang vé k¥ thuat khi quyét dinh
(rién khai mot t6 hop tuf dong robot hoa.
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Bdng 3.3. T6 hop s6 bdc tu do

e e ] _
I w | % . ¥ | -
I _ 10% -
o - - - 2%
| Tihtién/Quay | OR R | ® 3R

3.2.2.2. Phan loai theo phuong phap diéu khién
C6 hai nguyén tic diéu khién co ban:

- Diéu khién diém (point to point)

- Diéu khién qu¥ dao lién tuc (continuous path control)

Céch phan loai nay dua vao tinh chat dac trung cua quy dao diéu khién.

Vé mat k¥ thuat diéu khién, robot ciing dp dung diéu khién theo chuong
trinh s& (NC). Ban doc c6 thé d6i chigu vdi co s& phan loai diéu khién NC da
trinh bay trong nhiéu sach cla tdc gid. Ngodi ra, do nang tinh k¥ thuat dac biét
clia robot. vin dé diéu khién né thuong gan Jién véi k¥ thuat cam bién (sensor
technic). Theo d6 ¢6 thé xét dén su khac biét giita cdc nguyén tic cam bién va
nol suy, vi dus

- Cam bién dién 4p vd cip (Potentionmeter) lam viéc theo hé tuyét dsi
{Absolute)

. Cam bién quang (Optical} lam viéc theo hé tuyét déi hoac he gia so
(Absolute / Incremental)

_ Cam bién resolver (phan tinh hai pha/ phan dong mot pha) lam viéc theo
nguyén ly phan giai ki€u cam tng...).

3.2.2.3. Phén loai theo hé théng nang luong

«. Hé ndang lwong dién thuong ding cdc déng co dién mot chiéu (hé DC:
Direct Current) hodc cde déng co bicde (Stepp motor)

Piac tinh cia hé nang luong nay la hoat dong chinh xdc, tin cay, dat cong
sudt kha va c6 tinh tuyén tinh cao, dé diéu khién. He nang lugng dién ciing dam
bao dugc vé sinh moi trudng, k&t cau gon. dan truyén nang lugng don gian.
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Nhiimg yéu ciu can dat ra nhim nang cao chat lugng va hi¢u qua st dung
nang luogng dGi v6i he nay la:

_ Sir dung cac loai vat ligu it chiu anh hudng cla tir trudng wal dat.

- Tiép tuc nang cao cOng sudt va hiéu qua cong tac.

_ Xir 1y cac cum n&i ghép trong mach nguén, mach diéu khién va diéu
chinh, nang cao hon nifa do tin cay.

b. Hé nang lugng thiy lyc- k{u’ dong (Hydranlic | Pneumatic)

D6i véi he thity luc c6 thé dat 161 cong suat cao, dép tng nhimg dicu Kién
lam viéc nang, tuy nhién hé théng thity luc thudng céng kénh do ket cdu bé ddu,
van, loc, hé thong dan nguoc... Yéu ciu dat ra véi dong dau va chat liéu dau thuy
ligc rit cao, mac ddu vay vin con t6n 1ai do phi tuyén 16n kho xu 1y khi diéu khién.

He khi nén c6 két ciu gon nhe hon do khong cin dan nguoc nhung lai phai
gin lién vdi mot trung tam tao khi nén. He nay lam viec voOi cong sudt trung
binh nho, kém chinh xdc, thudng chi thich hop véi cdc robot hoat dong theo
chuong trinh dinh san v6i cdc thao tac don gian “nhic lén - dat xuéng” (pick
and place).

3.2.2.4. Phén loai theo hé théng truyén dong

a. Hé truyén déng gidn tiép {Indirect driver)

Hé théng nay sir dung cic két c&u truyén dan co khi thudng gap nhu banh
rang, day dai, bo truyén xich. Cao hon c6 thé gap bo truyén vit dai 6c bi
(leadscrew/ballscrew). Nhugc diém déng chii ¥ 1a 16n 1ai tinh phi tuyén, tinh tré
va bi mon, tao khe hd dong hoc iam cho hiéu tng tré vi phi tuyép ngay cang
nang hon. Mat khic nhimg 18n hao vé cong sudt, vé téc do da han ché hiéu Sual
chung ciia toan h¢ truyén dong.

b. Hé truyén dong tricc tiép (Direct driver)

Trong hé théng nay, cdc co cdu chap hanh dugc néi ghep truc tiép véi
ngudn dong luc, ket cau do d6 rdt gon nhe va loai bé duge nhimg han ché clia he
truyén dong gidn ti€p. '

Kh6 khan phai tiép tuc gia quyét 12 cdn thi€t k& va ché tao cic dong co o
56 vong quay thich hgp va diéu khién duge vo cdp trén mot dai rong. Rieng d6i
vi dong co budc cin ti€p c nang cao cong sudt bang cdc giai phdp khic phau
dé thich hop voi yéu cdu hoat dong cua céc co cdu chdp hanh.
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3.2.2.5. Phan loai theo d6 chinh xdc (precision)

Trong hoat dong cia robot, can thi€t phan biét do chinh xdc tuyét doi
(accuracy) va do chinh xdc lap lai (repeatibility) dé danh gida mirc do tin cay
trong mot chu ky lam viéc don le va trong mot qua trioh 1am viéc lau dai. Mat
khiac dé€ danh gid trén mot mién kich thudc hay mot pham wi chiic nang rong
hon, ngudi ta con dua ra do chinh xdc phan gia (resolution) dé nghién ciru danh
gid miic do chinh xdc trén cac mién phan giai khdc phau. Tu do trién khai hoat
dong ciia robot s& dam bao duge kha nang thich tng cao, khai thac duge hét tinh
nang k¥ thuat cua chung.

3.3. SO PO KHOI “TO CHUC KY THUAT CUA ROBOT”

Hinh 3.3 trinh bay nguyén tac 16 chic k¥ thuat cha robot dudi dang so do
khai (Block Diagrame). So dé nay gom 4 khoi l6n.

|r
| |
| Foward | Do Yol | Cartesian point |1
i kinematic | (x Yo storage 1
BLOCK A 1 |
I — [ Y lI
| Teach || lvers | *al®) Trajectory |
| pendant N kinematic Ve (1} planer ,
|
1 (]
]
| | ety oo BLOCKD
1) Record | 1 |1 || : Position BLOCK C: r ||
: button |. || |1 1 1
| i L} L Motor Robot |
: YJL i TH dynamic dynamic 1
h
I I I L I
[P R — e e — 1 |
0,(1). hs{t) | | Physical ll
: position | |
|

Hinh 3.3. Té chitc ky thudt robot

* Block A la khéi thu thap va chuyén giao dif ligu dau vao.
- Cum Teach pendant: Thuc hién cac qua trinh day hoc cho robot.

- Cum Record button: Luu trif va chuyén giao cdc dif liéu cam nhan vat 1y
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trong qud trinh hoc, goi 1a “b¢ dir lieu cam nhan vat 1y, bao gém cdc toa do dai
va toa do gbc cua vi tri déu, vi tri cud ciia mot dong trinh [(8,, ) (8. k)]

+ Blok B la khoi ndo bo cua robot, bao gém cdc cum vi xu ly, gial quyét cac
van dé saw:

- Cum Forward kinematic: Thi€t 1ap va giai cdc bai todn doéng hoc trén cd
sO bo thong s6 dau vao (9., h).

- Cum Cartesian point storage: Luu it va chuyén giao cAc két qua cia qud
trinh giai bai todn dong hoc thuan, vi du cac vi tri hinh hoc ciia dong trinh hay
con goi 1a “bo dit liéu hinh hoe™ [(X,. Yo)i (X Yol

_ Cum Trajectory planer: Lap trinh quy dao di qua cic diém hinh hoc
d3 hoac chwa “day” dé hinh thanh todn bo quy dao chuyén dong cin co
[X,(1). Y (D] clia.co cdu chdp hanh cudi (Tools).

- Cum Invers kinematic: Giai cic bai todn dong hoc nguoc, tim ra céc
thong s& diéu khién hay 1a “bo dir lieu diéu khién™ [8,(0), hy(D].

* Block C 12 kh6i diéu khién. bao gém bo so sanh cap gid tri “Can - Thuc™.
cac bo bién déi khuéch dai va phdt tin hi¢u diéu khién (theo nguyén tac dicu
khién NC).

*Block D 13 khéi cd cdu chip hanh. bao gém ngudn dong luc (motor
dynamic), cdc c¢d cdu chap hanh (robot dynamic) va cdc bo cam nhan vat ly
riéng trén ching (physical positions).

Qua phin tich mo phong 16 chitc k¥ thuat cla robot, ¢o thé nhan thdy cdc
bo thong s6 ky thuat chu yéu sau:

- Bo thong s cam nhan vat 1y;

- Bo thong s6 vi tri hinh hoc:

- Bo thong 6 diéu khién;

duge “Bién va Chuyén” lién tyc tir cum chdc nang nay sang cum chiic nang
khic théng qua cdc rang budc thé hién & cac hé¢ thong phuong trinh dong hoc
thuan nguge, déng thdi khong tdch roi quy dao chuyén dong 16ng quat trong
rrudng cong tdc cua robot,

B&i vay cong viéc giai quyél chinh yéu cua qué trinh thi€t ké dong hoc
robot cong nghiép 1a viée thiét 1ap va giai quyét hé phuong trinh dong hoc thuan
va nguoc. Két qua tim duge sé dong vai trd quan trong trong vigc giai quyét cdc
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phuong trinh dong luc hoc va nhalt la trong tinh toan diéu khién robot thiét k€.

Pé dé tiép can hon véi 16 chifc k§ thuat robot trong thye 1€, ban doc hay
diém qua vi du minh hoa sau day: “Mot robot cém mo cat quang dign cd nhiém
vu cat mot manh thép & goc phai cua mot 14m thép trinh bay trén hinh 3.4. Doan
dong trinh AB 6 toa do AlXe, Yo Bix,. yp- Toc do cilt V* = const dugc X4c dinh
tir ché do cong nghg Wi wu” ¢hinh 3.4).

AlXorYo)

B{X¥d)

Hinh 3.4. Vi du minh hou

Truong cong tic cha robot gi6i han boi:
90" < 8 < 90" : D<h<H : d=const
Cic bién s chia thanh hai nhom:
_ Nhom dir lieu hinh hoc, ¢6 thé quan sat dugc (visualy observed) bac
gom doan [X. v (X YOI
- Nhém di liéu cam nhén vat 1y (physically sensed) gom cac gid tri trong
dai [(6,, hyk: (O Bl

Ban déu, thong qua cum day hoc diéu khién bing 1ay dua co ciu chip hanh
cudi (Tools) dén céc didm A(X,. Yo) va B(Xp Yo, céc bo cam nhan vat 1y lién thu
thap va luu i cic gid tri cla nhém dit lidu tuong Uung 0, hy, O, by trén toan qu¥
dao. Bo thong s nay thong qua cac phuong rinh dong hoc thuan tres thanh bd
thong s6 hinh hoc, ngay ci cAc gla tri X, Yo Xp Yo cting duge tinh lai. Ta co heé
phuong trinh dong hoc thuan suy tir nguyén 1y ket cau (hinh 3.4b):
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x = dcost — hsind {3.1a)
y = dsinb + hcos® (3.1b)

V@i hé phuong trinh (3.1a). (3.1b) ¢6 thé tinh todn cac gid tri bang s¢ d6i
V& X,. V... Xpn ¥, VA cd céc gid tri tie thoi ién tue trén qui dao: x, (0 y,(1).

Chang han. th&i gian cét:

(X-—X”}: 1—(){'_ "n}:
T=\/‘J ;¥

g - (3.2)
v
Vai0<t <Ttacd:
Xy — Xy
x Ay = X, + T
vl = y, + Yo
A tn ,],‘
hay la thay T_ bdi (3.2} ta co
L — vV
X (1) = Xg + (X qx“) = (3.3a)
\/(xl' - X ¥ +(YI _yn]_
o= N
(Yl YIJ) -1 (3.3b)

YIT([) = YU + S N
‘J&[ _"xn]— "'(y[ _)J“]L

Nhur da phan tich, cdc gia tri caa bo dir liéu hinh hoc duge lwu trit ¢ cum
Cartesian point storage. Bay gi& hay thi¢t lap va giai hé phuong trinh dong hoc
ngucc. Ban doc dé thay dic tinh phi tuyén chi dinh ngay trong hé phuong trinh
{3.12), (3.1b} vdi mdi quan hé y = f(x) twong quan dong nhat vé bac cua phuong
trinh:

(1aY +(1b)’ = x*+y =h"+d’ (3.4)

Ciing tix (3.1a) ta ¢6: cosO = %;—1'- %sine

va tlr (3.1b) ta c&: cost = X—-d-sine
h h
h - xh
Vay suy ra: sinQ = yz Xj (3.5a)
h* +d°
cosh = X4F N (3.5b)
2, 42
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Tir hé phuong trinh (3.5a). (3.5b) suy ra:

sin@  yd-xh
[ge = = -
cos O xd + vh
. . —xh}
va do dé: 6= arctg2 J (3.6a)
L }(Cl + Vh

Clut y quan trong: Ban doc dé ¥ s6 2 trong cong thiic (3.64). xin doc la “Ac

tang hai bién” trong cédc bicu thite, vi du:

arctg? L%} 1

h
1g
actang hai bién nhdm muc dich xac I L
dinh duge géc THUC - DUY NHAT v6i
ddu coa ty thic [XJ xdc dinh, Chang 1 ol /% +45
X = >
' +1
- \ L
1 1352
arclg2( \ =-135  fmmmmTET 1 ‘

. !
trong khi arcng(ﬂ = 45", .

Hinh 3.5. Phdn biét nghiém

Cich x4c dinh nhu vay dam bao e o
bai ham arctg hai bién

nhan biét chinh xdc vé chiéu chuyén
dong cua modun khdp quay.

( day ciing ton tai mot s6 gid tri dic biét, vidu:

arcig?2 (:Ol} = —90" hoac arctg2(ﬂ1 = +90"

L0y

Tré lai rang budc quy dao (phuong trinh 3.4) 1a ¢6:

h= x? +y2 ~d’ {3.6b)

Heé phuong trinh (3.6a) va (3.6b) chinh Ja hé phuong trinh dong hoc nguoc,
tir d6 c6 thé xdc dinh dir liéu diéu khién 8,4(1). h,(t) tai bat ky thoi diém nao:

dy () — X, (YR (D + y2 O - d° |

= - - (3.6a)*
dx, (U + yd(l}Jx;(tH yi{ty—d°

8,0t} = arctg?
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hy(h) = Yx3(0+y3 -4 (3.6b)*
Tir céc phan tich trén day ¢6 thé nhan thay:
|. Cic bai todn dong hoc giai quy&t méi quan hé cua cdc thong s6 hinh hoc
phu thuoc thai gian thuc, khong tinh dén anh hudng cua luc, momen va cdc hiéu
{ing ning lugng khac. Trong do:

~ Céc phuong trinh dong hoc thuan me ta quan hé thuan, ndi tat vé hinh hoc
gifta cdc khau chip hanh clia robot.

~ Céc phuong trinh dong hoc nguge nhdm tim ra bo thong s6 diéu khién,
0,1, hy(v), tir d6 c6 duge cic toa do tuong ing X{1). y,(1) mong muon.

2. Dac tinh phi tuyén thé hién & hé phuong trinh (3.1a), (3.1b) do sy ton tai
cua modun khép quay, dat ra nhimg khia canh riéng trong diéu khién robot.
Mac di doan AB 12 doan thing nhung trong qud trinh lam viéc, khau chdp hanh
cuéi (Tools) khong chi ¢6 dich chuyén vi tri thudp iy (position) ma con phai cé
qué trinh dinh huéng (orientation) dé dam bao thuc hién nhiém vu cong nghé
mot cich chinh xdc (mo cit phai luon vuong goc vdi mat phang cat).

3. Chuong trinh diéu khién robot dugc thi€t 1ap bang nhimg ngon ngir lap
trinh riéng {Special robot programming language}). Chang han mot ciu lénh
c6 ¢ phap 12 MOVES (x, Y, X, ¥; V') ¢6 nghia la l¢nh dich chuyén mot doan
thing véi toc Ao khong déi. Giira cac diém dau va diém cudi duge 1dy diu ghi
nhan boi cum Teach pendant. Toc do V' 161 vu i rng budc cong nghé san sinh
nhimg di dong mong mudn cua robot.
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CHUONG 4

CAC PHEP BIEN DOI DONG NHAT
(Homogeneous Transformation)

Khi quan tam dén méi quan hé giita robot va vat thé, nhu da phan tich,
khong phai chi c6 van dé vi tri tuyét doi cia diém, dudng, mit hoic toan bo vat
thé 80 vdi co cdu chap hanh cudi cua robot ma con co van dé dinh hudng (hoic
khuynh huédng van dong ti€p tuc, hoac 1a hudng xdc dinh khi dinh vi tai mot vi
tri). Trong khi vat thé dugc van dong trong pham vi cia mot hé toa do tuyét doi
gin véi moi trudng tdc dong, thi robol vél cau tric lién két nhiéu khau chdp
hanh lai bao ham cdc van dong trong nhiéu hé toa 46 dong, lién quan chat ché
v&i hé toa dd co so cla nd.

P& mo ta quan he vé vi tri va hudng gia robot va vat thé, ta phai ding dén
cac phép bién doi dong nhit (Homogeneous transformation).

Chuong 4 s& cung cdp cho ban doc nhimg hiéu biét can thiét trudc khi di
vilo giai quyét cac van dé lién quan & dong luc hoc robot. G day chi xin trinh
bay nhitmg khia canh (6i thiéu, doi khi nhac lai nhimg vdn dé dé bi€t rong todn
hoc (hinh giai tich, dai s6 vectd, dai s6 ma tran...) dé gitip ban doc nhanh chéng
tiép can nhimg noi dung k¥ thuat dic trung cua robot. O nhiing nghién ctru sau
hon, xin ban doc chi dong bé khuyét nhimg kign thic Khoa hoc co ban dé
giai quyét van dé dat ra cho muc dich nghién ciu.

4.1. MOT SO KHAI NIEM VA KY HIEU

4.1.1. Cac ky hiéu biéu dién quy udc

* Vectd diém (point vector) V, X1, W... ding dé mé ta vi tri cia mot diém
trong khong gian ba chiéu.

* Mat phang (planes), ® , P, Q ... ding cdc chit cdi in hoa dé goi tén.

* He quy chi€u hay 1a hé toa do (coordinate frames) I, H ... gan véi cdc goc

¢ dinh hoac di dong, trong d6 hé cé dinh gan v6i moi trudng tic dong goi la hé
cg sd (base).
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4.1.1.1. Biéu dién diém

Trong khong gian ba chiéu, mot diém c6 thé duge biéu dién bang nhicu
vectd trong ¢ic hé quy chiéu khdc nhau: E(V): F(W) (hinh 4.1}).

Néu 1, j, k 1a vecto don vi (unit vector) clia mot hé nao d6. chang han trong E,
ta cé:

V=ai+by+ck

v@i a, b, c 1a toa dé vi tri cua diém P trong hé do.

Néu quan tam dén van dé dinh hudng. ta biéu dién vectg V trong khong
gian bon chiéu véi sudt vecto 13 mot ma tran cot:

X
y Xfw=a
V= z rong dé: { ¥/w="h
. w=¢
W < P
véi w 12 mot hiing s6 thue nao do. v
w biéu thi cho chiéu thif tur E W
ngdm dinh.
Néu w = 1 dé thay: F
X X
— = — =X=4
w 1
vy Hinh 4.1. Biéu dién mot diém
- = = = y = b . .
W 1 trong khong gian
Z. £
— = — =7Z=C
W 1

Day 1a truomg hop déng nhat ca vé vi tri va hudng, va hé toa do duge goi 12

hé déng nhat.
, s L. X 7 L I ; .
Vai w = 0 deé thay —, l, — — . (Gigi han o thé hién rd nét hudng cua
W W W

cdc truc toa do.

Néu w 13 mot hang s6 nao dé khdc 0 va 1 thi viéc biéu dién diém trong
khéng gian bdn chiéu dugc thich tng v6i he mdi ca vé mo 1a vi tri lan mo 1a
huéng [ ...]1".
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Vidu:  V=3i+4j+5k
* véi w = | (trudmg hgp déng nhat):
V=345 1}
* v@i w = —10, biéu dién tuong img s& la:
V = [-30, -40, -50, —10]"
4.1.1.2. Biéu dién mét phing

Phdn mat phang ¢6 cdc toa do xac dinh (hinh 4.2) ¢é thé bidu dién bdi mot
ma tran hang:

P=1[a, b, c.d]

-+ . ;
Né&u V biéu dién mot diem P € P, ta c6 tich vo hudng P.V = 0, vai:

X
V= Y

z

W

tacd PV=ax+by+cz+dw=0.

20
10

Thidu: P=0,0,1,d V= |

1

PV=0+0+1+d=0 suyrad=-1.

Vay: Mat phang P di qua z = | trong khéng gian ba chiéu ¢6 thé dugc biéu

dién bdi ma tran hang:
P=[0,0,1,-1]

trong khong gian bon chiéu.

Trong cich biéu dién wrén day, 1a
quy udc rang {0, 0, 0, 0] 1a mot mat
phang khong xdc dinh.

