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LOINOI PAU

Trong sit nghiép cong nghiép hod, hién dai hod ddt mesc vt dé
te dong hod sdn xudt 6 vai tro dde biét quan trong.

Muc Héu ing dung ky thudt robot rong cong nghiép la nhdam
ndng cao ndng sudt day chuyén cong nghé. ndng cuo chdt liiong va kha
ndng canh tranh cita sdn pham, dong thoi cai thién dién kién lao dong.
Sw canh tranh hang hod dat ra mor van dé théi s la lam sao dé he
thong ne dong hod sdn xudt phdi 6 tinh link hoat cao nham dap itng vei
sie bién dong thuomy xuyén ctia thi truong hang hod canh tranh. Robot
cong nghiép la bo phdn cdu thanh khong thé thiéu rong viée tgo ra
nhitng hé thong nr ddng sdn xudt linh hoat do.

Geéin mia thé ky o6 mdit trong san xudt, robot cong nghiép dd oo
mot lich siv phdat trién hip dan. Ngav nay robot cong nghiép dioc ditny
rong rdi ¢ nhiéu [ink vige sdn xudt. £iéu dé xudt pldt nr nhiing diém
co hdn ctia cdce loai robot da diwoe chon It va dic Fét lai guna bao
nhicu ndm itmg dung  nhi¢u miroc.

7 ciai doan truce nhitng ndm 1990 hau nhut trorg e ta hoan
roan chira du nhdp vé k¥ thudr robot, thdm chi con ciwa nhdn ditoe
whidu thong tin k5 thudt vé linkh vie nay. Tit ndm [990 1hicu co s0 cong
nghiép dd bdr dau nhdp ngogi whiéu logi robot phuc vie cdc viée nhur
thao ldap dung cu cho cdce wrung tdm gia cong CNC, lip rdp cdc link
kién dién tir. thao tdc J cde mdy ép niuta, dan vo xe 616, xe may va phun
phit b mat vov... C6 nhitng noi dd bat dé thiét ké. ché'tgo va idp rdp
robot.

(f nhidu triomg dai hoc, cao ddng va day hghé ki thudi can dd
bét ddu gidng day vé robot céng nghiép. Ddar bi¢t trong nhitng ndam gar
dav nhiéu noi dd md nganh dao tao vé co-tin-dién nr (Mechatronics) va
rdt quan 1dm dén robot céng nghiép. “Co - tin - dién 0" va “Robot cong
nghiép™ 1a 2 Iinh vire khoa hoc k¥ thudt cao rdt gdn bo véi nhai. 18]
nhiéu nuce chiing két hgp voi nhau trong mot nganh dao tao. Trong
“Robot cong nghiép” ¢6 hdu hét cde vdn dé cia “Co - tin - dién 0 va
dong thei sue phat trién ciia “Co - tin - dién W cing déu phdn anh
trong k¥ thudt robot.

Cuén sdch nay la gido trinh gidng day vé robot cong nghiép tai
triong Dai hov Bdch khoa (PHBK) - Ha Noi. Trong dé sé cung cdp
trong dot toan dién cdc kién thicc co sd va ndng cao vé robot cong
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nghiép. Phdn kién thiic co s6 chiing 10i dd c6 gdng viét dé hiéu cho nhiéu
doi tuong ban doc. Déng thoi ciing b6 sung, cdp nhdt va phan tich nhiéu
thong tin, két qud nghién citu hién dai & trong va ngoai nuoc. Sach dvoc
ding lam tai liéu gidng day hoc tdp cho gido vién, sinh vién cdc triong
dai hoc, cao ddng va dgy nghé ky thudt cao. Déng thoi ciing la tai liéu
tham khdo cho cdn b nghién citu vé Iinh viee nay va cdc cdn bo diéu
hanh san xudt ¢ nhiéu nganh céng nghiép khdc nhaw. Trong ldn in thit
hai chiing 61 bd sung mot s6 hinh anh vé cde robocar dugc ché'tgo trong
nuic vao cudi chirong I va thém mét chuong mdi “Déng hoc robot khi di
chuyén nho”.

Trong ldn in thit ba nay chiing 168 chi chinh sita rhé & mot s¢ cho.