0

1a moét vectg khéng xdc dinh

o et B e

Hinh 4.2. Biéu dién mdt phing
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14 mot vecto chi huong.

i O

4.1.2. Nhic 1ai vai phép tinh vectd

Cho hai vecto:

ta ¢ tich vo hudng:

a.b=ab +ab +ab,
v tich vecto:

> >
i ]k
> i e -
axb=la, a, 4|7 (ab, — abh+ {a,b, —a,b)j+ (ab, — a,b,)k
b, b b,

4.2. CAC PHEP BIEN pOI (TRANSFORMATION)
Cho U 1a vecto diém cin bién 4si: H 1a vecto dan biéu dién bang mot ma
tran goi 1a ma trén chuyén déi,1aco: V= H.U Ia vecto diém da bién doi.
g chira diém cédn bién doi biéu dién boi Ut
phang chisa diém d bién déi biéu dién bai V. 1a co:

Goi P 1a mat phéan Q 1a mat

P.U =Q.V =0 (theo dinh nghia).

Pay 1a diéu kién luon ton tai trong cic phép bién déi. Néu goi H-

' la ma
tran dao cua ma tran chuyén déi H. c6 the suy ra cac

hé qua:
PH.H 'U=PU
Viét lai:
PH'HU=PU=QV
nhung: Hu=V
Suy ra: PH'=Q
hodc: QH=P

Céc phép bién doi thuong ¢6 bao gom:
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- Phép tinh tién: Translation viét 14 1a Trans.
- Phép quay: Rotation viét tat 1a Rot.

Day la hai phép co ban ma ta s& d¢ cap s4u hon. Ngoai ra con ¢o phép co
gidn (Stretching) hoac phép ph&i cinh (Perpective) thuéng dung trong cdc
chuong trinh bi€u dién graphic thu phéng hodc biéu dién hinh khéi, it cé y
nghia phan tich thigt k&. Khi can thiét ban doc cé thé xem thém cdc vin dé
thudc phan mém graphic trén cdc mdy vi tinh.

4.2.1. Phép bién déi tinh tién (Translation)

Gia sir can tinh ti€n mot diém hoac mot vat thé theo vecto dan:

- - >

H=ai+bj+ck

_Trudce hét ta ¢6 dinh nghia cia ma tran chuyén déi H:

1 & 0 a
H = Trans (a, b, ¢c) = 01 0b 4.1)
0 0 1 ¢
0 0 0 1
Ta lai ¢6 U 1a vecto bi€u dién di€m cén tinh tién, v6i
U=[x,vy. 2 W}T
Jic dé V 12 vecto biéu dién diém di bién déi tinh tién duoc xdc dinh bai:
1 0 0 a X X +aw Xfw+a
¢ + 0 b + bw w+ b
v=RU= 0 0 1 cf : =::;+cw =Z;:W+C
0 ¢ 0 1] |w W 1

R® rang ban chat cia phép bién doi tinh tién la phép cong vectd gilta vectd
biéu dién diém cin chuyén d6i va vecto dan,

- > > >
Vidu: U=2i+3j+2k
- > > >
H=4i-3)+7k
1 0O 0 4 2 2+4 6
0 1 0 -3 3 3-3 0
thi V= = =
g 0 1 7 2 2+ 9
0 0 0 i i 1
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va viét i v = Trans {a. b. )U (hink 4.3).

<y

Hinh 4.3. Phép bién doi tinh tién trong khong gian

4.2.2. Phép quay (Rotation)

Gia sir ta cdn quay mot diém hoac mot vit thé xung quanh truc toa do nado
d6 véi goc quay 8", ta ¢6 1an luot cdc ma tran chuyén doi nhu sau:

i 0 0 0
Rot(x. 8] = 0 cos@ —sind 8] 42
0 sinb cosb O
0 0 0 |
cosé © siné 0
- 0o ! o 0 | “s
otly. 1=} e 0 cos8 O )
0 0 0 1
cos8 -sin® O 0
sind
Rot(z. 6] = sin cosh O 0 (4.4)
0 0 1 0
0 0 0 1
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Vi du: Cho diém U biéu dién boi U = 7i + 3j + 2k quay xung quanh z
mot géc 6 = 90" (hinh 4.4 1acdk

0 -1 0 0 7 -3
. O 0 0 3 7

V = Rot[z, 90" U = =
0 0 1 0 2 2
0 0 0 ! 1 1

Néu cho V tiép tuc quay quanh y mot goe 907 1a ¢o: )
0 O 1 0 -3 2
. 0 7 7

W = Rot[y. 90" V'= b0 =
-1 0 0 0 2 3
0 0 o ! 1 I

vi c6 thé biéu dién:

W = Rot[z, 90"]. Rotfy. 90"1 U =

— e =] b2

Chii ¥: Néu doi thif tr quay ta s& duge W = W (hinh 4.5). Cu thé: Cho U

quay quanh y truéc mot gée 90", ta ¢co:

O 0 1 0O 7 2
o 1 0 0|3 3 ,

V= = = Rot[y, 90"] U
-1 0 0 O 2 -7
o o o 1111t |1

Sau d6 cho V' quay quanh z mot goéc 90", ta duoc:
0 -1 0 0]f2 -3
.11 0 0 0Of)3 2 . X

W= = = Rotly, 90"] Rot[z. 90"]U
o o 1 O}-7 -7
o 0 0 1 1 |

R6 rang:
-3
2

W' = Rotly, 90°) Rot[z, 90")U = * W
7

I
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Hinh 4.4. Phép quay Hinh 4.5. Ddo thit tu quay
W = Rotfz. 90°] Rotly, o0’ U W' = Rot[y, 90°] Rot(z, ap’1 U

4.2.3. Phép bién ddi hén hop (Combination trans. and rot.)
Cho U = 2i + 3 + 2k, hay thuc hién phép bién doi sau:
Trans (4. -3, 7} Rot[y, 00°] Rot{z, 90°JU (hinh 4.6).

Dé tién hanh, ta thay céc gid i da cho vio cong thic cla cdc ma tran
chuyén d6i tuong tng (4.1), (4.3), (4.4) va dién gid tr} biéu dién vectg can bién
déi, ta 1an luot €&

L 0 0 412y |6
V = Transi4, -3, TU = | ¥ 10 -3 3).{0°
o o 1 7120 19
o 0o o il 1
o o 1 ol el |9
weray.o01v= |0 ! o o lol_}0
40 o ol i9] |-
o o o 1l I 1
g -t o of l9
7 - Rot[z, 00 W= | 0o 0 0} |0]_}?
0 L o) |-6| |6
0 o 11 1 {

Vay:
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7. = Trans[4. =3, 7] Rot[y., 90"] Rot]z. 90"

Rot {z, 90°) Rot (y, 90°)

NN
X
| . Y

rd

z ¢ ¥.”

v/ f/’ Trans {4, -3. 7}
\};//

Cac gbc déu
tring khdp

-<*,

X
Hinh 4.6. Phép bién doi hén hop

4.3. BIEU DIEN MOT HE TOA PO (FRAMES) VA MO TA MOT
VAT THE (OBJECTS)

4.3.1. Bién ddi hé toa do va bidu dién hé toa dé bién doi

Gia sif can tinh tign gdc toa _ :r ,
do Descartes O (0, 0, 0) theo
mot vecto din H = 4i — 3j + 7k oA
(hinh 4.7), 2
OTI” :)ﬁ
X i H :
Lo .
Hinh 4.7. Phép bién déi P y
tinh tién hé toa do i i
s 4
Két qua phép bien déi la: X
L o o 4| o 4
0r=|0 1 0 3|0 |3
0 0 1 7 0 7
0 0 0 1 1 1



Nghia 1a g&c ban ddu ¢6 toa do (0. 0, 0) da chuyén d6i dén gdc mdi c6 1oa
do (4, -3. 7.

Néu chi dimg & phép bién ddi tinh tién hé toa d6 theo vecto din H, ta duoc
hé toa do mdéi:

Heé toa do Q' ¢6 gbc & toa do (4, =3, 7) trong hé toa do O. Con cic truc toa
do cha hé toa do Q' vin song song, déng hudng vdi cic truc toa do cla hé toa
46 0.

Bay gid ti&p tuc thuc hién phép bién ddi (hinh 4.8).
Rot[y, 90°] Rot{z, 90"] O'

ta s& c6 mot hé toa doé O” hoan toan khic, cu thé tai toa do (4. -3, 7) khi cho h¢

toa 46 O' quay quanh y géc 90"
b
trds thanh z
X

Ciing tai toa do (4, -3, 7), ti€p tuc cho hé toa do 0" vira quay xoay quanh vy
gdc 90" 1ai quay ti€p quanh z géc 90°.

90° ) !
, y
ta co ¥ rd thanh
X rd

Nghia 1a ta cé truc x' sau bién d6i =// y clia hé toa do O (doc =// la song
song va ciing hudng véi ... ).

Tuong tuy' =/ zvaz' =//x.

PE mo 1a hé toa dé mdi nay cé thé nhan xét ma tran o'

00 1 4
Gt 003
01 0 7
¢ 0 0 1
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S0 sénh cic vecto don vi clia O v O ta thay-:

i=(1.0.0. 1) ji‘ — (0. 1.0, 1)
0% j=(0.1,0. 1) con OV < §' =¢0.0. 1. 1)
k=(0.0.1.1) Lk"=(l.0.0.l}

Tir qud trinh phan tich bi€n doi hé toa do nhu trén, ta ¢é thé thay rd moi
fien he gilta he 10a d¢ ¢6 dinh (frame chuan - géc O déng vai tro original hay la
base) vGi cdc hé toa do trung gian di dong cing véi cdc khau chdp hanh coa
robot (hinh 4.9).

DéthayT,=T, . T,. T,.. T

Hinh 4.9. Hé toa dp chudn (base) va cde hé toa do trung gian (toa dé déng)

4.3.2. Mo ta mdt vat thé

Tén tai clia vat the tuy da dang, phong phd nhung c6 thé dya vao nhimg gid
tri dac trung ciia cdc phdn tlr d¢ miéu ta ching. Ta thudng chia hinh ddng vat thé
thanh ba nhém chinh:

- Nhém vat thé tron xoay (Rotative) - R

- Nhom vt thé cé géc canh (Prismatic) - P

- Nhém vat thé ¢6 cdu tric hén hop (Combinaticn) - K

Nhom R c6 cac gia tri déc trung 14 toa do tam va ban kinh mat cong.

Nhom P ¢é cdc gid tri dac trung 13 toa d6 cla cde diém gidi han.

Nhom K ¢6 cic gia tri ddc trumg hén hgp.
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Nhung viéc mo ta thudn tuy hinh ddng cia vat thé 1 chua du. P6i vat thu
phap hanh nghe cia robot trong khi mo t4 vat thé phai gan lién véi kha ning
quan ly va diéu hanh qui trinh van dong cua nd thong qua cic phép bién dsi
dong nhat. Ban doc c6 thé xem vi du trinh bay (hinh 4.10) dudi day dé thay 1
diéu nay.

-1.0.2.1

10,21 10,01
1,401

1.0.0.1 1,4,01

Hinh 4.10. M6 td vt thé

Cho mot vat hinh lang tru dat trong hé toa do chuin O(x. y, Z) nhir & hinh
4.10. Hay thuc hién phép bien doi:

H =Trans [4. 0, 0] Rot[y. 90"] Rot[z. 90”]

Tir vi tri coa vat thé, ta ¢6 ma tran toa do ciia 6 diém dac trung mé ta né la:

ONONORONONE)
1 1 -1
0 0 0 4 4
2 0
l 1 ] 1 1
Sau khi thuc hién céc bién déi:
- Mang vat thé tinh tién 4 don vi theo truc x (hinh 4.11)
- Cho vat thé quay quanh truc y géc 90" (hiph 4.12)
- Tiép tuc cho quay quanh truc z géc 90° (hinh 4.13) ta duge mot ma tran
toa d¢ ciia cdc diém gi6i han & vi trf da bign d6i nhu sau-
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ORONONORBIGONO!
0O 0 1 4 I | 1 1 -1
H-|l © 0 o [0 0o o o 4 4
0o 1 0 0 0 0 2 2 0 0
000 0 1| |1 I T
ONONONONG)
q 4 6 ) 4 4
1 -1 =1 1 ] -1
o0 0 0 4 4
1 .1 1 1 ]
Trén h¢ toa do, vat thé 1an luot ¢6 chuyén vi sau:
H, = Trans(4, 0, )
z
@ o 4

f% : ®

Hinh 4.11. Tinh tién vit thé



H. = Trans{4, 0. 03 Rotly, 907

<\k

Hink 4.12. Quay vt thé sau khi tinh tién

H = H, = Trans(4. 0, &) Rot[y, 90°] Rot[z. 90"}

Z
0 —»
Y3 ) y
X3
S

X

Hinh 4.13. Vat thé sau khi tinh tién va quay quanh hai truc tog do
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4.4. PHEP QUAY TONG QUAT"

Ban doc vifa nghién ciu cdc phép quay c0 ban xung quanh cic truc toa dé
x. v, z cua h¢ toa do chusn O(x. y, z). Bay gid 1a hay thuc hién phép quay quanh
mot vecto bat ky k mot goc 6 nao d6. Rang budc duy nhat 1a gdc cha vecto k
phai tring vOi goc cha mot h¢ toa xac dinh trude (hinh 4. 14).

Vi du: Gia suta co mothe € biéu dién boi:

c. ¢ ¢ G
n, O, a0
ooy Q0 0
C= :
n, O, , O o
o 0o 0 1 ¥

Hinh 4.14. Truc quay tong qudt

Khi gén hé ndy vdi mot ban tay may (hinh 4.15), bicu thi:
a ta phuong ti€p cin voi dgi tuong (approximation)
O 1a phuong cdm nam do1 tuong (Occupation)
n 12 phuong phap tuyén v6i mat (a. O) (normal)

n(C,)

Co

0(C,) alC,)

Hinh 4.15. Hé toa do trén khau chdp hanh cudi (ban tay mdy)

Bay gid ban doc hdy coi vecto bit ky k (ma ta can thuc hién phép quay
quanh né mot goc 0) la mot trong cac vectd don vi cia hé C.
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Chéng han:

k=ai+aj+ak=C(,

L.ac do: Phép quay Rot[k. 8] s& 110 thanh phép quay Rot[C, . 8"].

Néu ta c6 T mo ta trong hé géc trong d6 k la vecto bat ky, thi ta c6 X mo ta
trong hé C vai k 12 mot trong cac vectd don vi. Tir diéu kién bién doi déng nhat,
T va X ¢é lién hé:

T=0CX
hay X=C'.T
Lic dé cdc phép quay dudi day 1a dong nhat:
Rotlk, 8] = Rot[C, . 0]
hay la Rot[k. 8°]T = C . Rotfz. 8"} X = CRot(z, 0") C"'T

Vay Rot(k. 8") = C.Rot(z, 8 C"'

Rot[z. 8] 1a phép quay co ban quanh z mot géc 6" va c6 thé diing lai cong
thirc (4.4).

C™' 1a ma tran nghich déo cua C.

Theo dinh nghia:

n n 0

. 3 ;

0 0, 0, 0

\ ¥ /

n

ad i a 0

kS . £

0 0 0 1

Thay vao do ta co:

n, O, a, O cosd -sin6 O O n, n, n, O
n, O, a O sind cos0 0 O 0, 0, O, 0
n, O, a, O 0 0 I 0 a, a, a, O
0 0 0 0 0 0 i 0 1
cosd -smf@ O O n, n, n, 0
R i sinf cos® O O 0o, 0, 0, 0
oMz HC =1 o 5 | of [a a a O
0 0 0 1 0 0 0 1
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n,cos8 — O,sind n,cosd — 0,sind n,cosd — Osing 0
nsing + O.cos9 n,sind + O, cost n,sind + Q cosb
= a a a 0

b N i

0 0 0 1

Nhan ma tran vira tinh Vol

n, O, 4 0
n, O, a, 0
C=ly, 0O, & O
0 0 1
1a co:
C Rot(z.9) Cl'=

nncos@—n091n8+n0sin8+00c096+aa

n,n,cos0 — N, 0,sind + n,0, sind + 0,0, cos8 + aa,

n‘n,cose—no sinf + 1, Osm8+0 OcoeG +a,a,
0

nncose—nOsnn9+n05m0+00c058+a‘¢

n,ncosd — nOsmB+nOsm0+OOcosB+a

n,ncosd — n05m9+n05m8+00cos8+a,a‘
0

nn,cosd —n, O sind + 0,0, sin® + 0,0 cosb + a2, 0 \
nncose nOsm9+nOsm0+OOcosB+

n,n,cos6 - n051n8+n051n8+00c058+a \
0 1

Pé don gian hod cdch biéu thi ma tran, 14 ding cac moi quan hé sau:

- Tich vo hudng cua bat k¥ hang hay cot nio clia C véi bt ky hang hay cot
o khdc déu bing O (khong) vi cic vectd la tryc giao.

- Tich vo hudng clia bt k¥ hang hodc cot nao ciia C véi chinh n6 déu bang
1 va 12 vecto don vi.

. Vecto don vi z 12 vectd tich chéo hay tich vecta cua X va y. Hay la:
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a=nx0
trong dé: a, =n,0, —-n0,
a, =00, -n0,
a, =n,0, - n0,
Khi cho k tring v&i mét trong s8 vecto don vi cila C ta da chon:

k,=a,
k, =a,
k,=a,

Ta thém vio ky hiéu: Vers 6 = | — cosB (doc 1a “vécsin téta™)

Sau khi thuc hién cdc phép tinh ma tran, ta ¢6 ma tran chuyén doi ctua phép
quay t6ng quat la:

KK VersO +cos8 KK, Vers® —Ksin0 K K, Vers® + K,sin8
KK, Vers@ + Ksinb KK, Versd + cosd KK, Vers8 — K, sin0

KK, Vers@® - Ksinb KK, Vers6 + K,sinb0 K K, Vers0 + cos
0 0 0

Rot[k.08] =

- 0 O O

(4.5)

Chii ¥: T phép quay tOng qudt c6 thé suy ra cdc phép quay co ban quanh truc
toa d6. Vidu: quay quanh x: thay K, = 1, K, =0, K, =0 va Vers0 = 1 - cos0, 1a cé:

1.1.(1—cosB)+cosd 0.1.(1—cos8)0sin®  0.1.(l-cosO+0sin@ O

1.0.{1—o0s8)+0sind 0.0.(1-cosBMcos®  0.0.(1—cosO)»1sin®@ 0O
1.0.(1—co0s8) Osind 0.0.(1—cos®)+1sin@  0.0.(1—cos+cos® 0O

' 0 0 0

Rot[X, 6"] =

—

1 0 0 0
0 cos@ —sinB O
0 sin® cos6 O
0 0 0 1

Rot[X, 0] =

Ciing nhu vay khi thay K, = 0, K, = 1, K, = 0, cong thitc (4.5) s& trg vé
(4.3) va khi thay K, = G; K), =0: K, = 1, cong thiic (4.5) s& tr& vé (4.4).
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4.5. BAI TOAN NGUQC: TIM GOC QUAY, TRUC QUAY
TUONG PUGNG

Trong cdc muc 4.2 va 4.4, ban doc da nghién cifu cdc bai toan thuan, nghia
la chi dinh tryc quay, géc quay - xét cic két qua bién d6i (chuyén vi va déi
huéng) khi thuc hién cic chi dinh y.

Bay gio van dé dat ra 1a: ta da biét ket qua cia mot phép bién déi nao do,
hay tim cdc chi dinh (truc quay k nao? £6¢ quay 8 la bao nhiéu?) dé khi thuc
hién theo, ta dugc két qua dua ra.

Giad sir k€t qua cia phép bién d6i ddng nhat dua ra boi:

n, O, a0
n, O, a O
R= n, G a 0
0 0 0 1

Mot cich chic chin: R = Rot [k, 8]. Van dé 1z k xdc dinh ra sao? 6 1 goc
bao nhiéu do?

Ban doc lai bi€t Rot [k, 8] dugc dinh nglﬁa bai (4.5), vay R = (4.5). Thay
vao ta co:
n, O, a0 K.K,Vers6 + cos@ KK, Vers0 K sinf KK Vers6+K,sin® 0
n,0, a0 KK, Versd +Ksin6 KK, Versd +cosd KK,Vers0-K,sin@ 0
n,0Q, a0 KK, Vers6 -K,sin@ KK Vers8 +Ksin@ KK Versd +cosd 0
00 0 1} 0 0 0

[a—

(4.6)
Bueoc [: Xdc dinh géc quay 0
* Cong dudng chéo hai ma trin & cac vé, ta c6:

n,+0,+a,+1= Ki Versd + cos8 + Kf, Versf + cosB + Ki Verso + cos@ + 1

(1-cos8) (K + K + K2) + 3cos8 + |

1 —cosO + 3 cosd + |
2 (1 +cos®)

cos@ = % (n,+0, +a,-1) (4.7%)
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* Tinh hig¢u cdc phéan tir tvong dng cua hai ma tran, chang han:
O, —a, = 2K sinb
a —n, = 2K, sinb (4.7%%)
n, — 0, =2K,sin0

* Binh phuong hai v& cua cac phuong trinh trén réi cong lai. ta cé:

(0, -a) +(a,-n) +(n,~0) =4sin’0

Vay: sinb = ié—\/(o, —ay)2 +(a, —n.‘,J2 +(n, —O\}2 (4.7%%%)

Vai 0<0 < 180"

J(oz —a,) +(a, -n,) +(n, -0,
1g0 = - : — (4.7
n,+0, +a, -1

a

Va truc quay k duge dinh nghia bdi:

K = O, —a,
i 2516
_ 4, —n,
K= Z:Sine ’ (4.8)
¥ -0

2s5inb

n X

J
Dé y riing véi cdc cong thitc (4.8):

- Néu 6 =0"thi K,, K, K, c¢6 dang 0/ 0. Liic nay phai chudn hoa k sao cho

|kl =1.

- Néu 6 = 180" thi K,, K, K, ¢6 dang (a = 0) / 0. Luc nay k khong xéc

dinh dugc. Ta phai dung cach tinh khac cho trudng hop niy.

Cho céc phan tu tuong duong cba hai ma tran trong (4.6):

n, = K3 Vers0 + cosé
0, = Ki Verst + cos8
a, = K2 Versf + cost

tir day suy ra:
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K =+ n, —cosb _ N ’nx —cos©
' Versd 1 —cos@
O, -cost '0\, —~cosB

K,= 24— = Ty 7
’ Versd 1 -cosB
K =+ a, ~cos® _ i ’az - cos@
Verso 1-cosB

Trong khodng 90" < 6 < 180", sin® 1uén iuon 16n hon 0.
Dé nhan thdy & h¢ phuong trinh (4.7%%) lic nay K,, K,, K, luén c6 cing
dau véi vé trai.
Ta biéu dién la:
’ Sgn (...} doc 1a: cung ddu vl (...)

Chéng han:
K‘ = Sgn(o’ - av) El_‘_‘E(EE
7 V 1 -cosB

O, —cosB &

¥

K, = Sgn(a, - n,) (4.9)

1 —cos6

K! = Sgn(n\r - O‘) a_z__-_c..o_s_g
’ \/ | -cos®

He (4.9) chi xdc dinh xem trong cdc K.. K., K, thanh phin nao c6 gid tri
16n nhat. Céc‘phﬁn tit con lai nén tinh theo phﬁh tir c6 gid tri 16n nhat dé xdc
dinh k dugc thuan tién. Lac d6, dung phuong phdp cong cdc cap con lai clia cac
phén tir d6i ximg qua dudng chéo ma trdn chuyén déi (4.6).

n,+ 0, = 2K, K, Vers6 = 2K.K, {1 — cos0)
0,+a,= ZK}.KZVCISB =2KK, (1 - cos0) (4.10)
a +n, =2KK Vers6 = 2K K, (1 —cos0)

Gia sir theo hé (4.9 tacé K, la 16n nhat. Lic d6 K,. K, s& tinh theo K,

bing he s6 (4.10). Cu thé: '

ny +0,

K, =
¥ 2K (1 -cosB)
(4.11)

a.‘( + n?.
2K, (I - cos8)

K,=
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Vi du: Cho R = Rouy, 20") Rot(z, 90")._ Hay tim k. © dé R = Rot(k, 8).
Ta da biét:

0010
1000 ) u
R=|o 100! = Rot(y. 90°) Rot(z, 90%)
0001
Theo (4.7%) = cosB= -;— O+0+0-1)=- %
(4.7%%) = sinb = %J(l 0 +(1-0)2 +(1-0) = g
47 = tg8=- 3 vae=120"
Theo (4.9) = K, =K =K, =+ /0+UZ _b
’ 1+1/2 J3
Vay: Roi(y, 90°) Rot(z, 90°) = Rot(k, 120%)
Véi >_lr 4> iy
i L L
B3 B
z
1 k
Rot(y, 90°) {g
.
/ {
v 120°]
s :
/s
4 .
(-————=1———7 :
'n L I '\Rot(z. 90%)
1 0] . | o
: | t - //1/ Y=Y*r
: A
| 1J I[ /7
! I s
Z’Ez" vV | ____y/
(

R a0y Y Rot(z, 90°)

Hinh 4.16. Tim géc quay, truc quay tuong duong



4.6. BIEU DIEN PHUONG TRINH BIEN POI
(TRANSFORMATION EQUATIONS)

V@i céc phuong trinh bién d6i. mot hé toa do cd thé duge mo ta bdi hai hay
nhiéu céch. Ban doc hiy xem mot tinh hudng dugc mo ta trén hinh 4.17.

/

z T -
1 E

B

¥

Hinh 4.17

Mot tay mdy duge dinh vi trong mot heé toa do chuin Z. Diém cudi cla tay
méy dugc mo ta bdi chuyén vi 2T, va yéu 1§ téc dong cudi duge mo ta b T°E.
Mot déi tugng ciling dugc dinh vi trong he toa do chuin va dugc mo ta boi
chuyén vi B. Yéu t6 téc dong cudi cla tay mdy duge dinh vi véi d6i tuong cam
nim bdi °G. Nhu vay ta ¢6 hai cach ViEt dé mo ta vi tri cua yéu 16 tic dong cudi:
Mok céch Vi€t quan tam dén d6i tuong cAm nam va mot cach khac quan tam dén
ban thin tay may. Ca hai vi tri thuc chat chi 12 mot, cho nén ¢6 thé can bang hai
cach viét nay: '

7°T, "E = B'G (4.12)

Phuong trinh nay cé thé duoc md t4 truc ti€p boi todn d6 chuyén vi trén
hinh 4.18. Mdi nhdnh cua toan dé trinh bay mot chuyén vi va dugc dinh hudng
tir heé toa do xdc dinh chiing.
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D¢ giai phuong trinh (4.12) nham tim chuyén vi T, , nhan (4.12) vGi 7' va
E"', ta nhéan duoc:

T°=7"'BGE™ (4.13)

K&t qua nay ciing ¢6 thé nhan duge tr todn d6 chuyén vi véi viéc doc bat
d4u tir goc cta nhdnh T, doc nguge, cho dén diém dinh cba nhdnh T,. Lic d6
mot 1an nifa T, = Z'BGE™" nhur (4.13).

Gia sir vi tri clia d6i tuong B chua biét, nhung tay mdy da thyc hién chuyén
dong sao cho yéu 16 tdc dong cudi cling cla né dinh vi dugce trén d61 tugng mot
cich chinth xéc. Ta c6 thé tim chuyén vi B tir phuong trinh (4.12) bang cich
nhan né véi G, hodc tim két qua truc ti€p trén todn do chuyén vi bang cach doc
tir gc dén dinh ctia nhinh B. Ta déu c6:

B =ZTEG" (4.14)

Ban doc ciing ¢6 thé dung toin do chuyén vi dé lien két nhém céc chuyén
vi, chang han:

ZT, = BGE™ (4.15)

Hinh 4.18. Todn d6 chuyén vi Hinh 4.19. Todn dé chuyén vi
dang 1 dang 2

Todn dé trén hinh 4.18 duoc trinh bay lai & dang toan dé trén hinh 4,19 dé

tién loi hon trong khi ghép nhém cic chuyén vi néi ti€p nhau. Cac doan phan
céch thing ding dé trinh bay cdc he toa do rieng 1¢ trén mdi nhénh.
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4.7. KET LUAN CHUONG 4

Céc phép bién d6i déng nhit dé miéu ta vi ui va hudng cla cdc he toa do
trong khong gian. Néu mot hé toa do dugc gén lién v6i d6i tugng thi chinb vi tri
v huéng coa ban than d6i tuong ciling dugc mo ta mot cich dé dang. Khi mo ta
d6i tuong A trong mai quan hé vdi ddi nzong B, ban doc hily ludn nghi rang mot
chuyén vi dong nhit c6 thé dio nguoc dé mo ta doi tugng B thong qua méi quan
hé ciia né véi d6i tuong A. Diéu ndy khong nén hi€u mot cich tho thién rang
v&i mot vecto don gian ma mo ta duge chuyén dong tuong ddi clia mot d6i
tugng nay so vdi mot déi tuogng khéac.

Mot chuyén vi c6 thé 1a két qua hgp nhél cha nhiéu chuyén vi quay va tinh
ti€n k€ ti€p nhau. Tuy nhién, xin ban doc luu ¥ néu sy k€ 1i€p thuc hién theo
chiéu tri qua phai, thi kél qua quay va tinh tién dugc moé 1d trong heé toa do
hién khao sat: con néu su k€ tiép thuc hién theo chiéu phéi qua trdi, ket qua s&
mé ta trong mot hé toa do dong khac véi hé dang khao sat.
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CHUONG 5
PHUONG TRINH DONG HOC CUA ROBOT

(Kinematics equations)

5.1. DAN NHAP

Bat ky mot robot hay mot tay mdy nao clng c6 thé coi 1a mot tap hgp cic
khau (link) gan lién véi cdc khap (joint). Ta hdy dat trén mdi khau cia robot
mot hé toa do. Su dung cac phép bién déi déng nhat (Homogeneous transfor-
mations) dé mé ta vi tri tvong i va hudng giita cac hé toa do nay. Denavit da
goi bién doi dong nhat mo ta quan hé giita mot khau va mot khau k€ tiép 1la mot
ma ran A. N6i don gian hon, mot ma tran A 13 mot mo ta bién d6i dong nhat
béi phép quay va phép tinh tién tuong ddi gitta hé toa do cua Khau. A, mo ta vi
tri va huéng clia khau dau tién. A, mo fa vi tri vd hudng cia khau thit hai so
véi khau dau.

Nhu vay vi tri vi hudng cua khau thd hai so v&i hé toa do chuan (gbc =
base) duge dua ra boi ma tran:

T, = AA, (5.1)

Ciing nhu vay. A; mo ta khau thit ba so vGi khau thit hai va:

Ty = ApAA: (5.2)

Ciing theo Denavit, tich cla cdc ma tran A duge gol la ma tran T bo qua chi
<6 néu chi s6 d6 bang 0. Cho mot tay mdy 6 khau. 1 c6:

T, = A AL ALALALA, (5.3)

Mot robot 6 khau 6 the 6 6 bac ty do va ¢6 thé duge dinh vi, dinh hudng
tuy y trong truong van déng cua chung (range of motion). Ba bac tr do xdc dinh
vi tri thuan tuy va ba bac do khéc xac dinh huéng mong mudn. T, s& 12 ma
tran trinh bay ca hudng va vi tri clia tay mdy. Hinh 5.1 mo ta cac quan hé d6 voi
ban tay may. Ta hay dat goc ciia hé toa do mo ta tai tam céch déu cdc ngdn tay
(finger tips). Goc toa do nay dugc mo ta boi vecto p.

Ba vecta don vi mo ta hudng cla ban tay duge xdc dinh nhu sau:
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- Vectd z ¢6 hudng ma theo do ban tay sé tiép can dén déi tugng, nhu di
biét d6 la vecto a (approach).

- Vectd y c6 hudng ma theo dd cdc ngon tay cua ban tay nim vao nhau khi
nam bdt doi twgng, dé 1a vecto O (Occupation).

- Vectd cudi clng 13 vects phap tuyén n {(normal}.

Tir day ta c6 tich vecto:

n=0xa

n
Hinh 5.1. Cdc vecto O, a, n va p cua ban tay mdy

Chuyén vi T nhu vy s bao gém cdc phan u:

T,=| - (5.4)

Ban doc nhd lai trong chwong 4 chiing ta da nghién citu van dé dinh hudng
cho khau chap hanh cudi ciia robot thong qua phép quay mét géc 8 quanh truc k
bat ky. Phép quay tdng qudt d6 giiip ta giai quyét tinh todn dinh huéng khi gap
phai nhiing trudng hop rdt khé khan, chang han khi khau chip hanh cudi thing
hang vdi truc toa do cua hé (O, a, n).
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5.2. PHEP QUAY EULER

Trén thuc t€, viéc dinh huéng thuomg 1 két qud cua cdc phép quay xung
quanh cdc truc X, v. z. Phép quay Euler mé ta kha nang dinh hudng bang cich:

- Quay mot géc ¢ xung quanh tryc z.

- Quay ti€p mot géc © xung quanh truc y mdi, dé la y.'.

- Cu6i ciing quay mot géc w quanh truc z méi. d6 1a z” {xem hinh 5.2).

zz
A
z'z" W Ljd) y
8
vy
b 0
¢‘ >
¥
"N
X
Yy
X o X
Hinh 5.2, Phép gquay Euler Hinh 5.3. Phép quay Euler trong

hé toa do chudn

Ta biéu dién phép quay Euler boi:
Euler(¢. 6. y) = Rot(z, $)Rot(y, 6)Rot(z, y) (5.5

Trong moi trudng hop, két qua cua phép quay phu thude rit chat che vio
thy tu thue hién quay. Tuy nhién chu ¥ rang sif tiép ndi cdc phép quay d phép
quay Euler theo thit ty nguoc lai: Quay y quanh z, rdi ti€p theo 12 6 quanh y, va
cudi cung 1a ¢ quanh z, cling dua dén két qua urong duong (xem hinh 5.3),
trong d6 x,. Yy z, 1a cdc tryc cia hé toa do chuin.

Chuyén vi Euler (¢, 8, y) ¢6 thé dinh lugng bdi phép nhan cic ma tran
quay véi nhau:
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cosd O sin8 O cosy -siny O 0
0 \ 0o 0 sing ~ cosd 0 O
Euler(¢. 8. ) =RoUz. 9 | a6 g coso 0| 0 O 10
0 0 0 1 0 0 0 1
cos¢p -sing O 0 cosBcosy  —cosOsiny sing O
_ sing  cosd 0 0O siny cosy 0 0
"o o 1 01 |-sinfcosy sindsiny cos® O
0 o 0 1 0 0 o 1

cosdcosBcosy — sindsmy —cosfcosBsiny — sincosy cosdsind

0

sinpcosBcosy + cospsiny —sindcosfsiny + cos{cosy singsin® 0
—sinOcosw singsiny coso 0

0 0 0 1
(5.6)

5.3. PHEP QUAY ROLL, PITH VA YAW

Mot phép quay khac cling thuong dugc su dung, 46 12 phép quay Roll. Pith.

Yaw.

Ban doc hay mudng tugng mot con tau. Doc theo than tau 12 truc z, Roll -
lic than tau - tuong duong véi sy quay mot géc ¢ quanh truc z: Pith - s¥ bong
bénh - twong duong véi sy quay mot §0¢ 0 xung quanh truc y vi Yaw - su léch
huéng - tuong duong véi phép quay mot g6c w quanh tryc X (xem hinh 5.4).

X Z

Roll

Yaw

Ship
{__ —

// / Pitch ™y

8

Hinh 5.4. Phép quay Roll, Pith, Yaw
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Cac phép quay dp dung cho khau chip hanh cudi cua robot c6 thé xem trén
hinh 5.5.

Ta biéu dién phép quay nay thong qua:

RPY(6. 6. w) = Rot(z. $)Rouy, 0)Roux, W) (5.7
z
Roll
b
G—
W Pitch
Yaw 6

Hink 5.5. Cdc toa d6 Roll, Pith, Yaw cda tay mady

va dinh lugng céc toa do bang cach thuc hign phép nhan cac ma tran quay. Nhv
vay chuyén vi Roll, Pith, Yaw ¢6 thé biéu thi nhu sau:

cos® O sin@ O 10 0

RPY(¢. v, 0) = Rot(z. 9) .

0
i 0 0 0 cosy -siny O
—sin@ 0 <cos® O 0 siny cosy O

1

0 0 O i 0 0 0

cosp -sing O G cos® sinBsimy  sinBcosy 0

sing cosp O O 0 cosy —siny 0

|l o o 1 0 _sinB cosBsiny  cosBcosy 0

0 0 o 1 0 0 0 1
cosdpcosd cospsinfsiny-singcosy coshsindcosy+singsiny 0
sindcosb sing sinOsiny+cosdcosy sindsinBcosy—cospeosy 0
- —sin@ cosBsiny cosBcosy 0
0 C 0 0 1

(5.8)
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5.4. XAC DINH VI TRI

Sau khi x4c dinh vé& huéng, ban tay méy ¢ thé duoc dinh vi & mot toa do vi
tri bang cdch nhan ma tran chuyén hudng véi ma tran chuyén vi tinh ti€n twong
(g vdi veeto din p. Nhu vay ma tran T, & dang ddy di1 s€ la:

0 p

0
T, = | Py Ma tran hudng (5.9
0

B,
1

1 0
0 1
0 0
0 O

Tuy nhién, thudng Xuyén trong qua trinh bién d6i toa do, viéc Xac dinh toa
d¢ vi tri chia ban tay mdy dugc thyc hién trong cic hé toa do try va hé toa do cau.

5.4.1. Bién d6i toa dd theo mat tru

Trong hé toa d¢ nay, bién déi toa do bao géom chuyén vj tinh ti€n r va doc
theo truc X, Liép theo 1a phép quay mot géc o xung quanh truc z va cudi cling la
phép tinh ti€n z doc theo truc z (xem hinh 5.6).

Ta cé: Cyl(z, a, 1) = Trans(0. 0, 2} Rot(z, &) Trans(r, 0, 0)

(Cyl 1a chir 1at ca Cylindrical Coordinates).

cosaa —sine O O 1 0 0 r
Cyl(z. @, 1) = Trans(0, 0, 2) sin. cosae O O g 1 0 0
0 1 0 o ¢ 1 0
0 0 ¢ 1 O 0 0 1
1 0 0 O cosaa —sine O  r.costt
o 1 0 0 sin cosa O rsina
“lo 0 1z 0 o 1 0
0 0 0 i 0 0 0 |
Vay:
coso. —sina 0 r.cosa
Cyl(z, o 1) = singt.  cosa O r.s.inu (5.10)
0 0 | z
0 0 0 4
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Néu ta thue tuén phép nhan sau ma 1. 8
tran chuyén vi nay bdi mot ma tran <O
hudng, nhu da trinh bay & cong thic

(5.9), thi viéc dinh hudng cua ban tay
mdy s& la ma tr4n quay goc o xung z
quanh z vdi sy ton trong cac toa dod vitri

et

N&u mudn dinh hudng trong mot
hé toa do vi tri khong quay, la cho X‘( ¢
chuyén vi (5.10) quay mot géc (~a}

W 6. Nehia I Hinh 5.6. Bién doi toa do
xung quanh truc z cua no. Ng 14 la: theo mat tru

cosete —-sing O r.cost cos(-ay —sin(-xy O O
. sind cosa O rsina sin{—a) cos(-a) O O
Olizan=1 o ¢ | -z || 0 0 1 0
0 0 0 | 0 0 0 1
cosaa —sinx O r.cosa cose  sinot a 0
sino COSCL 0 r.sina —sine cosae O O
0 0 i z ' 0 0 1 ¢
O 0 0 } 0 0 0 |
Vay:
1 “0 0O r.cosx
Cylz, o, 1) = 0 1 0O rsina 5.01)
0 0o 1 7
0o 0 0 ]

Vi 1a dang cong thitc mé ta mudn dién ta phép bién déi toa do theo mat tru
(Cyl(z, o, ).

5.4.2. Bién ddi toa dé theo mat cau

Bay gi¢ ban doc s& nghien ciu phuong phap xdc dinh vecto vi tri trong hé
toa do cau. Phuong phip ndy bao gém phép tinh tién r doc theo truc 2z, ti€p theo
la phép quay géc B quanh truc y, cubi cling 14 phép quay o quanh truc z {Xem
hinh 5.7).
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Hinh 5. 7. Hé toa d¢ mdt cdu

Ta c6: Sph(a, B.1} = Rot(z, o) Rot(y. B) Trans(0. 0, r) (5.12)

Sph 1a viét tat cua Spherical Coordinates.

cosB O sinp 0 1 0 0 0
Sph{a, B. 1} = Rot(z, a} . 0 l 0 0 c 1 00
—sinf} 0  cosfp O 0 ¢ 1 r
0 0 0 1 0 0 0 1
cosae -sinoe 0 @ cosp O sinf r.sinf
_ | sine cosa O O 0 | 0 0
0 0 1 0 -sim O  cosB  r.cosP
0 0 0 1 0 0 0 1

cosacosl —sina  cosasinf  r.cosasinf
sinocosf  cosa  sinasinf r.sinasinf
—sin} . 0 cosf3 r.cosf3

0 0 0 1

Sph(at, B. 1) = (5.13)

Mot lan nifa, ta lai khong dinh hudng trong mot hé toa do quay, nhu vay ta
phai nhan (5.13) véi cdc ma tran quay Rot(y, —p) va Rol(z, —a). Hay la:

Sph{{a., 3. 1) = Rot(z. ct) Rot(y. B) Trans(0, 0, r) Rot(y. -3} Rot(z, —a} (5.14)
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Dang cudi ciing cua bign doi toa do theo mat cau la:

1 0 0

1 0 r.sinasin(
0 |1 r.cosf

0 0 !

r.cosasinil

Sph(a. B. 1) = (5.15)

= D 2

5.5. PAC TRUNG CUA MA TRAN T,

T, cé thé chi 18 boi nhiéu cich dudi dang mot phép quay va mét phép tinh
tién:

T, = [Trans].[Rot] {5.16)

Nhifag dang khic nhau clia cdc chuyén doi quay va tinh tién dugc nghién
ctru va tong hgp trong bang 5.1.

Néu ta diung dang cong thiic khong quay cia Cyl va Sph, thi ma tran tich
(5.14) s& don gian dugc cdc chuyén d6i quay véi su thay thé cot phai cua chiing
bing cot phii cua chuyén vi tinh tién.

Bdng 5.1
[Trans] Cong thife [Rot] Cang thirc
Py Py Py 0,.0, 0,3, 8,8
Rot{k, ©) {5.5)
Cyliz, o 1) (5.11) Euler(¢, 6, y) (5.6)
Sphia, B. 1) {5.15) RPY{d. 6, v) (5.8)

5.6. DPAC TRUNG CUA CAC MA TRAN A

Céc ma tran A ¢6 mat & v& phai cua phuong trinh (5.3). Mot tay mdy nhiéu
khau cau thanh tir lién két cac khau k€ ti€p nhau thong qua cdc khdp phat dong.
Mot tay mdy ¢6 n bac e do sé ¢6 n khau va n khép. Goc chuan (base) cua mol
tay may 12 khau s& 0 va khong duge coi la mot rong sdu khau. Khau / duge noi
v6i khau chudn bdi khép / va khong cd khdp ¢ dau mit coa khau cudi cing.
“Khau” chi ¢6 v nghia khi né duy tri méi quan hé c6 dinh gifra cic “khdp” cua
tay may, duge dat & moi dau miit cua khau.