Chiing t6i rdt mong va cdm on S déng gop y kién ctia ban doc.
Cdc ¥ kién xin gui vé Nha xudt ban Khoa hoc va Ky thudt, 70 Trdan Hiung
Pao - Ha Noi.

Tdc gid



CHUONG I

GIGI THIEU CHUNG VE ROBOT CONG NGHIEP

1.1. SURA POI CUA ROBOT CONG NGHIEP.

Nhu cdu nang cao nang suit va chdt lugng san pham ngay cang
doi hoi tng dung rong rii cic phuong tien ty dong hod san xuit. Xu
hudng tao ra nhiing day chuyén vé thi€t bi tr dong c6 tinh linh hoat cao
dang hinh thanh. Céc thi€l bi ndy dang thay th¢ din cic may dong

"ciing" chi dap img mot viéc nhat dinh trong lae thi truong luén luén doi
hoi thay déi mat hang vé ching loai, v€ kich ¢& va vé tinh nang v.v.... Vi
thé ngly cang ting nhanh nhu cdu ling dung robot dé tao ra cdc hé thong
san xuat tu dong linh hoat.

Thuat ngit "robot" lan ddu tién xudt hién nam 1922 trong tdc
phim "Rossum's Universal Robot" cua Karel Capek. Theo ti€ng Séc thi
robot 12 ngudi lam tap dich. Trong tac phdm nay nhan vat Rossum va con

trai cha éng da tao ra nhitng chi€c mdy gan giong nhu con ngud dé hau
ha con nguoi.

Hon 20 nam sau, udc mo vién tudng cla Kerel Capek da bat dau
hién thuc. Ngay sau chi€n tranh th€ gidi lan thir 2, ¢ Hoa Ki da xuat hién
nhiing tay miy chép hinh diéu khién tir xa trong cdc phong thi nghiém vé
vat liéu phéng xa.

Vao pilia nhl"mg nam 50 bén canh cdc tay mdy chép hinh co khi
dé. di xudt hién céc loai tay mdy chép hinh thuy lyc va dién tr, nhu tay
miy Minotaur I hodc tay mdy Handyman cta General Electric. Nam
1954 George C. Devol di thiét k& mot thiét bi ¢6 tén la "Co cdu ban 1€
dung dé chuvén hang theo chuong trinh”. Dén nam 1956 Devol cling voi
Joseph F. Engelbu mét Ki su tré cua cong nghiép hang khong, da tao ra
loai robot cong nghiép dau iién nam 1959 & Cong ty Unimation. Chi dén
nam 1975 Cong ty Unimation mdi bat ddu ¢6 loi nhuan tir san pham robot
ddt} tién nay.

Chiéc robot cong nghiép duge dua vao img dung dau tién, nam
1961, & mot nhi mdy 6 tO clia General Motors tai Trenton, New Jersey
Hoa Ky.

Nam 1967 Nhat Ban méi r:hap chiéc robot cong nghiép dau tién tit
Cong ty AMF cua Hoa KV (American Machine and Foundry Company).
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Beén niam 1990 ¢6 hon 40 cong ty Nhét Ban, trong d6 6 nhimg cong ty
khong 16 nhu Cong ty Hitachi vi Cong ty Mitsubishi, da dua ra thi trudmg
quéc t¢ nhigu loai robot néj tieng.

Tir nhiing nam 70 vige nghién cu nang cao tinh nang cua robot
di cha ¥ nhiéu dén su lip dat thém cic cam bién ngoal tin hieu dé nhan
biét moi trudng lam viéc. Tai trusng Dai hoc Tong hop Stanford ngudi ta
di o ra leai robot 1ap rdp tu dong diéu khién bing mdy vi tinh trén co so
xir 1y thong tin tic cdc cam bién fyc va thi gide. Vao thoi gian nay Cong ty
IBM da ché tao foai robot ¢6 cdc cam bién xiic glac va cam bién luc, diéu
khi¢n bang mdy tinh dé lap rap cic mdy in gém 20 cum chi tiét.

Vao giai doan ndy ¢ nhiéu nuéc khac ciing tién hanh cdc cong
trinh nghién ctu twong 1y, tao ra cic loai robot diéu khién bang may vi
tinh, ¢6 ldp dat cdc thiét bi cam bicn vi thiét bj giao ti€p ngudi - may.