Bat k¥ khau nao ciing ¢6 thé duge dac trung bdi hai kich thudc:
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- D¢ dat phdp tuyén chung: a,
- Géc gilta cic truc trong mat phing vudng géc véi a, la o, .

Mot céch phé cap, ngudi ta goi a, 12 chiéu dai va o, 14 géc xodn clia mot
khau (hinh 5.8).

Khép n Khép n+1

Hinh 5.8. Chiéu dai a, va géc xodn a, cua khdu

Ph6 bién 1a hai khau lién két véi nhau & chinh truc cia khdp (xem hinh 5.9).

Kndp n Khép n+1

kl) en enﬂ
Khdp -1 r - AL N Khau n+1
Op-1 Khau n~
el a, 3
Khau n-2 :. 0, 2, .
* T F o 7 woan

dn “Zn—1

Hinh 5.9. Thong 56 ciia khdu 6,d,a va a

M@i truc s& ¢6 hai phdp tuyén véi né, mdi phdp tuyén ding cho médi khau
(trude va sau mot khép). Vi tri tuong d6i cua hai khau lién két nhu th€ duge xéc
dinh bdi d, 12 khoang cdch gilta cic phdp tuyén do doc theo truc khépn va 9, a
goc giita cic phdp tuyén do trong mat phing phép tuyén véi tryc.

d, va 6, thuomg duge goi 1a khoang cach va géc giita cac khau.
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Theo mot trinh ty, dé mod 14 mdi wuan he giita cdc khau, 1a sé in dinh moi
hé toa do cho timg khau. Ta coi truc hét mot khdp cdu 14 mot khdp ¢6 0, bién
dsi. Géc cua hé toa do cha khau thi n dat tai diém cét cua phdp tuyén chung
giifa truc khop thirn van + 1 va truc cua khép n + 1. Trudng hop hai truc khdp
cét nhau, goc toa do s& dit ¢ chinh diém cat d6. Néu cdc truc khdp song song
véi nhau, géc toa doé dwoc chon trén truc khdp cia khau k& 1iép. Truc z coa khau
n s& dat doc theo truc khdp n + 1. Truc x duge dat doc theo phdp tuyén chung va
hudéng ta khép ndénn + 1.

Trudng hgp cdc khép cat nhau thi hudng cua truc x cé thé song song hoic
déi nguoc vai vectd tich chéo cua z,., x z, . Chi ¥ ring diéu kién nay ciing thoa
min d6i v&i truc x nim doc theo phdp tuyén chung gitta khdp n van + I
8, = 0 d6i véi khdp cau thir n khi X, va X, song song va cung hudng véi nhau.

Trong trudng hop cda khép tinh ti€n, khoang cich d, thay ddi theo hoat
dong ctia khép. Phuong clia tryc kKhdp la phuong chuyén dong cha khép. Phuong
cua truc tuy dugc xac dinh nhung trdi v&r cac khdp cau, vi tri cita né trong
khong gian lai chua xdc dinh (hinh 5.10}.

Khdp n

Hitl b 1

Hinh 5.10. Théng s6 cia khdu: 6, d va a déi véi khop
tinh tién c6 tiép xiic goc canh
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Trong truong hgp cta khdp tinh tién ¢6 ti€p xic la nhitng mat ¢ goc canh,
chiéu dai a, 1a khong ¢6 nghia va duoc coi biang 0. Géc cua hé toa do o khdp
tinh tién dat tring véi gdc cha khau k€ ti€p da x4c dinh. Truc z cua khau ¢6 géc
canh nim doc theo truc cla khop n + 1. Truc X, thi song song hoac doi ngudgc
v6i vecto tich chéo gifta truc Khdp tinh tién véi Z, . Vi khop tinh tién ta xac
dinh vi tri O khi 4, = 0.

Gée ciia khau co ban (khau 0 = base) duge dat tring hop véi goc cia khau /.
N€u mudn xic dinh nhimg hé¢ toa do khéc nhau gitta ching, thi mdi quan hé
gifta he khio sdt v he gbc ¢6 the duge mo ta b&i mot phép bién doi dong nhat
¢6 dinh. O dau cuGi tay mdy, cdc chuyén vi cudi dg va 9 x4y ra o hé toa do
thuoc khau 5. Géc cla hé toa do thude khau 6 do dé duoc chon trimg vé1 goc he¢
toa do khau 5. Néu cong cu (hodc khau tic dong cudi ) duge sir dung thi gée va
truc toa do cha.né khong trung véi he toa do cta khau 6. Ban than cong cu s€ c0
quan hé v6i khau 6 thong qua mot phép bién ddi déng nhat ¢6 dinh.

Trén cd s& cdc hé toa 4o di 4n dinh cho tat ca cc khau lién két ¢6 hg
théng, 1a c6 thé thiét 1ap mdi quan h¢ gilta cic he toa do ndi ti€p nhau (n-1). (m)
boi cac phép quay va tinh tién sau day:

- Quay quanh z,_, mot géc 0,

- Tinh tién doc theo z ., mot doan d,

- Tinh tién doc theo X -, = X, mot doan a,

- Quay quanh x, mot goc xodn o,

Céac phép bién déi dong nhdt nay la biéu hién quan hé cua hé toa do thudc
khau n so vdi hé toa do thude khau n—i. va tich cua chdng duge goi la ma
tran A:

A, = Rot(z, ©) Trans(0, 0, d) Trans(a, 0, 0) Rot(x, o) (3.17}
cosd —sind 0 O 10 0 a l 0 0 0
sin cos8 O O g ! 0 0 0 cosa -sina O
A=l g o 1 ollo o1 dl|o sine cosa O
0 0 0 1 0 0 0 | 0 0 0 1

cos®  —sinfcosa sinfQsing accso

sin@ cosBcosa  —cosBsinat asin®
A, = . (5.1%)
0 sinB cos d
| O 0 0 1
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D&i véi khdp tinh tién, ma tran A ¢6 dang:

cos  —sinBcoso sinBsina 0

A = s1nd co.secosa —cosOsine O (5.19)
0 Sinc cosat d
0 0 0 |

Dai voi mot khau di theo mot khdp quay thi d, a va « 12 hdng s0. Nhu vay
ma tran A ctia khdp quay 1a méot ham s6 ciia bién 56 9.

b6i véi mot khau di theo mot khp tinh tién thi 6, o 12 hiang s6. Ma tran A
cuia khdp tinh tién sé 1a mot ham s cna bién s6 d.

Néu cidc bién s6 duge xdc dinh thi gia tri ciia cdc ma tran A theo dé ciing
duge xdc dinh.

5.7. XAC PINH T, THEO CAC MA TRAN A,
Ban doc di biét:
Ty = A AAAAA,
rrong d6 T, duge miéu 1a trong hé toa do goc.

Néu mieu ta T, trong hé toa dé thi n-1, ta cé:

Né&u T, lai c6 lién hé véi mot hé toa do nao dé boi mot phép bién doi Z., v
néu cong cu (hay khau tic dong cudi) lai rang bude bdi phép bién dé1 E, thi vi
tri va hudng cla diém cudi ciia cong cu (tool) khao sdt & hé toa do mo ta boi X
s€ duge xdc dinh béi:
X=ZT.E

Quan hé nay dugc thé hién ¢ toin dé trén hinh 5.11.

o
¥

L 4
¥
A

\

STG

2TG

IT6

OTG

Y YYYYY

Hinh 5.11. Todn d6 chuyén vi ciia tay mdy
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Tir todn ¢6 chuyén vi o hinh 5.11, rit ra:
T,=Z 'XE™
Mat lan nita ban doc c6 thé thiy vin dé dua ra hoan toan théng nhit véi cac
két qua di thao luan ¢ muc (4.6) khi nghién citu cdc phép bién d6i déng nhat.

5.8. HE PHUONG TRINH PONG HOC CUA ROBOT STANFORD

Trén hinh 5.12 trinh bay mé hinh cua robot Stanford vdi su gan cdc hé toa
d6 cho timg khau. Pé don gian khi viét cdc phuong trinh dong hoc, ta viét gon
cho cdc ham s6 lugng gidc cia goc O nhu sau:

sinf, = §, cost, = C,
sin(0; + 0) =S, cos(8, +0) = C, 23 [4]125. 2
A Z
X il
Bo thong s6 cua cac khau (0, d, a, ‘l
ot con gol 1a bo thong s6 Denavit
Hartenberg hay goi tit 12 bo thong s6 d
cua bién doi DH) duoc 1ap thanh bang
(bang 5.2).

Hinh 5.12. Robot Stanford

Bang 5.2. Thong s6 DH cia robot Stanford

Khau Bién 5o o a d cosa sina
1 g, -90° 0 0 0 -1
2 6, 90° 0 d, 0 1
3 8, 0° 0 dq 1 0
4 9, -90° 0 0 0 -1
5 8; ap° 0 4] 0 1
6 Bs 0° 0 0 1 0
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Theo d6, cdc ma trdn A cua robot Stanford duge xé4c dinh nhu sau:

C, 0 -S 0 C, 0
WIS 0 Coo S0
"“"lo -1 0 0 "lo 1
0 0 1 0 0
I 0 0 0 C, 0

0 1 0 0 S,

A= A, =

0 0 1 d, 0 -1
0 0 0 | 0 0
C, S 0 C, ~S,
S 0 -C, 0 5. G,
A=lo 1 0o 0 A=log g
0 0 0 1 0 o

0
0
1
0

- o O O

_ o O o

Tich ciia cdc ma tran chuyén vi A d6i véi robot Stanford duge bit ddu &

khau 6 va chuyén din vé goc. Theo thit tu nay ta cé:

Ce  S6 0 0
X S C 0 0
T,=| " °° = Aq
¢ 0o 1 0
0 0 0 1
Te=AcAg= [5G -S8& -G 0
Se Cq 0 0
0 0 0 1

C4C5C6 - S4S(.

_C4C_q Sﬁ - S4Cﬁ

STH = ALALAL = GGG+ CS,  -S,CS, + C,C.
_SSCﬁ Sscﬁ
0 0

C,S,
S.Ss

- o o O
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C4C5Cﬁ = S_]_Sﬁ _C_]_Cq(‘h - S-LCFI CJS.-\ O

'L = AL ALAGA, = C_,CfﬁC +C,S, —SJC;S;; C,C, S(;S_; 2
TRt bt s 3

0 0 0 1

T, = ALAN AN, =

CoCCCmS80-5:5:C,  ~ColC,CsS+S.C+S.8:8, G0, 845,C,  Sid,
SE{CJ‘C.—.Cﬁ_S“Sﬁ}‘FCquCﬁ _S?v(c_.‘C{Sﬁ"l'S‘lCﬁ)_CquSﬁ SJC4S§_C)__C: _Ced'}‘

5,CCHCLS5, -8,C:S5.+C,C, S.Ss d,
0 0 0 i
Cudi cung:
n, Q. a_ p,
o n, O a, p
[, = ! o; . ﬁ, = A ALALALAA,
0 0 1

Cho can bang cdc phdn tir ma 1rin ta duge mot he cdc phuong trinh:
n, = G [CHC,C:Cx — .80 — $:8:Cal — S(S,C<C + C.S4)
n, = §,[CAC,CCq — 5,50 - §,5,C) ~ C(S8,C.Cq + C,S))
n, = =8,(C,C:Cy - $,5,} — C,8Cs
0, = C[-CAC,C:Cy + 5,55) + 8,8.8,] — $,(=8,CoCx + C,C.)
0, = $,1-Cy(C,CsS ~ S,Cy) + $,8:84) + C,(~S,C:C,, + C.C,)
0, = —5,(C,C:S, - 8.C.) + C,54S,
a, = C{C,C.S: + S,Co) — 5,5,
a, = S(C,C,8s + $,CJ) + C,8,S,
a, = ~$,C,S« + C,C,
p. =C,S,d, - S,d,
P, = $,8:d; + C,d,
p, = Cyd;

Theo trinh 1y tinh todn, ta thyc hién ba cot phia phai cila ma tran T, Chung
ta cin dén 10 phuong trinh siéu viét (transcendental function), 30 phép nhan va
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12 phép cong. Cot déu tién clia ma tran T, c6 thé nhan duoc nhu la két qua tich

vecto clia cot thir 2 va tha 3, vi rang:
n=0xa
Néu cho biét cdc toa do khdp thi vi tri va hudng cla ban tay mdy s& tim
duge bing cdch tinh cdc gid tri ctla cac phuong trinh xéc dinh T..

5.9. HE PHUONG TRINH PONG HOC CUA ROBOT ELBOW

Dé ciing c6 them nhimg vin dé thiét lap h¢ phuong trinh dong hoc. 1a

nghién cifu thém mot vi du. Trén hinh 5.13 trinh bay cic hé toa do gin rén

robot Elbhow.

d, = 0 vi cAc phap tuyén
déu cét nhau

2. e

Hinh 5.13a. Robot Elbow v6i cdc hé toa do

Hinh 5.13b. Robot Elbow vdi cdc hé toa ds



Bang thong s DH cia robot Elbow duoc xdc dinh nhu sau:

Bing 5.3. Thong so' DH cia robot Elbow

Khéu Bién s& o a d cosa sinc
1 8, 90° 0 0 0 1
2 0, 90° 8, 0 1 0
3 9 0° a8 0 1 0
4 0, -90° a, 0 0 -1
5 05 . a0° 0 0 0 1
6 B . 0° 0 0 1 0

Ta ciing ding céch viét gon cdc bién 56 6 dé don gian hod ma wran T
Chang han:

0,,=9,+0; va 0,1, =6,; + 8,

Céch viét nay s& ding vdi moi robot ¢6 cdc truc khép song song. Cic ma
tran A 14n lugt duge xdc dinh:

cC, 0 S O c, -5, 0 Cpa
A = s, 0 —C, 0 A= S C, 0 S
0 1 ¢ 0 0 0 1 0
0 0 0 .1 0 0 0 l
c, -S, 0 Ca; c, 0 -5, Ca,
| S C. 0 Sa| A oS 0 C, S.a,
0 0 1 0 0 -1 0 0
0 O 0 | ¢ 0 0 1
C, 0 S O C, -S 0 0
AR: SS 0 _Cq O A(‘: Sﬁ C(, 0 O
' 0 0 0 g 0 1 O
0 0 0 1 0 O 0 1
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Tir d6 ta tinh duge cac ma tran

vé goc:
G -5 0 0O
: S Ce 0 )]
T.= A=
] £ 0 0 1 O
C.‘Cﬁ 'C556 SS O
S -5 3 "C-z 0
4Tﬁ = AﬁAh = "Cﬁ il :
Sk C, 0 0
0 0 I
C4CSC5 - S4Sﬁ _C4CSS;, _ S_;C('
“Tﬁ _ A,;A_;Ah _ S4C5C(, - C4Sﬁ -SJCSSﬁ + C4Cr‘
_Sscﬁ SSS(,
v 0

CMC.'-C(- - S_us ﬁ —C_‘MCSC(\ - S_ucﬁ
S:3,C<Ce — CisSe

T, = AALAAL =

"SSC(‘

0

lTﬂ = A3A3A4_A§Aﬁ =

~8:4CsSe + C:.Cs
S.S,
0

C334C_'~Cﬁ"' Sz.usﬁ ‘Czaacscﬁ - S234C6 Cz.uss

8,1 C:sCo + CrasSe
_SSCF\
0

Va cubi cling:

el

=

-

T, =

~

o =]

=8,2CsSe+ CosaCr S2aaSs
8.5, C,
0 0
O, a I
O, a, Py
G, a, ,
0 0 0

C.S,
S5,
Cs
0

G485
S:455

0

T theo he toa o 1an lugt tir khau cudi trd

C,a,

S.a,

C,a,+ Csa,

53434 + S_-{a_‘;

1

Cyrads + Cpita + Goay

Sp1a2y + 55381 + 552,

0
l

=A |A2A3A4A5Aﬁ
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Cho can bang cédc phédn tir ma tran, ta dugc mot hé cic phuong trinh:
O, = =C[CyCeSe, + 85154 + §,5:5,
O, = =5/[C5:1,C84 + S21,84] - C,S.5,
0, = -8,,CS8 +C.,Cy
a, = C G5 + 5,C
a, = 5,C,,8: - C,C,
2, = 54,5
pi = ClGsa + Coa, + Gyl
Py = §i[Cyra, + Chaas + Saay)
P, = S;ua, + Syay + 8.4,
Viéc luong hod ba cot phia phai clia ma tran Ty, (tic 12 gidi 9 phuong trinh
néu trén) can 16i 12 ham siéu viét, 34 phép nhan va 14 phép cong. Cot diu tién
cua ma tran T, ciing duoc xac dinh bt tich chéo:

n=0xa

108



CHUONG 6
GIAlI PHUONG TRINH DONG HOC ROBOT
(Phuong trinh déng hec ngugc: Invers Kinematics Equations)

Trong chuong 3, ban doc di nghién cltu viéc thiét lap he théng phuong
trinh dong hoc clia bt cif robot nao thong qua ma tran T, ciing v&i phuong phip
gdn cdc hé toa do trén mdi khép va cdc thong 6 cua ching. Ta ciing da xét tdi
céc phirong phdp khdc phau dé mo ta vi trf, mo ta hudng cha khau chip hanh
cutsi T, nhir cdc phép quay Euler, phép quay Roll, Pitch, Yaw cling nhu céc
phép xdc dinh hé dinh vi hinh try va h¢ dinh vi cau. Trong chuong nay ta sé tién
hanh giai hé¢ phuong trinh dong hoc di thi€t 1ap & chuong 5 nhim xic dinh bo
thoéng s6 didu khién khi da biél ma tran vecto cudi Ty, K&t qua cua viéc giai he
phueng trinh dong hoc ddng vai trd hét stic quan trong trong diéu khién robot.
Thong thudng, diéu ta biét 12 cic vi tri ma ta mudn robot phai dich chuyén (i
trong mo6i quan hé véi T va diéu ta cdn 12 mdi lien hé tir toa dé nay 16i toa do khic
dé phdi hop tao ra chuyén dong ciia robot. Viéc nhan duge 1di gidi vé cdc lién
hé toa d0 13 van dé kh6 khin nhat ma ta s& thao luin ky & chuong nay. Nhiém
vu clia bai todn 12 xc dinh tep (8, 6,, ... 8, va cdc thong s6 DH khdc khi da biét
hinh thé (Configuration = Position + Orientation) clia vecta cudi T, {(End vector):

T, = f(8,, 6,, ... 8, thong s6 DH)

Ciing cdn luu y ban doc ring, bo Teach pendant 1a thi€t bi day hoc, c6
nhiem vy dit robot vao cdc diém mong mudn trong dong trinh ban dau. Trong
qud trinh hoat dong ctia robot, néu dang quy dao dudng di khong guan trong thi
ta khong can 10i giai cha Invers Kinematic equations. Bo x( Iy trung tam cua
robot chi cdn nh& vi tri cdc diém da duge day hoc trong khong gian bi€n truc 1a
di. & day ta dac biét chi § dén repeatibility 12 kha nang 13p lai cdc diém d3 day
(taught point). Vé d¢6 chinh xdc (accuracy) ctia cic diém khong day trudc cho
dén nay van chua dat duge nhu do chinh xdc 13p lai (repeatibility). N6 phu
thudc rdt manh vio qud trinh gidi Invers Kinematic Equations va do d6 ban doc
sé thay y ngEﬁa quan trong cua chuong 6 nay.
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6.1. BA DIEU KIEN THIET YEU CUA BAI TOAN
PONG HOC NGUQC

6.1.1. Dieu kién tdn tai nghiém (existence condition)

Diéu kién nﬁy nham khang dinh:

“C6 hay khong it nhat mot tép (set) cua 8, 6,. ... 8, sao cho robot ¢ hinh
thé cho truce™.

“Hinh thé” (configuration) 1a khdi niém mo ta tudng minh clia vects cudi
T, (end vector) ca vé vj tri {postion) va hudng (orientation).

6.1.2. Diéu kién duy nhat cua tép nghiém (unique condition)

Trong khi xidc dinh cdc tép nghiém, can phan biét rd hai loai nghiém:

- Nghiém todan (mathematical solution), nghiém nay thoa min cic phuong
trinh cho trude coa T,.

- Nghiém vt 1y (physical solution) 1a cdc t&p con cua nghiém todn, phu
thudc vio cac gidi han vat ly.

6.1.3. Piéu kién chen phuong phap gidi (Methode of solution)
- Phuong phdp giai tich (Analytical methode): Tim ra cdc cong thic hay

cac phuong trinh todn giai tich, biéu thi quan hé giira cdc gia tri cia khong
gian bién truc va bo théng sé DH.
- Phuong phép s6 (Numerical methode): Tim ra gia tri clia t1ép nghiém bing
k&t qua cua mot qud trinh 14p.
Ban doc dé thdy ham T thé hién hai dic tinh rd nét:
- Tinh phi tuyén (Non linear)
- Tinh lién ké&t hé (Coupled)

Tinh phi tuyén thé hién & cdc ham lugng gidc ¢6 cdu wric thich hop, c6 thé
dura ra nhilmg phuong phdp giai tong quét tng dung vao mot loat cdc robot thong
dung. O day cin nhéc lai: dé tinh 1ép 8, . ban doc phai ding cong thic arctg?
(hai bién) di dé cap 0 vi du trén hinh 3.4 chuong 3. Ngoai ra trong mot vai
trudmg hop cé thé dimg cdc cong thiic arccos hay arcsin. Diéu can luu ¥ 12 tép
nghiém 6, phai la duy nhat trong cac cung 1/4 tuong tng.
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6.2. LOI GIAI CUA PHEP BIEN pO1 EULER
(Euler Transform Soiution)

Trude hét ta hdy tim 181 gidi cho phép bién ddi Euler. Ta di biét:
Euler(¢, 8, y) =T

trong doé: Euler(¢, 8, y) = Rol(z, ¢) Rot(y, 8) Rot(z, v)

Tép nghiém mudn tim 1a cdc géc ¢, 6, yw khi biét ma tran bién d6i T. That -
vay, néu ta cé cdc gid tri s6 cia mbi mot phdn tir thude ma trdn T thi ta phai xédc
dinh dugc ¢, 8 va v thich hop.

Ta da c6 cach dién dat cua phép quay Euler thé hién & cong thite (5.6), hiy
cho v€ phai cua cong thifc nay can bing v&i ma tran chudn cia T. ta c6:

n, O, a, p,| [cosdcosBeosy—sindsiny —cospcosOsiny—sindcosy cos¢sin® 0
n, O, a, p,| |cospcosBecosy+cospsiny —sinpcosOsiny+cosdcosy  singsind O

n, O, a, p| —sinBcosys sinfsiny cos@ O
0 01 0 0 0 |
6.1)

Lén luot cho can bing cdc phén tir ma tran tuong tmg & hai vé cila (6.1). ta
¢0 cdc phuong trinh sau:

n, = cosgcosBeosy — sindsiny {6.2)
n, = singcosBcosy + cos¢siny (6.3)
n, = -sinBcoswy (6.4)
0, = —cosdcosBsiny — singcosy (6.5)
O, = —singcosBsiny + cosdcosy {6.6)
O, = singsiny (6.7)
a, = cos¢sing - (6.8)
a, = singsinf : (6.9)
a, = cosf (6.10)
Két qua Ia: , :
- T (6.10) ta cé: 0= cos__'(a.,) (6.1
-Tir(6.8) va (6.1)tac: ¢ = cos”(a/sind) (6.12)

-Tu(6.4)va(6.11)tacé:  y = cos '(-n,sinB) (6.13)
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trong d6 ding kY hiéu cos™’ thay cho arccos.
Nhung cac két qua néu trén chura dung dugce vi nhifng 1y do sau day:
4. Ran than ham arccos khong chi 12 biéu hién cho mot géc chua xdc dinh
vi vé d¢ chinh xdc né lai phy thudc vao chinh géc dé. vi du nhu:
e c0sb = cos(-0) chua dugc x4c dinh duy nhat.
. dcos® |

I = 0 : 8 xdc dinh khong chinh xdc.
dO | R0

b. Trong 151 giai d6i v61 ¢ va y (6.12) va (6.13), mot }an nita lai dung ham
arccos chia cho sin®. Véi nhimg sin® lan can O thi sy mét chinh xdc la qua
3 rang.

¢. Cac phuong trinh (6.12) va (6.13) la khong xdc dinh khi 6 = 0 hoac
6=+ 180"

Do vay ta phai than trong hon khi xdc dinh nghiém. Ta thudng ding ham
arctg hai bién véi tir s0 y vA mdu s6 X (xem hinh 6.1).

Ham s6 nidy c¢d mién chay la
-1 < 0 < n vSi cdp hat bién la y va x. XY y 4 XY
Ham nay xdc dinh ngay ca khi x hoac ~7 t
y bing O va cho két qua ding. Do
chinh xdc cua 1&i giai Ja dong nhat
trong toan mién x4c dinh. Tat nhién ta

H‘k

khong thuc hién phép chia cho sin clua
mot gée nhu trudng hop cdc cong thiic
(6.12) va (6.13). XY XY

Pé tiép can dén nhimg két qua
chinh xac, .Ia th.t{c hién thu lhua[ todn Hinh 6.1. Ham arcig hai bién s6
hoc sau: Lién ti€p nhan T v cdc ma

tran nghich déo, ta co:
Rot(z, $)'T = Rot(y. 8) Ro(z, y} (6.14)
Rot(y. 0)' Rot(z, 9) ' T = Rot(z, w) (6.15)

VE trdi cla (6.14) 13 mot ham s6 ciia ma tran T va ¢. Ta hdy thuc hién phép
nhan ma tran & vé phai cua (6.14), tim ra phing phan 1r ma tran bang 0 hoac
const. réi cho cdc phin tif ndy can bing v6i nhimg phén tir tuong Ung clia ma
tran vé trai. Cu thé. 1ir (6.14) ta ¢cO:
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cos¢p sing 0 O n, O, a, p. 1| cosBeosy —cosBsiny  sint 0

—sing cos¢ 0 0O n, O, a  p, siny cosw 0 0

0 0 i 0 n, O, a, 7p - —~sinfcosy  sinBsiny  cos® O

0 0 C 1 0 ¢ O l 0 0 0 1
(6.16)

Truée khi tinh todn v& trdi cha phuong trinh. ta dua ra cdch viét tich ma
trin o dang:
‘ fi,(ny 1,00 £, {a} f£.(p)
f”[n) f”{o} f]:(a) f]}(p}
f“(ﬂ} 111(0) f|_:{a} f;(P)

0 0 0 1
trong dé:
f,, = cos¢ x +singy (6.17)
f,, = -sing X + cosp vy {(6.18)
fii= 2 (6.19)

Va x, v. z 12 cdc phin tir cia vectd xdc dinh bdi cac dit kién f;;, f; va {;, vidu:
fi,(a) = —sing a, + cos¢ a,

Nhu vay phuong trinh (6.16) c6 thé viét thanh:

f(my £,,(0 f @) f,(p) cosBcosy —cosBsiny  sind 0
f.(m) (0 f(a) fup)| siny cosy 0 0 (6.20)
famy 500 fi(a) f:(p) -sinfcosy  sinBsiny  cosB 0O

0 0 0 1 .0 0 0 1

trong d6 f,,, f,,, f,: da duge dinh nghia & (6.17) (6.18) va (6.19).

Khi tinh todn v& phai, 1a chi ¥ ngay ring p,, p,. p, phai bang 0. Day [a mot
ngoai 1¢ vi rang phép bién d6i Euler khéng bao l;ﬁm mot chuyén vi tinh tién
nao. Suy dién thit hai 12 cdc phdn tir ctia cot 3 ciing bang 0. Cho cin bang phan
wr f,,(a) ta co:

—sind a, + cospa, = 0.

Cho ca hai v&€ cong vdi sind a, va chia cho cosd a, ta cé:

sing _ 4y

tgd = -

cosp a

X
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Va goc ¢ tim dugce trén may tinh bot ham arctg hai bién:
b = arcig2(a,, a,) (6.21)
Ta ciing ¢6 thé xif 1y phuong trinh f,(a) = O bang cdch cong hai v& vdi
—cos¢ a, rdi chia hai v€ cho —cosd a, triét tieu —a, & vé trai vi cos & v& phai, ta cd:
sing l

{ = =
8 cosh  —ay

Va goc ¢ tim dugc trong trudng hop nay la:
¢ = arctg2(—a,, —a,) 6.22)

Loi giai nay chénb lech 180" so voi 161 gial (6.31).

Nhy vay tir phuong trinh f,,(a) = 0, ta sé€ c6 mot cap nghiém cach
nhau 180"

Néu ca a, va a, bang O thi goc § khong xdc dinh duge. Dicu d6 xay ra khi
ban tay chi tﬁéng lén tren hoac xubng dudi va ca hai goc ¢ va w phil hop voi
cling mot phép quay, va ta quan niém nhu mot phép suy bién (degeneracy), tic
1a mat di 1 bac tu do Rou(z, ¢). Trong truong hgp nay ta cho 6 = 0. Vi gid tri ¢
nhan duge, moi phan cla ma tran vé trai trong phuong trinh (6.20) déu dugc
xdc dinh. So v6i ma tran v€& phai, c6 thé rdt ra:

sin@ = f, (a) = cos} a, + sind a,
Vi cosd = f;(a)=a,

Vay 6 = arctg2(cosd a, + sing a,. a,) (6.23)

Khi ca hai ham cos va sin déu duge xdc dinh nhy truong hop trén, thi goc
thudmg dugc xéc dinh duy nhat va khong c6 van dé suy bién nhu trudng hop goc
& truée day. Clung 1l phuong trinh (6.20) 1a con co:

simy = f,,(n) = —sind n, + cosd n,
cosy =f,(0) = —sing O, + cosd O,
w = arctg2(-sind n, + cosd 1, — sing O, + cosp Oy} (6.24)

Téng két lai, néu cho trudc mot phép bién d6i doéng nhat du6i dang phép
quay. ta c6 thé xdc dinh cdc géc Euler tuong Ung la:

$ = arctg2(a,. a,) vi ¢6 mot cap nghiém cdch nhau 180"
8 = arctg2(cosd a, + sing a,, a,)
y= arctg2(-sing n + cosdh n,, singp O + cos$ O,)

Dé tinh todn cin tdi 6 phép nhan, 3 phép cong va 3 ham siéu viét.
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6.3. LOI GIAI CUA PHEP BIEN POI ROLL, PITCH, YAW
(RPY Transform Solution)

Trong phép bién déi RPY($. 6. y) dugc dinh nghia boi (5.7), (5.8), ta s&
giai phuang trinh:

Rot(z. $)”'T = Rot(y, 8) Rot(x. w)

hay la:
f my f,(0 fa f,(p cosd sinBsiny  sinfcosy O
fam) £ f,a) f.(p) 0 cosy ~sinys 0
fiimy £,:00) (@) f£:(p) ) —sin@ cosOsiny  cosBeosy O
0 0 0 1 0 0 0 1
(6.25)

trong d6. nhu da biét:
1 = cosd, + sind,

f
f,, = —sind, + cosd,
fis

I1

Can bang phan tir f;,(n) = 0, ta co:
—sing n, + cosp n, =0
Nhu vay:
¢ = arctg2(n,, n,)
o =0+ 180°
Tiép tuc can béng céc phin ar ma tran tuong ng, ta ¢o:
—sinf = n,
cosO = cosd n + sind a,
Do vay:
9 = arcig2(-n, cos¢ n, + sin¢ n,) (6.27)
Ngodi ra con co:
—siny = —sing a, + cosd a,
closw = -sin¢ O, + cos$ O,
Do vay: y = arctg2(sing a, — cosd a,, - sind O, + cos¢ O,) (6.28)

Dé tinh toan can 6 phép nhén, 3 phép cong va 3 ham siéu viét.
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6.4. LOI GIAI CUA PHEP BIEN DOI TOA PO MAT CAU
(Sph. Transform Solution)
Trong k¥ thuat con cé thé img dung phép bién doi toa doé mit cdu Sph («,
B. 1) duge dinh nghia bdi (5.12) - (5.15). O day phuong trinh cén gidi 1a:
Rot(z, o) 'T = Rot(y, B) Trans(0, 0, z) (6.29)

Trong trudng hop nay ta chi ¢dn 16i cdc cot phai cia ma tran:

cosa p, +sina p, [ r sinf3
—singt py + COSA P, 0
D, = IrcosB (6.30)
] ]
Tir day ta ¢6 cac can bang sau:
—sinat p, + cosa p, =0 = a=aretg2(p,, p,) (6.31)
a=a+ 180"
va né€u r > 0 theo dinh nghia:
r.sinf} = cosa p, + sina p,
rcosf3 =p,
Suy ra:
B = arctg2(cosa p, + sina p, p,) (6.32)

Mat khédc. muén xdc dinh z ta phai nhan ca hai v¢€ clia (6.29) véi Rot(y, —3)
dé co:
Rot(y, B) ' Rot(z, &) 'T = Trans(0. 0, z) (6.33)

Cot phai clia ma tran ¢d dang:

cosP(cosa p, + sina p,) — sinf3 p, 0
-sina p, + cosa p, 10
sinP(cosa p, + sinat p,) + cosf p, Sz
l l
Va do do:
z = sinf(cosa p, + sinct p,} + cosP p, {6.34)

D¢ tinh todn can t6i 6 phép nhan, 3 phép cong va 2 ham siéu viét.

116



6.5. GIAI BAI TOAN PONG HQC NGUGC CUA ROBOT STANFORD

Pai vai robot Stanford, T, 14 tich cia 6 ma tran A trinh bay trén todn do ¢
hinh 6.2.

i

ZTG

YYYYY

1T6

Hinh 6.2. Todn dé ma trdn bién déi cia robot Stanford

T, = A\ AAAAA, (6.35)
Lién tuc nhan (6.35) v&i cdc ma trian nghich dao, ta dugce:
A]'IT(‘ = IT(S
AATIT, = T
ATAYATT, = Y
ATAVAYANT, = T
AJAYATATAN'T, = °T,

Cac phan tr ma tran & v& trdi coa phuong trinh nay 1 ham sé cia c¢ic phan
tr T, va cdc bién s& cua khdp (n—1). Trong khi d6 cac phin 1 ma tran ¢ v€ phai
hodc bdng 0. bang const hodc 1a ham s6 cha bién s6 thit n cla khdp thit 6. Tur
méi phuong trinh ma tran, cho cin bing céc phan r tuong duong ta nhan duoc
12 phuong trinh. Moi phuong trinh 12 moét phan tir cia 4 vecto n, 0, a va p. Diéu
nay ban doc dd duge biét dén trong muc 5.8.

Bay gi¢ hay tro lai phuong trinh (6.35).
* Néu nhan (6.35) véi A7' ta co:
AT, = ALAAAA, =T

VE& trai la:
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¢, S§ 00 n, O, a, P £, (0 f(a) f,.(p)
_10 0 -t 0 n, O, a By _ f.(n) £,(0) f.{a) f:(p)
-s, ¢, 0 O n, O, a, P, £ £:0) fia@) fia(p)
o 0 0 O o 0 O 1 0 0 0 1
trong do:
f,,=Cx+ 8y
f.=-12
fi,=-Sx+Cy
V¢ phai la:

!.T(\
CACCC 850558, ~CACCSetS LSS5, C,CS+S.Cs  Suds

$,(C,CCo-S:Se1+CaSCs S, (CCSHSCH-CSSn €S+ ~C,d,

§,CC+CsSe ~8,C<Sc+C.Ce $,S: d,
0 0 0 |
Céc phin tr clia ma tran v€ phai déu 12 ham s6 ciia 8,, 85, 6,. <. 6, ngoal
trir phén tir hang 3 ot 4, dé 1a:
f,{p) =d,
hodc ~S,p, + Cip, = s

Dé giai phuong trinh & dang nay ta c6 thé thay thé bdi cic ham lugng giac
sau day:

p, = r.cosd

Py = r.sing

trong d&: r= +,’pi +pf.
b= arclg[gil
Py

A

Thay thé p, vd p, vao phuong trinh —Sp, + Cp,=d,.1 co:
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d : d
sindcos@, — cossind, = 22 weio< 2+ <
r I

Hay la:
sin(¢p — 0,) = 4 vii0<d -9, <m
r

cos(¢ —B)) = +J1-(d, /0’

trong dé ddu - phil hgp voi hinh thé vai trii ciia robot va dau “+” phi hop v6i

hinh thé vai phai clia robot. Cudi cung;

Tir d6 ta cd:

8, = arctg [-—" } — arctg -
!
P+ + 1fr2 - d%

Né&u tinh duoce 8, thi vE trdi cha phuong trinh A,"T(, = T, dugc xdc dinh.

(6.36)

Cho can bing cac phdn tit hang 1, cot 4 va hang 2, ct 4, ta c6:
S,d. =C,p, +5,py
- Gy =-ps
Ta yéu cdu d, 1a dich chuyén dai ra cla khép tinh ti€n phai 16n hon 0, 1a 58
dinh luong duoc ty sO sin va cos cha 8, va tim dugc gia tr] duy nhat cua 9, la:
Cipy *SiPy (6.37)

6, = arctg
2

* Néu nhan (6.35) véi AZ'A;'ta duge:
ATAT Ts = AAAA =Ty
Khat trién phuong trinh ny ta co:
f,(n) (0 f,(a O C,CC—S,8¢ ~CiC:S—8,C, CSs 0
f(n) (0} fu(a) O 8,C.Ce+C.S, ~S,Cs8+C.C, SSs O
fam) 6400 L@ Bip) S«Ce <S4 C. d,
0 0 0 1 0 0 0 1

trong do :
fz-l = Cz(clx + Sly} - 532

f,=-5x+ C,y
.= 5,(Cx + Sy} + C.z
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Tit can bang phén ur hang 3, cot 4 ta dugc:

1ran, ta duoc:

f,(n)
fi(n)
f_u(n)

0

d:=S5,(Cyp, + 3yp,) + C.p, (6.38)
Né&u nhan (6.35) v6i ATATATA T,

*T, va lugng hod cdc phan tr ma

CC, -CS S 0
SC,  -88, -C. O
S, c. 0 0
0 o o I

Tir can bang phén tr hang 3, cot 3 ta duge mot ham s6 cta 8, do 1a f,.(a) = 0.

Hay la:

— SCHC,x + Syy) = Sz} + Cy-S;x+Ciyy=0

Phuong trinh nay ¢6 dang —sing a, + cosd a, = O nhu da giai trong 11 giai
ctia phép bién déi Euler. muc 6.2, ta nhan duoc hai nghiém:

_Slax +C|a)

8, =0,+ 180"

(6.39)

C,(Ca +Sya,)— 52,

(6.40)

Néu cdc yéu t6 tlr s6 va méu s6 cua (6.39) ti€n 161 0 thi robot roi vao tinh

trang suy bién ma ban doc da biét 0 muc 6.2.

Ta hdy kiém tra lai bang cdch cho can bing cdc phédn tir hang 1, cot 3 va

hang 2, ¢6t 3 cia phuong trinh ma tran:

AEIAI_i Te = AAAA = ZTF.

vi giai 0, thong qua moSi quan he S,S; va C,S: , ta dugc:

Véi 8 > 0 ta dugc:

ding nhu (6.39).

Via véi 0. < 0 ta duge :
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9, = 6, + 180" ding nhu (6.40).
K&t qua nay phlt hop véi hai hinh thé clia robot:
Khi S; = 0, 85 = O, robot ¢6 suy bién do ca hai tryc cla khép 4 va khdp 6
nam thing hang. O trang thdi nay chi ¢6 10ng cilia 8, va O la 6 ¥ nghia.
Néu 0, = 0 ta ¢6 thé ty do lva chon gid tri caa 6,. Gid tri xét dén thudng
duoc chi dinh trudc.
Tir vé phai cia phuong trinh: :
AEIAEIAEIAI_I Te = 4T6 = Ay
ta c6 thé cé cdc phuong trinh cha S, Cs, Sq va C, bang cdch tra xét cdc phan wr
ma tran thich hop. Khi ca hai him sin va cos duge xdc dinh, ta nhan duoc
nghiém duy nhdt clia goc & khdp twong tng. Chang han, khi can bing cdc
phin tir ma tran hang 1, ¢t 3 va hang 2, cot 3. ta c6:
Se = CICy(Cia, + S1a,) - 8,a,] + Sy{~S,a, + Ca)
C; = 5,(Cia, + Sja,) + Cya,
Tir d6 suy ra:
C,ICy(Cla, +8ya,)—S55a,1+8,(-5)a, +Cyay)

8. = arct
s T S,(Cya, +S,a,)+Cqa,

(6.41)

Cédc phueng trinh ¢6 lien quan dé€n 6, nam ¢ cot | cha phuong trinh ma
tran, d6 la vects n cia T,. Vecto nay thuong khong ¢6 ¥ nghia hitu ich trong
tinh todn. Ta thuong ding mdy tinh dé giai tich chéo cua cdc vecto O va a vi
nhudirdn=0 xa.

* Néu nhan (6.35) véi A7 AT'AT'AT'AT' Ty = ° T, = A, va luong hod cic

phan tir ma tran, ta co:

f,(n) (00 0 O C. -S 0 0
fomy f,0 0 0| S G 0 0
fan) fa@ 1 O |0 O 1 0
0 o 0 1 o 0 0 1

trong do:
fo, = C{CICLC,x + S1y) = $,z] + Sy(-8;x + Cyy)} + Ssf-Sy(Cix + §,y) - Cy7]
fo = ~SICHC X + §iy) — $2] + Co(=S;x + Cyy)
fix = S3{CUCHC X + 8y) = $2) + Sy (=Six + Cy)} + S(S:(Cx + 5,y) - Gzl
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Can béng cdc phén tir hang 1. cot 2 va hang 2, cot 2 ta nhan duoc céc gid tri
cia S, va Cg:
S¢ = —ColCICHC,0, + 8,0,) — $,0,] + S(~§,0, + C,0.)} +
+ ${[=8,(C,0, + 8,0,) + C,0,}
C, = - SICC,0, + $,0,) - $,0,) + C(-$,0, + C,0,)

S
Tir dé tinh duoc: 6, = arctg C—"’ (6.42)
6

Trong moi trudng hop khi 0, khéng xdc dinh do hinh thé robot bi suy
bi&n, mot khi chi dinh-mot gid tri cho 8, thi cdc gid tri ding cua 65 va 0, luon
duge xdc dinh boi (6.41) va (6.42).

Dé tinh todn cdn t¢i 14 ham siéu viét, 31 phép nhan va 15 phép cong.

6.6. GIAI BAI TOAN PONG HOC NGUQC CUA ROBOT ELBOW
Dé cung co thém cac phuong phédp giai bai todn dong hoc nguge, ching ta
s& ti€p tuc nghién ctru phép gidi dong hoc ngugc cha robot Elbow. Ban doc ¢6
thé xem lai muc 5.9 va luu ¥ dén cdc phuong trinh dong hoc thuén cia né.
Trudce hét ta khao sat phuong trinh:
A7'Te = ' T = AAAAA,

Khi xdc dinh cdc phdn tir ma tran cia ca hai vé ta dugc:

f ) £,000 f(a) f(p

fiin) £,00) fi(a)  fix(p)

fa(m) £:00 fi:a)  f:(p)
0 0 0 1

CriCile88  ~Coaaleli=55C CiaaSs CrraatGra+Gia,
80 CiCetCranSe  —S$CiS+Crale SiaeSs Sy +S2:+5,8,
-5, 8.5, C; 0
0 0 0 1

trong dé:
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f,,=Cx+ 5y
f.=12
fa=8x+ Cy

C,., dung thay cho cos(0, + 08, + 0,)
S, dung thay cho sin(0, + 0, + 0.)

- Chocan bang phdn tir hang 3, cot 4 ta dugc:

Sp.-Cp, =0
Py
Suy ra: 8, = arctg — (6.43)
Px
6, =0, + 180" (6.44)

Cho can bang phén tir hang 3. cot 3 1a ¢&:
C_q = S!a_‘ - Cla).

Trong trudmg hop ciia robot Elbow, ba khép ké ti€p déu song song va
khong c6 k&t qua nao nhan ducc ur phép nhan vdi nhimg ma tran nghich dao
A7'. Cho dén khau thi 4 thi phép nhan v61 ma tran nghich dao mdi co ¥ nghia.

ATATATAT T, =TT = AdA,
Khi xdc dinh cdc phén tif ma tran cla hai vé, ta dugc:

f(m)  £,(0) f,(2) f,(P)-Ciaa,~Cia-2 CLC, -GG S 0

f.-jz(n ) fd.'_’(o) f42{a} 0 = S_qCﬁ _S_q Sﬁ _C5

famy f50) f(a) £, {PI+S148, 45,2 5. ¢, 0 0O

Q 0 0 1 0 0 0 1
trong do:

£, = Cpal Cx + S1¥) + 5532
f,=-(8x-Cy)
= —SuCx+5,y) + ConZ
Can bing phan tir hang 3. cot 3 ta duge mot phuong trinh cho 6,5,
-5,.4(Cia + 3a) + Cya, =90
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a,

Suy ra: 8,,, = arctg (6.45)

C|a‘ + Sla}.

Va: 0,0 = Byqy + 180" (6.46)

0 robot Elbow. 8, diéu khién chuyén dong ~v6i 161" va 1a ¢6 thé dat 1t mot
quan h¢ ham s6 cos cng véi chuyén dong “v6i” vuong goc. Diéu nay co thé
nhan duge khi gidi cac phuong trinh do sy can bang c4c phdn tor ma tran hang 1.
cot 4 va hang 2. cot 4 cua phuong trinh ma tran:

AT To = 'Te = AAAAA

Céc phuong trinh 46 la:

Cp. +Sip, = Conatty + C,.a; + Caa, (a)
P, = Sy3584 + Snds + 52, (b)
py=Cp,+8p, - Craay (<)
Py =P, — Srady (d)

Pem (a) + (¢) va (b) + (d) ta dugc:
pi = Coaas + Giay (e)
P, = Sy:a: + S, (g)
Binh phuong hai vé va cong hai phuong trinh (e), (g) ta cé:

:2 2

Px +py —-a

2323_‘;

C.=

Trong khi c6 thé {im ra 9, . tir ham arcos, ta van nén tim mot gid tri S; va

dung ham arctg nhu thudmg 1¢:

S, =y1-C3

Vi cap nghiém véi hai ddu () phi hop véi hinh thé cia robot lic vai nang

lén va vai ha xudng:

S
8, = arctgvc—“ (6.47)

3

Pé tim S, va C,, ta giai cac phuong trinh (e), (g) cung lic:



_(Chay +a,)p) — S:8:P5

.
(C,a; +a,)" +8Sia}

2

_ (C,a, +a,)p, +8,a:p}

2 3 T 1
(Ciay +a,) + Siaz

Do miu s6 duong va bang nhau, ta ¢é duyc:
(C,a, +a,)p, —S:a:P

Ay Td, p: 3 _113‘; (6.48)
(C?a‘w +a2)px +S3a3p3'

0, = arctg

Pén day 0, duge xdc dinh bdi:

0, = By — 01— 01 (6.49)

Céc phuong trinh dimg dé tinh 64
ma tran hang 1 cot 3 va hang 2. ¢t 3 cla phuong trinh T, = AA, -

Ss = C234 (C,a_\ + S].a).-) + Sl.‘-laz
C.l = Sla‘:‘ — C,a,.

C,u(Cla  +52a)+ S8,

Suy ra: 6. = arcig S C (6.50)
&, —La,

Khi nhan phuong trinh xéc dinh T, v6i A3l taducc:
AT ATATATAT T =TT = A

V3 khai trién cac phin tif ma tran ta ¢o:

fo(n) f(® © O C, -S 0
fo(n) fo(® O O s, C 0 0
0 o 1+ o|/lo o 1 O
0 0o 0 |1 o 0 0

trong do:
£, = ClCoulCix + S,¥) + Sya42) — Su(Syx + c\y

fo= - SndCx+3y) + Ciaa?

Cho can bing cac phén tif ma tran tuong ing, ta co:
S, = — CylCans(C X + 8,¥) + Spzl + 8(Six + CY)
Ce=— 50 Cix+5y) + C,.z

duge thiét lap tir sy can bang cic phan wr
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- C[Cyuy(Cyx + 8, ¥) + 855y 2] + 34 ($;x+Cyy)

8, = arct
¢ £ Sy (Cx +8,¥)+Chyyz

(6.51)
Nghiém nay thé hién 13 ham siéu viét, 27 phép nhan va 20 phép cong.

6.7. KET LUAN CHUGNG 6

Phuong phép gidi bai todn dong hoc nguoc dua ra trong chuong nay 1a dung
cac ham luong gidc trong wy nhién. Ta da dung cdc phép bién 461 dbng nhat dé
xdc dinh cic phuong trinh dng voi cac phdn tu vuong goc, thé hién & ham sin va
cos clia gée thich hop, tir d6 1a tinh goc thong qua ham arctg hai bién. Phuong
phép nay do Pieper dua ra va duge 4p dung 6t d6i v6i nhitng robot don gian, ta
nhan duoc cdc nghiém & dang nhimg coéng thic don gian.

Trong cdc nghiém nhan duge, thudng 6 4 dang cong thitc, mbi dang cd thé
nghiém dong hoc riéng.

Dang I

—sing a, + cospa, =0

Dang niy dua ra cap nghiém sai khac nhau 180°, né trinh bay hai hinh thé
twong (g ciia robot. N&u tir s6 va mau s6 déu bang 0 ta phai xét dén cic truomg
hop suy bién, trong dé robot mat di mot bac ur do.

Dang 2:

-8p, +Cpy=4dy

Dang nay cﬁﬁg dua ra c3p nghiém sai khéc nhau 180". Mot l4n nia lai t6n
tai kha nang suy bi€n khi ur s6 va mau s6 déu bang 0. Robot & truong hop nay
thudng c6 mot Khép tinh tign va do dai tinh tién duge coi 12 16n hon 0.

Dang 3

S,d, = Cp, + S,p,
Vadang +:
~Cydz=—p,

thudng c¢6 nghiém duy nha.
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Ngoai cdc dang phé cap cdn ¢6 trudmg hop khi robot ¢é hai tay hay nhiéu
khop song song (robot Enbow), céc géc cua timg khSp phai duge tim ra bing
cdch giai dong thoi nhiéu khép trong méi quan hé tong cdc géc khdp. Cac géc
trung gian giita hai khau duge tim ra tir hdm arccos.

Tim ra cdc nghiém phi hgp vdi hinh thé ciia robot (vi tri va hudng) 13 mot
trong cac van dé khé khan nhat. Hau nhu chua ¢6 thuat toin nao ma nhd né ta
tm dugc mei nghiém. Nhung tryc gide hinh hoc yéu cdu c¢é cdc nghiém truc
ti€p. Cic phuong phdp dua ra trong chuong nay da thiét 1ap cac ham s6 truc tigp,
tuong minh va cdc nghiém sd ciia né déu biéu dién duoc.
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Os

Nhu da o, qui dao thiél k€ nhat thi€t phai di qua mot s& diém nit cho
trudc (it nhit 12 diém dau va diém cudi). Qu¥ dao thiét k& con phai dam bao cic
diéu kién lién tuc (Continuous conditions) bao gém:

_ Lién tuc vé vi tri (position)

- Lién tyc ve 1oc dd (velocity) va

- Lién tyc vé gia toc (acceleration).

K not point

Hinh 7.1. Tinh lién tuc ciia quy dao robot

Pé thiét k& quy dao, ta thudng ding phuong phdp xdp xi céc da thifc bac n
(Polinominal of n degree). Cac quy dao thuong gap la:

- Quy dao CS {Cubis Segment): tUong duong da thisc bac 3
- Quy dao LS (Linear Segment): tyong duong da thic bac 1

- Qu¥ dao LSPB (Linear Segment with Parabolic Blend): phéi hop da thic
bac 2 v6i da thirc bac L.
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bac 2

Hinh 7.2. Quy dao LSPB

ao BBPB (Bang Bang Parabolic Blend): Ja truong hop dac biét cua
at hién diém uon (hinh 7.3).

-Quy d
h thu vé 0 va xu

quy dao LSPB khi doan tuyén Un

Hinh 7.3. Quy dao BBPB Hinh 7.4. Quy dao CS
g nhiéu dang ¢0 ban khac

hé ap dun
u cua

phai phéi hop déng bo cic kha
yén dong toa do”

uéc nhiéu diém nat, & cH 1
hop
dua ra khai niém “chu

Néu cho tr
u trén mot qu¥ dac. Trong truong

nha
at dong, ta

robot trong qua trinh ho

(coordinated motions).
7.2. QUY DAO DA THUC BAC 3 (PATH WITH CUBIS SEGMENT)

bay

. dang quy dao x4p xi da thic bac 3 dugc trinh

Tai thoi diém 1, € 1S Ly

ho1:
(7.1)

X(0) = a, + bt — ) + G- ) +di(t - 1)’
Ta hay xét cdc diéu kién lién e clia quy dao.
7.2.4. Lién tuc vé vi tri

X, =X

X1i+| = Xi+1

130



7.2.2. Lién tuc vé toc dd
Tir{7.1) nhan thay. tai:

(=1, —» a,=X,= X (7.2)
L&y dao ham cta (7.1) theo 1. 1a cé:

2

X = b, + 2C.(1 — ;) + 3d;.(t - 1)

tat: =1 = b=X (7.3
lait=t,,  taco hai tham so:
Ci: 3(‘Xi+1 ~-}\-l)—[21)\i+xi_r]}.bli (?4)
Bty
g = (X, + X))o :?(X‘ + X, 1o (7.5)

ot

trong dé: 8¢, =1, — 1,

Ban doc dé thiy 5(-, (van tSe) thé hien & do déc (slipe) cua quy dao. Tinh
lién tuc cua van 16c la sy dam bao cho quy dao khong gap khic, giat cuc, gay
soc¢ trong qud trinh hoat dong cua robot.

Ban doc cling cn chd ¥ rang, khi thiét k& quy dao trong khong gian De-céc
(Cartesian space) dé didu khién duge robot. & moi diém déu phai tim duge
nghiém clia bai todn déng hoc ngugc va do d6 “ndo bo” cla robot phai thuc hién
mot khéi luong tinh todn khong 16 trong mot khoang thisi gian khong vuot qud
28 ps (micrd giay). Néu ta khong tim céch cai bién thiét k& qu¥ dao thi hau nhu
khong c6 cum dién todn nao dap ing duge nhu cdu noi trén.

Pé cai bién thiét k& quy dao, ngudi ta thudmg ding hai bién phap:

Mot 1a: dimg cdc bo nhd nap sian nhirng phuong i :nh tinh trudc cua cdc
ham s& dong hoc nguoe dién hinh.

Hai la: chon ra mot s¢ diém nit, tao them mot s& diém nut khdc, tinh ra
ham déng hgc nguoc thich hgp réi méi xay dung quy dao trong khong gian bién
truc hay la trong trudng vecto (hnk space). Po phil hgp giita hai hé toa do
Cartesian space va link space s phu thudc vao mat do cac diém chon trude trén
quy dao, mat do cang day thi do phi hop cang ¢6 chat luong.
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7.2.3. Vidu

Thiét k& quy dac CS (Path with Cubis Segment) qua hai diém x,, x, v&i
X, =0: X, =0 (xem hinh 7.5).

X{f) X(f) X(f)
A

Xr _____________________________

Quy dao
{segment)

Y

I
|
I
I
|
I
|
I
b
b
t
'
t
T
2

b

Téc 48
{velocity)

Gia tdc
{acceleration)

Hinh 7.5. Thiét ké quy dao CS

Tir cdc cong thite (7.2) dén (7.5). ta xdc dinh cdc hé s6 cia da thic bac 3 gém:

4= X,
b=0
Xx, —x,)
€= —————
(tr' _[u}h
d= (X, _Xu:}
(1 —ty)
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Do vay qu¥ dao X(1) cod dang nhu sau:

X, X} 2(x, —x,))

Xty = X, -+ ([l_ "I..):— - '(ll'_l‘“}}
(ll '_I.;}_ {"| _III)
Yiin 1oc i
. 6(x, — X, 6(X, — X, 3
X([): ‘(‘(7! '1_}‘(i| ”'[r|)_i‘-l— ‘:){[i ”[II)‘-
(1, ~t,¥ (t, — .}
Va gia toc:

ae 6(x, — X, 12(x, —x,

Xt = (X, ,—}— l x: }'(II —1,)

(t, =1,) (t, —t,r

Tir cdc phuong trinh quy dao, phuong trinh van t6¢ va phuong trinh gia e,

ta dé dang xay dung céc biéu do khao sdt dic tinh cla chuyén dong robot trén
quy dao thi€1 ké.

7.3. QUY PAO TUYEN TINH VOI CUNG O HAI DAU LA
PARABOL LSPB
(Linear Segment with Parabolic Blend)
Khi yéu cdu chuyén dong co ban cla robot trong truéng hop cong fic vai
mot van 16¢ déu dan, ta dung qu¥ dao LSPB (con dugc ky hiéu 1a 2-1-2).

Paraboi

____________________________________

1
I
|
I
1
I
I
I
I
]
1

Parabo ':

to tb t”z t1 - ‘Lb tr
Hinh 7.6. Thiét ké quy dao LSPB

Céc diéu kién lién tuc cia qu dao nay thé hién &:
X[mr =X, Xr_tI'J =X,
X=X = 0

Vi diéu kién cong nghé Ia V = const.



a. Trong doan /: (1, + i) v 0 <1<, . quydao parabol c6 dang:

X, = o+ P+t (7.6}
Vait=0 a = Xum‘: Xn (1.
Lay dao ham: -
X, =B+2n (7.8)
Véir=0 B=Xum=0
Voit=1y
vV
f = —
2,
bat — =4 T = kil
iy, 2
Vi quy dao cd dang:
. N
N = Ko+ (0<e<t) (7.10)

b. Trong doan 2: [t . (t;— ) vt St — G qu¥ dao tuyén tinh ¢G dang:

-

Tir diéu kién lién tuc vé vi tri ta c&:

k]

-+
i 2

V@i diéu kién 16n tai 0 <, < —21

hay la:
Xi=Xo
v

Vv

< Z(XI _'Xu)

pay la diéu ki¢n xic dinh xem
6 thé dimg quy dao LSPB hay khong.
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X+ Xy = Vi
2

L

at;, Xy +Xy - Vi;

LN V4 (7.1 1)

+ Vit
2 h

Hinh 7.7. Diéu kién nghiém
vt Iy vé toc do



X ) X -X 2(X; - X
Vé mat vat ly, néu t; > v-'-w;/-i va 1y £ 24X ~Xo) thi V> X

A

va ty <

Nghia 1a toc d6 phai duge chon V > 1g0 va V < 2tg0.

c. Trong doan 3: ft,—t,, t] vdi (t, — t,) €t < t, qu¥ dao parabol cé dang:

a.tf' 1 2 -
X=X, - — + atst — —-¢ {(7.12
(v i 5 f 5 3

Tir cdc ham s8 (7.10) (7.11) va (7.12) ¢6 thé xay dung quy dao tong hop
LSPB cing cdc dic tinh van toc va gia t6c trong qud trinh chuyén dong cla
robot nhur trén hinh 7.8:

X:t]l\
Xf —————————————————————— " ~
! Quy dac LSPB
V= congt E i 1. Vi tri (position)
1 1 :
" ]
0 T L : >
Ab o TR
l 1 i
i | !
II ] i 2, T6c do (veiocity)
________ 1 V=const 1 !
) ! '.
1 ! 1
i 5 ' -
° L !tb ety :Ilf t
I | | I
iy '; '. E
i ! i 3. Gia t6¢ (acceleration)
! ! |
I ! |
- ! :
0 8-t b L
IO tb :

Hinh 7.8. Ddc tinh ciia quy dao LSPB
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7.4.QUY DAO BANG BANG PARABOLIC BLEND (BBPB)

Nhu di néi, day 1a trudng hop didc biét cua quy dao LSPB khn doan uyén
tinh thu vé 0.

Ta cé von

X =X+ Y (7.13)

. X, - at?
EY e S X(1) = 2X, ~ Xy + 2a1’—-'——&]— ‘- % (7.14)
a

Dé thay quy dao t6ng hop BBPB ciing céc dac tinh van toc va gia toc trong
qué trinh chuyén dong ctia robot ahu trén hinh 7.9.

Xf T """""""""""""" T
Rt |- mm o m e ms Y :. 1. Vi tri {position)
i Quy dao BBPB |
X '. |
0 I‘ I' -
t0 tf I|I2 tf t
5(('()‘.
Vmax 2. Téc da (velocity)
0 : >
t{) IfJ'IZ tf t
Xt
i 3. Gia t6c {(acceleration)
_| tfliz I1
0 N >
] | t

Hink 7.9. Ddc tinh cia qu§ dao BBPB
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7.5. QUY PAO PICK AND PLACE OPERATION (PAPO)

Quy dao nay cua robot thude thé he “Pick and Place™ bao gom ba dong
trinh co ban “nhac - di chuyén - dar”. Theo k¥ hiéu 56 bac cla da thifc xdp Xi ta
6 thé ¢6 PAPO v&i ky hiéu 3-3-3 hodc 4-3-4.

Xt 1‘
‘ Két thuc
b e bt b e (final)

1 ISR 4510 E
! pat :
L (set-down) ':
L | !
3 IO 1 .
‘ ! (ift-offy :
Xo I| :. 'I
Khéi xudt ! '.
{initial) : ! ‘._

0 :- ' i >

{0 11 tz ti t

Hinh 7.10. Bdc tinh cia quy dao PAPO

O doan qu¥ dao (D), vat thé (d6i twong cim ndm) duge robot nhdc 1én theo
phuong vudng géc v&i mét dinh vi. Tai t =, . cdc diéu kién lién tuc thé hién o

Ko = X

Koo = Xogn = X = X =0
Tir doan quy dao (II) tro di. cdc diéu kién lién tuc bao gom:

X [t y= :\“u )

(6) =X

X; ()= X, (1)

Xplty) = Xy (8)

Xu(t ) = )\m(t )

X (1) = Xy (1)

Xy (1) = Xy (1) = 0

Xy () = X,
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7.5. QUY PAO PICK AND PLACE OPERATION (PAPO)

Quy dao nay cua robot thuoc thé hé “Pick and Place” bao gom ba dong
trinh co ban “nhdc - di chuyén - dat™. Theo ky hiéu s6 bac cita da thic xdp xi ta
c6 thé ¢6 PAPO v6i k¥ hiéu 3-5-3 hoac 4-3-4.

X(1) 4
. Ket thic
Rt Jmmm o e {final)
Ko mmmmm e S (-
! bat '
(I | {set-down) E
o L NhéC | I’
1 . (it-offy | :
X, : : {
Khéi xudt : !
(initial) | ; |
0 : i i _+
t(] [1 tz (f [

Hinh 7.10. Bdc tinh cda quy dao PAPO

G doan quy dao (1), vat thé (d6i tugng cam ndm) dugc robot nhic lén theo
phuong vuong géc vdi mat dinh vi. Tai t =, . cdc diéu kién lien tuc thé hién o:
X =X,
X = Xy = X = X, = 0
Tir doan quy dao (II) trd di. cdc diéu kién lién e bao gdm:
Xy (1) = Xy (ty)
X, (1) = X, (t,)
X, ()= X, (1)
Xy () = X, (1,)
Xy () = Xy, (1)
X, (1) = X, (1)
Xy () = X (1) = 0
Xy (1) =X,
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7.6. CHUYEN DONG TOA DO (COORDINATED MOTIONS)

Ban doc nh¢ lai vin dé da trinh bay o muc 3.3 va vi du trén hinh 3.4. Nay
ta gan hoat dong thuc 1€ ciia robot vio nhimg doan quy dao nhu sau:

Theo hinh v&. robot khéi dong & diém S(1. —3) va dua mo cit vao diém bat dau
cit A(5. 5). Poan SA c6 quy dao BBPB. Doan cit manh kim loai kéo dai tr
A(5. §) & B(6. 3) voi quy dao 1.SPB. O day ta cdn bao dam toc do cat da chon
V' = const.

)

AlXe.Yo!

Bat dau

Bix.yn

Y

Hinh 7.11. Hoat dong thuc té trén cdc quy dao khdc nhau

Cuéi cling robot két thic hoat dong ¢ diem F (2. —1) v&i doan BF theo quy
dao CS. Nhu vay chuyén dong toa do cla robot bao gdm cdc giai doan sau day:

Giai doan (I): Qu¥ dao BBPB xdc dinh X(t) va Y(U) trén doan qu¥ dao
tugng Ung.

Dé thiét k& qu§ dao c6 thé sur dung hai nguyen tac:
) Thiét ké X(U) theo quy dao BBPB réi tinh lai Y(1) theo cac rang budc
hinh hoc clia doan qu¥ dao (I). dd 13 quan hé:
X 10
R (7.15)
3
duge 1ap ra bdi duong thang di qua hai diém S(-1. 3) va AG. 5).
b) Thiét ké Y(t) theo qu¥ dao BBPB réi tinh lai X{(t) theo rang budc:
x=3v—10 (7.16)
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Can cf lua chon nguyén tac thiét k€ nao |4 phy thudc vio didu: truc nao ¢b
chuyén dong dai hon? T4t nhién truc cd chuyén dong ngin s& duge tinh lai theo
rang buoc hinh hoc.

Trong vi du cu (hé nay. truc X ¢O chuyén dong wr -1 dén 5 (tic 6 don V1
dich chuyén toa do). trong khi truc Y ¢6 dich chuyén tir 3 dén S (utc 2 don V1
dich chuyén toa do). Vay ta s& thiét k& cho X(1) theo quy dao BBPB v tinh lai
Y{(0) theo rang buoc (7. 15).

Cho trude: Xo = -1 Xy =3a == 2

s

1 X, - X
Tinh: L, = —; T

Y a
Dua theo cac cong thue (7.13) va {7.14) ta tinh duoc:
. v vei 011,732
N = .
74 69280 -1 v 1.732 <t < 3,464
vi theo do:

“1+1t 10 ¢
4 -— hay — +3
2 3 3

Y] = .
L | +23t- 0330

trong nhitng khoang xdc dinh thich hop cia t.

Tir céc phuong trinh X(0). Y1) lai ¢6 thé giai ham dong hoc nguoe dé tim ra
cic thong s& dién khién ahu 0. B (43 trinh bay & vi du 3.4).

Giai doan 11: Qu¥ dao LSPB gidi han i didm A (5, $) t61 diem B(6, -3).

(3 doan nay ta co:

X, = 3%X,=0
v, =Sy, =-3
va rang bubc gitta X. ¥ la:
v=-8x+45 (7.17)

Vé mat t6c do dich chuyén. ta thudng c6 V" chung cho ca hai true chuyén
dong. Gia su chon V =1, nghia la:

V= \Nf_L_\/? = \[}.(T[t)‘i—_;*z(l) =1



Tix rang budc (7.17) ta co: \(1) = -—8&(1} SUY T

—

|
65 -

1= v +!: ’ y- =1
\{ +\—8; “Vea ”

(a lay:

{E = —0.992

VO = =y
: V64
Dé thay ddu “am” clia van 16¢ V(1) 1a phit hop v6i do ddc vir trdi qua phai
cua doan qu¥ dao L1
Vi) =a, =12

Vi trén tfuc y <0 doan dich chuyén dai hon (8 don vi toa do), ta tinh L.SPB

cho Y(1) trude rdi tinh X(t) theo rang buoc (7.17).
10}, (7.11) va (7.12) ta tinh dugc:

Ngoai ra ¢on cho

Sir dung cac cong thue (7.
5 _ (1 — 3.464) v6i 3464 <1< 3.96
Y(©) =9 5.25-0992.(1— 3464) vai 3.96 <1 < 11.5
70201 — 17.122.(1 - 3.464) + (1 - 3.464)° vai 11.5 <1< 12,025

Pén day ban doc ¢o thé tinh X(1) theo rang bude (7.17) va wr giai bai toan

ham dong hoc nguac dé tim bo thong s6 diéu khién 6. h.
Giai doan III: Quy dao CS gidi han 1 diém B (6. —3) 161 diém F(2, -1).

() doan nay ta co:

X, = 6y, = -3
X, =2y =1
vA rang budc giffa x vay la:
x = -2y (7.18)
}i(t} =a, =12

ta ciing cho:
Vi trén truc x. doan dich chuyén 1a 4 don vi toa do, dai hon doan dich
chuyén trén y, ta tinh qu dao CS cho X{1) trude,

Theo cac cong thic tir (7.1) dén (7.5} 1a xdc dinh dugc:

X(t) = 6 - (1~ 12,0257 + 0,192.(1 - 12,025)

véi 12,025 <1< 15489
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Mot 1an nira ban doc c6 du diéu kien dé tinh Y(1) theo rang buoc (7.18) Vi
giai ham dong hoc nguac Aé tim cdc thong so diéu khién €. h.

Trong chuong 7 nay, ching ta da aghién clu cac dang qu¥ dao dién hinh
dugc Gng dung trong hoat dong cua robot. Xin ban doc lun y rang, ¢ diy chung
ta moi xem xét céc van dé chuvén doi vi i {positions translation}. Cac van dé
lien quan dén qua trinh chuyén hudng (orientation translation) con phai xu 1y
ciing céc pheép bien doi déng nhdt va phai duge nghién ciiv €6 hé thong trong
cac chuyen dé sau hon.
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CHUONG 8

PONG LUC HOC ROBOT
(Dynamic robot)

Trong chuong nay ta dé cap dén mot noi dung khong thé bo qua trong phan
tich. thi€t k& robot. D6 12 vin dé dong lyc hoc. trong d6 céc khia canh lién quan
16 lye téc dung trén limg khau, timg khop, lzc tic dung lién két, lyc ly tam, céc
hiéu tng tuong hd. hicu Gng trong truosng cung nhu hiéu mg quan tinh...
duge nghién cdu trong moi quan he khong tach roi chuyén dong {bién déi v tri,
vin tdc. gia 1oc...).

Trudc hét ban doc cdn nidm duge céc moi quan hé vi phan (Differential
relationships) trong dong hec robot. Trong cdc quan hé vi phan, xin ban doc hru
¢ dac biet dén cac phép bién ddi quay vi sai va tinh tién vi sai.

8.1. CAC QUAN HE VI PHAN

8.1.1. Pao ham (Derivation)
Cho phép bién doi:

I| T-. r| l‘l
[ESSRE RN S S S
1= ]
|

SRR WESR PP ¥

Ta dinh nghia:
el a1y
ax dx
dT=1| ... ... oo dx
ARy Clyy
PR o

ia dao ham cua phép bién doi T.

Xét vi du trén hinh 8.1.
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Khap n+1

Hinh 8.1. Lién két hai khau ké tiép
Phan tich két ciu trén hinh 8.1 vdi phép bién doi:
Trans(0, 0, d,)
Rot(z. 6,)
Rot (z. ©&,)
Trans(a,, 0, 0)

Ma tran cha phép bién doi A L

cosh  —sindsina sinfdsinc a.cose
A = sinf cosbcosa —cosOsina a.sind
0 SINO cost d
0 0 0 |
Vay dao ham cla A theo 6 la:
—sin  —cosOsina  cosUsind —a.5inb
A = cosd  ~sinBcosa  sinfsina a.cost 48
0 0 0 0
0 0 0 0

8.1.2. Phép quay vi phan va phép tinh tién vi phan
(Differrential Rotation and Translation)

Gia st cé:
T + dT = Trans(dx. dy. dz)Rou(k, aT
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rong 46
Trans(dx. dy. dz) 13 dich dong tinh 1ién vi sai so vdi géc (O, xyz) va
#or(k. dOj 1a dich chuyén quay vi sai so vdi gde quanh tryc k bat ky (quay vi sai
POme Gudtl).
4T duge tinh nhur sau:
dt = | Trans(dx. dy. dz)Rot(k, d0) - T]T (8.1
trong d6: I 1a ma tran don vi.
A= [Trans{dx. dv. dz)Rot(k. d8) - 1
chinh la phép bién doi quay vi sai va tinb uén vi sai.
Tir do:
dl =AT (8.2}
Khi so v6i mot hé toa do bat ky. chang han so véi T 1a c6:
T + dt = T.*Trans(dx, dy. dz)'Rot(k,d®)
trong d6 phép tinh tién vi sai Trans(dx. dy, d6) va phép quay vi sai Rot(k, de) déu
tinh trong T.

K

Z A
k
dx, dy, dz 9@
Tg
0 >
y
X
Hinh 8.2. Cdc dich déng vi phdn
Luc nay dT dugc tinh nhy saw
dT =T. "[Trans{dx. dy, dz) Rot(k, d8) — I], (8.4)
T
A
=T.'A
Téng hop lai: ,
dT=AT-T.'A (8.5)
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8.1.3. Phép quay vi phan va tinh tién vi phan trong phép bién déi
ddng nhat

(Differential Rotation and Translation of Transformation)
Ban doc da 18, theo dinh nghia:

A = [Trans(dx. dy, dx)Rot(k. d8) — I]

Ta di cé:
1 0 0 dx
0" 1 O dy
Trans{dx. dy. dz) = (8.6)
0O 0 | dz
o 0 0 1

Va cing c6:

k,kverst + C8  kkoversb -k, SO0 kkversb+k S8 O

Kk versth + kS8 kkvers6 +CO  kkversd -k S8 0

k.kversb —k SO kk,vers8 + kS50 kkversb+Co 0
{1 g 0 1

la két qua cia phép quay t6ng qual ma ban doc di duge thay trong muc 4.4
(chuong 4).

Rot(k, d8) =

Theo quy wdc bidu dién:
Verstd = 1 — cos@
ta ¢6 nhitng nhan x¢t sau V¢ nhimg gid tri gidi han cua cdc ham lugng gidc:

FlhimCh =1
[} >0}

* lim SO =do

f—{r

*lim Vers =0

H—ll
Tir d6 dé thdy khi 0 — 0, dudng chéo cta ma tran Rot(k, d8) c6 cdc phan tu
déu béng 1.
Ma tran quay vi phan 16ng quit c6 thé biéu dién lai:
| 1 —kd8  kdo

k,do I —k,d0

Rotk. d8) = | | 1o 1 ao (8.7)

- o O O

0 0 0
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To hop lai €r (8.6), (8.7) ta cé:

R k,d0 kd0  dx |
N k d6 I -kd0 dv!
Transidx. dv. dz) Rouk. di)y = ) ;
. -—-l\'_\.dU k.dé [ ds i
0 0 01
Vi do do:
0 —kd0 K40 dx
k,db) 0 —kd0 dy
A= _ (8.8
b=kl kK dg {1 dz
() 0 0 0

8.1.4. Cac phép quay vi phan tuong duong
{Equivalent of Differential Rotation)
Ban doc dé thay khi sir dung lai cdc phép quay co ban xung quanh cic truc
X, ¥, zcua h¢ ¢o ban ma cong thite ciu né di dé cap trong chuong 4 [muc (4.2).
(4.3). (4.1, 12 ¢6 ngay:

1 0 0 { | 0 (} 0,
0 cosdx  —smdx 0 0] | ox 0 ”
Rot(x. 8x) = . ) = ‘ _ (8.9)
0 sindx cosox O 0 ax | ()
() (} 4§ | 0 (} ) 1!
cosdy ) sindv 0O I O N ¢
0 | 0 0 0 l 0 g ,
Rot{y, dvi = o i = } (8.10})
T =sinoy 0 cosdy 0 ov 0 1 ()
0 0 0 1 0 0 0
cosdz —sindz 0 0O Il -8z 0 O
sindz  cosdz O 0O B 87 Il 0 4] 8.11)
Rozoar=1 9 o 1 ol lo o 1 o )

0 0 0 1 0 0 0 |

Vi do dd, khi thay dO béi d0 = Sxi + 3yj + 5zk trong tinh todn, ta s& duac
ddng cong thire quay vi sai 16ng quit (8.8).
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Mat khic ta cling co:

Rot(k, d8) = Roi(x, dx)Rot(y, dy)Rot(z, 37)

1 -z
oz 0
- -8y &x
0 0

va do do:

Trans(dx. dy. dz) Rot(k. d9) = M
~8y
0
Suy ra
0 -0z
Sz 0
A= | sy sx
4] 0

Ay 0
-56x 0
0 Q
0 l

-6z ¥y dx

0 —dx  dy
Ax 0 dz
0 0 !
Sy dx
—0x dy
0 dz
0 0

So sanh (8.12) v&i (8.8) ta rit ra dugc:

dz = k,d6
oy = k. d0
ox = k. db

N¢u thay thé d boi d = dxi +dyj + dzk vi:

d0 boi dO = 8xi + dxy + dzk

thi vecto bién doi gom:

dx

(8.13)

(8.1

(8.13)
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D¢ minh hoa. xin xem mot vi du cu the dudt day.

Cha:
o0 0 10l
L0005
A= |
0 10 0y
(000 ‘

Bidu dién A rong he toa do chudn nhu trén hinh 8.3,

- ZT

Hinh 8.3. Diém A trong hé toa do chudn

Cho A dich dong va quay vi sai trong he tog do goc von
d= 1+ 05+ 0.3k
5 =00 +0.1j + Ok

Hay unh dA.

Theo (8.12) la coe

0o 0 01 1 6 0 |
O 0 0 0 o0
A=AANA= .

da ‘ol 0 n 053 0 1 0
o 0 0 0 0O 0 0

0 01 0 |

)0

|0 0 0

0 0 -0 03

0 0 0 0

Biéu dién lic nay o he chuan nhu trén hinh 8.4.
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o
w
Y.<

z dAz
Hink 84. Dich déng vi phan ciia A

8.1.5. Chuyén déi thir tu vi phan giira cac hé toa dé
(Transformation differetial dranges between ceordinates Frames)
Ban doc da bictdT = A1 ="1."\. Hay la:
A=T AT
Tir d6 ta dat ra bl toin:

“ChoT.Atim 'A ="
Ta ¢6 the dung toidn dd dé mo ta bai todn nay (hinh 8.5}

T
O S

\ " {dich, quay vi sai 50 vei T)
{dich, quay vi sai so vdi gdc)

Hinh 8.5. Todn dé chuyén doi thit tu vi phdn

Gia st T duoc bidu dién bai:

b= n, ('j, 4, P,
¢ o 0 1|
iS¢ Coe
n, oo n, -n
L 1o, o 0, -0
t= a, a, 4, —1[i
o 00 ‘
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Vatr dé:
n{dxn), n(3x0), n(dxa), noxp + dj,
T AT = O(?an)_\. 0(8){0)_\. O(’éxa)) O(dxp + d}_\
a(dxn), a(dx0),  a(dxa), aldxp + dy,
0 0 0 0

Ban doc chd ¢ rang. trong mat phang toa do ta co:

nl@dla
nxn =g
nxa =0
Oxa = n
Oxn =g

Vi trong sy phéi hop céc tich chéo hay tich vecto. ta ¢6:
ax(bxc)=~bx(axc}sz(_can
Nhu vay:
%) —-da a0 n{dxp + dj,
da @ -8n  OBxp+ d),
-8Q  &n ) a(8xp + d},
1%} %) %] 1%

TA=TV AT = (8.16)

Cha ¥: De khoi nhdm ldn giia O va sg khong, ta da ding ky hicu () thay
cho 56 khong, con O 13 mot truc cua hé toa do n, O, a véi O 13 phuong can nim
vat thé (Occupation).

Hiy cho cic tuong duong sau day:

'8, = 8n ldx = 8(p x n) + nd
'3, = 350 'dy = 5(p x O} + Od
7S, = 8a dz = o(p x a) + ad

Ta c6 thé biéu dién lai (8.6) nhu sau:

0 "8z T3y Tuy

S ra |
. Sz 0 - 8x dy
[ B
A= " . {8.17)
T8y Tax 0 'dz
0 ¢ 0 0



Nhu vay. khi chuvén déy tha ty vi phan gidia cde hé toa do. ching han tir heé
han dau vou
dax
dv |
dz

D= | ' (8.16)
OX

sang he T varn

A= | (8.18)

Ta ¢6 thé dimg mot ma tran chuyén doi mang ¢n Jacobie vai biéu dién ddy
dd nhu sau:

X n, on, o0, (pxn} o (px nj, (pxnl, l dx
Tdy 0, O, O, (pxy, (px Oy (pxQ),| |dy
Ty = ]ldz _ Ao et, (pxal, (pxa) (pxa), . dz (8.19)
fx g 0 0 1, n, n ox
'Sy 0 0 0 O, 0, 0, Sy
'8z 0 0 0 a, a, a, bz

Phép chuyén doi thir ty vi phan gifta cdc hé toa do duong nhién ¢é thé uén
hanh theo hai chiéu thuan va nghich. Chang han ta ¢é:

Jacobie thuan: (dx, dy, dz. 8x. 8y, 82y > T
Jacobie nghich: T —> (dx. dy. dz. 5x. 8y. 67).
N&u bicu dién véi T, ndo dé: (Ban doc di bigt vé T, khi nghien ctu phuang

trinh dong hoc cla robot. T, 1a ma wdn trinh bay day di ca v& hudng va vi trt
ctia khau chip hinh cudi cia moi robot 6 bac wr dot.



A T T
dx *d,x d.x

tay || Ay Ty
dz W
ek || *8x
Tﬁay Tﬁt—)‘y
%3z 5,2

thi phuong trinh nay da sir dung mot Jacobie thuan.

N&u ta got:

.y
'dx

"

| d}
f

. dz

Tha
0X

[

dy
oz

o7

-
dw

I mot ma trin cOt 1&p hop cAc bién vi phan cua cic phép quay va tinh tién X<t

irong he T, -
Ta lai got:
Tdx T
Td,y
Tf\J _ 'I'f\diz
T3 %
.”‘6&’
5.z
134 ma tran Jacobie Xét trong he T,. va gou
dq,
dq,
da = dgs
dq,
das
dqy,
{3 ma tran cot tap hgp cic bién vi phan cu
trong h¢ co ban, thi 16ng quit lai ta co:

,__
]
[

"d, X

E

8.2

dq,
dq-
dys
dq.
dqs

dije.

(8.20)

a phép quay va phép tinh t€n X¢t



"dw =T dw = T, _dq {8.21}

Sor do 1ong quat nhi trén hinh 8.6.
Két thiic

07" Gae
I{inh 8.6. Su do bién doi téng qudt cia robot 6 bac i do

Cie bai todn sur dung ma tran Jacobie déng mot vai 1o quan trong trong
qud trinh xu 1y quan h¢ lye/momen tong quat khi nghién ciu cic vin dé dong
[ie hoe robot ma ta con ¢é dip thao luan sau nay.

8.2. CO HOC LAGRANGE VOI CAC VAN BE PONG LUC
CUA ROBOT :

Nguyen Iy d'Alembert dé cap dén cic xung luong (impuls) mv hayv jw
(khai lugng ~ van toe) véi dlnip = XF, chua di co s dp dung vao nghién cifu
dong lue hoc robot. Ban doc timg bict lién két khau. khdp rrong robot vdi nhing
nguon dong lwe vin kénh didu khién rieng biét khong cho phép bo qua cic hicu
tng nhu trong trudng, quin tinh, tweng ho, ly tim... ma nhiing khia canh nav
chua duce xét day di wong co hoe ¢o dign. Ngay ca nguvén ¢ Newton -
Lagrange cling van chua thich hgp hoan toin vi bai tedn nghién ciru mai chi xir
Iy cic h¢ thong ho, khong cd lién hé phan hot. Vi vay co hoc Lagrange dua cdce
vin d¢ dd néu vio nghién ciu mot hé thong khép kin I nguvén I¥ ¢ hoe thich
hop nhat déi véi cde b todn dong lue hoc robot.

Nhur di bift, ham Lagrange cua mot hé théng nang lugng khép kin i

L=K-P (8.22)
trong dé: K la tong dong nang cua he théng:
P 14 10ng the nang.

K. PP d¢u Ta nhimg dai lugng vo hudng nén ¢é the chon thich hop vai bat cir

moL hé toa do nao cua robot ¢d n khau khic nhau. Luc do:

K=>K; va P=5P,
i 1=l
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a day K, I dong nang cua khau thiri tinh trong he toa d¢ chon va P, 14 the nang
cta khiu tha i do.
Ta lai biél m6i dai luong K. hay P 13 mat ham sé phu thude nhigu bién so:
K, = K{q,. @ - Q- G1- Qo- - Q)
P. = P(g,. q,)
Mobi bién s6 g, bao gom:
U, 13 gée quay quanh truc 1;
d, 1a lugng tinh tiép doc truc .
Ta dinh nghia: '
“Luc tic deng lén khau thi 1 (i = 1, 2, ... n) v&i quan niém 1 luc 1ong quit

{Generalized force), né ¢6 thé 1a mot lue hoae mot momen. 1a Iuc xdc dinh bai:

= — —&—-— (8.23)

8.2.1. Viduy ap dung _

Cho mot robot hai khau ¢é chiéu dai d, va d, véi cdc khoi luong tuong 1ing
m,, m.. Cic khdp quay hoat dong voi bien 0, U, (hinh 8.7). Tinh luc tong quit.

Ban doc s€ thay: chi v&i mot moi lién ket hai kKhau, cdc van dé dat ra déu da
¢6 mat trong qud trinh xu 1y nghién ciu déng e hoe va do 66, vi du dura ra da
cho ban doc nghién ciu d4p dung trong nhiing truting hop phic tap hon.

=

y. = ~d1cosO1:'

|
I
|
I
I
I
|
b
1
1
I
|
|
|

Yopomonmanan it M-

1 \ £

Hinh 8.7. Robot hai khdu (vi du dp dung tinh luc tong qudt)



Khau /:

1 L) l AP
Ky = Smyvi = ;m,d(O,’

P, = -m,gd,cosU,
Khau 2: V& mat toa do:
X, = d,sind; + dsin(0; + 0y
y, = —d,cosf, — dycos(8, + )
Chiéu cao thé nang:

h = d,cos8, + dycos(0, + 0,)

Vé mat van Loc:

‘E = "i% + ‘% (Vs z}.{Ei +‘;’2_|]
. 1 ) dO (dO b
Xy = —X, = dlcose,—-'— + d,cos(0, + 0,)'| 14 49, |
s | dt i Lot du )
= d]coselé] + d.cost0, + 0y) (()1 + éz) |
. i ) : . ' .
Yo = ;—)'3 = d,5in0,6, + d,sin(@, + 6,) (8, + 0,
t
V=343 = [d'fﬁ}f v d2(B] +20,8, +02)+2d,dy cos, (0] +é](-§3)]
Viay

K,= %mj\'g = —l-mg[d,zéf +d§(éf +2E.}‘{.]3 +(.}§}+2d]d2 cos(éf +0]E}3)]

-3

P, = —mag[d,cos0, + d,cos(6, + G,)]

8.2.2. Tinh Iuc téng quat va phan tich y nghia
Ap dung ham Lagrange, ta co:
L=(K,+K)-(P +P)

SR 0 - ‘3
L= %(m, + mj]dfef +-5|113d5(0f +20,8, +03) +

+ md,d, cosE-lg{(.)f + é,éz 4 tm, + mygdcosl + m,gd,cos(0; + 0,)

Khi tinh lyc 1éng qudt, ta sir dung cdc bién:

q, =01 g, = 0,



Khiu /:

iq L “] kR vt *
- = i—r = (m, + m)djd,+ mLdsi = Ua) +
& &y

+ 2mud, dscosD,0) + m-d,d.cos0.0,

I ¢L S s
MOl qm, + madi0) A mydily - 0.1 - 2msd dysind, 0,0 +

de &0,
4 2m,d dyeosB.0, - mjdldjsin{'}:l'ﬁg + ln_ﬂ_d._d:cnst)_\{')'j :
L ¢l L _ .
— == (m, + majad sinth, - mwgdwsm(t)l + 0.
Cqy ¢, - )
Vi
dool I. ) - .
- 0 = [tm, + myydy +madsy + 2m,d,ds cosd, 0, +
!

4 ¢
Jdr &0, ¢
+ hn_\d% + 1'n3d]dzco.~;03]{'}-_w - 211@(1,(1_,.\'111&%(1(35
ad sin((y + 03)

- m,d dasind, 05+

+ (m, + mygd sty +m,
Ban doc thay 10: muén cho khau / quay mot goc o thi dong co phai wo
mot lye teng quil 1on hon hoac bang F. T.ue 1Ong quat nay c6 dac tinh phi
wyen, 12 hop tac dung clia nhiéu véu 18 (non linear and cuppling}.

Tuong 1y ta c&:

e 42k

L a N a0
- - E o (m,ds +mdids costh U+ m-d30, -
dt 0 T ' . T

0.

(“.
Iz

2m.d,dasind, 0,0, - 2mpd.singd, + 01

—nad, dasin. 07 -
ong bigu thire tinh luc 16ng quit,

D& phan tich ¥ nghia cac thanh phan ur

bicu dién gon lai nhi sauw:
F = D,0, + D0y + Dy 07 + D03 + 1,200, + Dy 0,8, + D8, 82)
F, = Dy, + Dby + Dsy 07 + 01,07 + Day0,0, + Dy 020, + D0, 03)
LA . PN fatf]
Hicu ung

Hieu ung
trong truong

Hicu ang
waong ho

Iy tam
4n tinh: Inertial effect or cuppling

Hicu g
guin tinh

rrong do: Hiéu ing qu
Hicu tng 1y am: Centrifugal (Force ltem)

Hicu ing tuong ho: Coriolis effect

Hieu (my trong ruong: Gravity.
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5.3 PIIUONG TRINH DONG LUC HOC ROBOT BIEU DIEN QUA
PHEP BIEN pO1 DONG NHAT (Dynamic cquation of robat
presented in form homogencous transformation)

Bun doc hiy dé v dén khau thi 1 cua mot robot ¢ n khiu nao do. Ta hay
tinh luc tong quat T thong qua Khau thi @ vo1 khoi luong vi phan cua no la dm.
Luc tong quat T duge tinh vé sir quan tam toan dién ir ngoul luc téc dung. hicu
(ng ma sal dén moi higu (ng khac ma cong thite tinh lge tong quit theo nguyen
Iy ¢o hoc Lagrange di qudn triét. L (Ong quat T déng mot vai iro cife ky quan

trong khi xav dung so do khoi dé thist lap ham didu khién cho robot n bic tu do.
8.3.1. Binh phuong van téc cha vi khéi lugng dm

Theo so dé ta c6: 1 =T . 'r. rong d6 thay ro r Khony thay dér theo thoi

gian, nhung trdi lai r fai thay dai theo thoi gian L

Vi khéi lugng cda khau thu i
gia sir dat tai diém gila cla khau

Géc

¥

Hinh 8.8. Khdo sdt tée do ciia vi khoi luong dmy

I, 1 ma tran chuyén doi tiri ve O (Base).

T =An A A,

=Tog" gV gy

Vi cic A, lh nhimg ma tran chuyén doi thanh phan. Tac do cua vi khoi

lugng dm duge tinh boi:



d d . i d 6"1“-1 .
r=—r=—T-1= g r
dt dt 5 24q;

Khi iy binh phuong 16¢ do nay ta co:
1: r =3r (x.y.2)=Tr (.r .r'")
v6i r' 13 chuyén vi vecto trong phép bién déi déng nhat va Tr (vi€r 1al cua
Trace: dudng chéo ma tran).
Ban doc nhd lai trong dai s& ma tran:

Ay A e

Trace = Za-

a||l &ln:‘ i:l“”
Hay L
X N
Yl xyzi=]. Y
N
7 Z

Bl vay:

rr=Tr{r T

I i
d i T 1
=Te| =T, p 4T
i di )
" n aT naTTt
= Tr‘z—-—i g, z%wi—‘l
Li12d; =1 ¢4
no ST . TC.L?T-To . _|
=Tr ZZ—J—»‘r-'r ——qqy
\:i:lkzlaqj 2qy |

8.3.2. Tinh déng ning vi phan cua vi khdi lugng dm
Theo cong thiic:
dK = “dm.it
2
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i O

LA : &
dK = —dmTrd Y — —q,4x (8.24
- =1 k=t C U Cily
v do do:

I e T -
R STV C U <) VISP ]
K = de = ;Tr\ >—+ b Tdm ——— Gy (8.25)

Khawi L k= T “d !

bat j’r T dm = J, 1 mot ma lran gid quidn tinb (pseudo inertial matrix)
khaw i
Y nghia “gia quin (inh™ duge su dung vi Kkhi thidt lap day du cac phéan tu
et ma (ran J; ta co (hé lien he véi cdc khdl miém ~moémen quin tinh doc cifc’ va
wrinh bay J; hoan toan hang cac phin tr ma tran co cong thic trung lap voi

momen quan tinh doc cuc. Dudi dav xin trinh bay mai quan heé bigu trung nay.

Ta c6 theo dinh nghia:

jiX2c1|11 j')(de X' Zdm Xdm

_[ir rldm = I, = '[ o vdm
Kbt thai 1 _[' 7' Xdm I' Z'Ydm
|

'

Yy Xdm ti3d111 I Y Zdm
X
I 1.dm

I
i

7 dm \ Zdm
]

"Xdm [ Yy dm Zdm

Hay la:
X

: Y |
o =1 ]k oy oz
7

!

Bay gid ta hay nhic lai momen qudn tinh
doc cuc cua mot vat thé bat k¥ nao do nhi
trén hinh 8.9. Ta ¢d theo dinh nghua:

I.. I(v +z° )dm

I, = j(x’ +z7)dm
1 = j(x1+y2]dm

£

[finh 8.9. Khdo sdat
monen qudn tinh

. - b l 1 h 1 kel hl l ] h
vivii Xo=-—=(y +2)+ o CA )+ (XY i
‘ 2 0 ) ‘)( ) 2( - doc cuc
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Viav: [dem =-1,+ [n +1,

Ngoii ra con cot

I, = _[xydm L= _[:,'y.dm 1, = szdm

X = fxdm Domy = [)-'dm ©ome= [zdm

DGi chidu v6i ma tran gia qudn tinh J; 1a ¢ thé trinh bay:

EERENRIVEN [ ,

2 _ N mx
: Foo - l_\-} +1,,

1., — 5 : I my

] =

' Lo Ly, [,, )
L., L, — mz
mx my mz m

Pén day v nghia bigu trung cua J, di £6 net.

Vaytaco:

-y R B 1

L] "(c.-l- ey

Ko==Tr|> Y . L —'- q;ds, | (8.26)
Sowea,

8.3.3. Tinh thé nang vi phan cla vi khéi lugng dm
Vectd gia 16¢ ¢6 1hé bidu dién dudi hinh thire mot ma trin cot:
g,

o
By

f1a

r

£
0
Vay thé nang vi phan clia vi khoi luong din la:
i

dP, =—dm.gr=dmg. T r

Jdmn
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va do dé:
I)

dim hm

= [dP

khiw tha

Hinh 8.10. Thé ndng ctia vi khoi lugng dmn

Thé ning tong cong cua n khiu duge xdc dinh boi:
0 Ll
- 1
=) P =Y meTy,
i=t i~
Trén co s tinh todn dong nang va thé nang tong cong, ta ¢6 ham Lagrange
cua robot n kKhau vdi 6 bac wy do la:
AT,

LKPZ ‘ZZ'J

A
_|||\!£q_|

a1
Jthqj Zm gT'r, (8.27)
2

k =1

Ban doc chd ¢ rang ham L vin chua dé cip dén anh huong cua nguon

truyén dong gém cdc phén tinh (stator) va phin dong (rotor) cua dong co.

8.3.4. Tinh iyc tdng quat 1 va thiét 1ap so d8 khéi diéu khién
déng luc hoc robot n bac ty do

Theo cong thic (8.23):

Trude hét tinh:
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Dé y rang: Trong T(q,. q, ... q,) v6i g, 12 cdc bién s6 néu p>ithi

a1’
Ti =0.
aq,
Nhu viy
d 0L _ &g 18T OT | ' (o arl .
= 3 > Tr| }qk +zz ZT I, Q4 Qe +
di dq, i=p k=l qu 5 1p | i=pk=lm=1 A, C’(ll\“tl
6o &'t 52[ I —.
+ ZZZT{ -1 ~— |44
t=pk=Im=| _an aqm-(qu
Ti¢p theo:
G R {ag aTTw
- ZZ I ' q, qk + > m;g I,
o P Z dq;.0q, ' aq, ; & qp ‘
Cudi cling ta ¢6 luc tfing qudt:
& K 8T, 2T .
Fp: ZZT - ‘]I o ] qL +
i=pk=1 | “Uk  ©0p
+ iiiTr{ o', | 6T]‘Tqiq q ng on 'r, (8.28)
- 4 kY 5. -
i=pk=lm=l _aqln’oqk aqu " i-p aqp ’
F, ciing chinh la t tinh cho mot khau thi i,
V&1 mot robot ¢6 1 bac 1y do, ban doc dé thay:
qlamottep [q. q; ... q,]
q cling A mot €p [q,, s, ... A,
vidoddt={t.1,..71,].
Va dé cho gon, ta biéu dién:
1=J(q,9)+C(q.q) +G (q) (8.29)

trong do:
J biéu hién tdc dung cha hiéu Ung qudn tinh gém mot ma tran doi xitng n x n
C biéu hiea t4¢ dung cua tuc ly tam, dé 12 mot vecto n x 1
G biéu hién tdc dung cia luc lrphg trudng, noé cing la mot vecton x 1.

Néu thém viao (8.29) céc tdc dung khée nhu 1, dac trung cho ngoai iuc tdc
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dung 1rén cdc truc va v dac trung cho higu ung ma s4t, ta co:
T=114, '01)+C(q E])+G(q)+V<,i+’t_. {8.30
Vi dé v dén ngudn dong luc (dong co dign mot chiéu, dong cu bude, hoac
dong co thuy luc...} ta ¢6 thé thiét lap sa 0 khoi nthim dua ra ham diéu khién

cho robot nhu sau:

U = t(Qn G Qoo Ty 0 1= 1,26

Phin co
cla robot

Péngca !

g.— 0 a G
=
| @ l| + |
'S g T
| = = o | o :'_‘
oD | o
| =5 O .o
| w3 o= + =
1288 l| s
2828, =
=3
g, 0 o Gn Qrd
Uy —

Control 5 "
¢ T T,

Hinh 8.11. So d6 khoi dong luc hoc robot

8.4. QUAN HE LUC VA MOMEN (FORCE AND MOMENT
RELATION)
Trong muc nay ta cung thao luan k¥
hon vé ngoai luc tdc dung lén robot thong
qua mdi quan he luc va momen.

8.4.1. Dich chuyén tinh tién lyc va
ngau lyc (Force / Torque
Translation)

Trén hinh 8.12, cho M, vi F, tdc dung
lén O,. ta hdly thyc hi¢n phép dich chuyén  Hinh 8.12. Tinh tién luc
tinh tién dén O, theo veclo din A‘; ‘ va ngau luc
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Ban doc chi ¥ rang M, 1a mot vectd ty do (free vector) trong khi F 1a miot

vecto phu thugce diém dat (fixed vector) khi thue hién dich chuyén.

Tai O, vé luc c6 F, chuyén tir O, vé O

< - k
vé momen ¢ (Fon X Frog) + My = D .

Nhu da biét:
£, £, M, .
F, = | fi, F,=|f| M= My
f, £, M,,

Ma1 quan hé gitra ching la:
R F
.= RVF,
trong do R':l 11 ma tran chuyén doi tir k vé .

~ pk k k
M, = RY. M, + D{. R{.Fy

PR R =R R =REF

4 d

e L : _
Mk:[RL) [Mq'D:'Rh-Fk]zR‘:-Mq—RE(Dh.F\)

q

K N
= RY. M, - R{.Dg * R} Fy
bé v rang: Rﬁ‘D: = D} nen:

M, = RY. M, + D} R{.F,

F, + M,
M,
M, =| M,,
M

'8

(8.31)

(R.32)

(8.33)

(8.34)

Cic cong thic tir (8.31) dén (8.34) thé hién 1d m&i quan hé chuyén doi gitra

lyc va momen 1if goc toa do nay vé gdc toa do ke can.

8.4.2. Quan hé lyc / mémen téng quat

Trong hé goc, luc 10ng quédt bao gdm céc pha

momen quanh cdc truc:
f

LY

—

fe

g 3 8
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Trong he C nao d6 lye 16ng qudt ¢6 ky hicu °F.
Vidu: vai f=10i +0j - 150k
m = 0i - 100] + Ok
thi:
10
0
-130
0
=100
0

Bay gits ta hiy thyc hién chuyén d6i luc dng quat giifa céc he toa do.

Trude hét ta hay thao luan nguyen tic cong dich chuyén ao (Principle of
virtual work) vi 1 duong nhién: chuyén d6i luc di véi sy sinh cong. Nhung &
day D 1a mét dich chuyén 4o (virtual diplacement) nén cong ao dugc tinh nhir sau:

- Trong hé gac:

5.=F'D
- Trong hé C nao d6:;
3. = F,D
trong dé:
D = [dx. dy, dz. 8x, 8y, 6z]"
va F' =t f.f,.m,m.m,]
Hién nhién: F'D=F".‘D (8.35)

Trong muc 8.1.5, ban doc da lam quen vai su chuyén doi thy w vi phén
gilta cdc hé toa do thé hién qua ma tran Jacobie. Nay thyc hien mot chuyén doi
tir hé goc vé hé € nao dé, ta cé:

td\ n,on n, (p % n), (px n}! (pxn, dx
od, O, 0, 6, (px0) (px0) (pxQ, dy
L‘d, & A a (pxal (pxa), (pxa), | |[dz
3 N N R R n, n, n, RE
“3, 0 0 0, 0, 0, Sy
C(%, 0 0 0 a, a, a, oz
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C6 thé 16m tat phuong trinh trén day thanh: “D = J.D va thay vao (8.35) ta
duoe: F'D=F'ID

Suy ra: F'=“F'.J

Va ta ¢6 chuyén vi lue: F = I'°F, tic Ia:

f, n, O, a, 0 0 0 “f,

f, a, Q, a, 0 0 ¢ f,

1, n, Q, a, 0 0 0 °f, _
= _ . (8.36)

mJ {pxmn, (pxO) (Pxal n O, A, m,

m,| [(pxn)y (pxO)  (pxa) n 0, a.| |m,

]Tl; (p x n')z (p * O)r (p * a)/ n;_ Oz a! sz

Dé dua J¥ vé dang dang Jacobie ¢ muc 8.1.5. ta hay 1dy ma tran dao. doi
ché 3 hang cudi vl hang dau ra co:

m, n, n. n, (pxn}, {(pxn),  {pxn), m,
Cr‘n_\. O, 0, O, (pxO),  (pxO),  (px0), m,

-m, - a, 4, a, (pxa), {pxak {pxa), . m, (8.37)
“f, 0 0 0 n, n, n, f

“f, 0 0 0, 0, 0, f,

°f) 0 a, a, a, f

Ban doc ¢co thé nhan thay qua phuong trinh frén day:
- Phép dich chuyén momen tuong duong véi phép tinh tign vi phin. va
- Phép dich chuyén luc tuong duong v&1 phép quay vi phan.

Khi phan tich mdi hang ctia ma trin (8.37) ta cé hé:

“m, = ni(f x p} + m] “f.=nF
L'm_\. = O[(f x py + m] L'fs_ =0F
‘m, = al(f x p) + m] “f =aF

Tém lai phép chuyén déi lyc momen hoin todn tuong duong v6i phép
chuyén d6i vi phan da nghién ciu.

166



Vi du minh hoa:
{0

L]
o O

Chohe A= )
0
1

o D O =

0

Cho cap ngoai luc sau day tic dong viho hé goc:
f=10i + 0j+ Ok
m = 0i + 100) + 0k

Tinh todn téc dung ngoai luc vao he A

n=0i+1j+0k i}k
O =01 +0j+ 1k fxp=]10 0 0O|= 0i+0j+50k
a=11+0j+0k 10 5 0
p=101+5)+0k
(f x p) + m = 0i + 100 + 50k
Vay:
“m = 100i + 50j + Ok
*F= 0i+ 0+ 10k
s
z
m =100
=10 ol ~ Y.
(= >

A
7 1 O 1 00 (Amr)
(AFZ}

Hinh 8.13. Hé ngoai luc tdc dung vao A
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8.4.3. Luc, mémen va cin biéng cac khdp quay
Thong thudng, ta bi€t duoc lyc vh momen Lic dong & T, (khau chdp hanh
cudi). Van dé 1a im ra lyc va momen tic dyng trén céc truc dé gidl quyét yéu

ciu can bang cdc khép quay cua robot. Ta c6 con.g 4o theo dinh nghia:
5, ="F "D=1.Q (8.38)

Trong cach bidu dién nay '°D la dich chu wén a0 9 T con t' 1 vecto cdt
cua luc tdng quat, né bao gém lyc ¢ khdp trurgt (prismatic joint) va momen G
khdp quay (revolute joint).

Q 1a dich chuyén do, 16 0 thé 1a 80 trong cic khdp quay hoidc dd rong
Khép truat.

Tir cong thire "F' °D = 17.Q, Vi 0 = 1.0 (dich chuyén do bi¢u dién qua
Jacobie), suy ra:

HEIQ=1.Q

Vay: = "Fy, hay t=1" °F (8.39)

Vi dy 4p dung: Tinh chuyén vi luc va momen cta Microbot Robot (hinh
8.14).

Hinh 8.14. Microbbot Robot

z,{0,) quay clia mam ¢id (waiter)

2,(8,) quay cla vai {shoulder)
2,(05) quay cla khuyu tay {elbow)
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Cho f=4
'%

Hinh 8.15. So do nguyén Iy Microbot - Robot

V&i sa d6 nguyén 1y két cau nhu & hinh 8.15, Micrcbot Robot ¢6 Jacobie:

0
J= 0
0

=5,(eC; + fCyy)
-C(eC, + fC,y)

~-C(eS, + 1S, —fC,S,,
~S.(e8, + £S.;) ~fS, 85,
eC, + 1C,, fC,,
5 S,
-C, C,
0 0
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Theo cong thic:

f )

. (0

1 =1TF= rzl =1 AN
m, {1}

" m,(t)

m,(t}

Thay thong 3 két cau va cac thong s6 dong hoc da cho ta ¢&:

f{t)
_ f.(0)
T, -4 0 0 0 01 '

£,(1)

T =|t,|=10 -3 4 1 0 0
m (1)

1, 0 0 41 0 0
m(0)
m (1)

m.(t) - 4f (1)
= | m(t) + 4f,(0) - 3f(1)
m (1} + 41 (1)
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