Mot linh wvire duoe nhi¢u phong thi nghiém quan tam la robot tu
hanh. Cdc cong trinh nghién citu tao ra robot tu hanh theo hudng bit
chudc chan ngudi hoac siic vat. Cac robot nay con chua cé nhiéu tng
dung trong cong nghiép. Tuy nhién céc loai xe robot (robocar) lai nhanh
chong dugc dua vao hoat dong trong cic hé théng san xuat ty dong linh
hoat.

Tir nhimg nam 80, nhat 1a vio nhitng nam 90, do ap dung rong rii
cdc ti€n bo k¥ thudt vé vi xir 1y vi cong nghe thong tin, s6 lugng robot
cong nghiép da gia ting, gid thinh di gidm di 1 rét, tinh nang da cé
nhiéu budc tién vuot bac. Nhy vay robot cong nghiép di ¢4 vi tri quan
trong trong cdc day chuyén tu dong san xudt hién dal.

Ngay nay chuyén nganh khoa hoc vé robot "robotics” d trdf thinh
mot linh vuc réng trong khoa hoc, bao gom cic vin dé cau tric co ciu
dong hoc, dong lyc hoc, lap trinh qu¥ dao, cam bién tin hi¢u, diéu khién
chuyén dong v.v... Cdc van dé nay sé lan lugt duge dé cap dén trong cic
chuong cia gido trinh nay.

Trude khi budc vao nghién clu cdc noi dung nay chiing ta ciing
can théng nhat vé thuat ngit "robot cong nghiep” (Industrial robot). Trong
nhiéu tai licu khdc nhau, dinh nghia vé& robot cong nghiép ciing khdc
nhau. Khi "robot cong nghiép” dau tién ra doi, Cong ty AMF di qudng
cdo n6 la mot loai mdy wr dong van nang. Trong Tir dién Webster dinh
nghia robot la nhing may tu déng c6 thé thuc hién duge mét s6 chie
nang cua con ngudi. Nhung néu vay thi ¢6 nhiéu loai mdy khac nhau
cling ¢6 thé goi Ia robot. Vieén Ky thuat robot ciia Hoa Ki dinh nghia
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robot 1a loai tay mdy nhiéu chtic ning, vdi chuong trinh lam viéc thay
déi duge, dung d¢ thuc hién mot s6 thao 1dc san xudl. C6 nhifu 1ai liéu
khi dinh nghia robot rat lvu y dén ticu chi diéu khién bang mdy tinh.
Nhung trong phin loai robot cong nghiép theo tiéu chuén cta Nhatl Ban
(JISB Q134 - 1979) ¢6 ¢a nhém tay mdy diéu khién hang tay.

Theo ISO (International Standards Organization) thi: "robot cong
nghiép 1a mét tay mdy da muc tiéu, cé mot sé bac tu do, dé dang lap
trinh, diéu khién trg dong, dung dé thdo lap phei, dung cu hoic cdc vat
dung khdc. Do chuong trinh thao tic ¢é thé thay déi nén thuc hién nhiéu
nhiém vu da dang”. Tuy nhién, robot céng nghiép duoc dinh nghia nhu
thé chua hoin toan thoa ddng.

Robot céng nghiép o6 thé diroe hiéu la nhitng thiét bi ne dong link
hoat, bdt chitde ditoe cde chite ndng luo dong cdng nghiép ciia con nguoi.
N6i dén thiét bi ur dong linh hoat 1a nhin manh dén kha ning thao tic véi
nhiéu bac tu do, duoc diéu khién tro dong va lap trinh thay déi duge. Con
néi dén sur biat chudc cdc chice ning lao dong coéng nghi¢p cla con ngudi
14 ¢6 ¥ néi dén sy khong han ché tr cdc chitc nang lao déng chan tay don
gian dén uf khon nhan tao, tity theo loai hinh cong viée lao déng can dén
chiic nang d6 hay khong. DPéng thdi ciing néi dén mic do cin thiét bat
chude duge nhu con ngudi hay khong.

1.2 TINH HINH PHAT TRIEN ROBOT CONG NGHIEP.

Gan nira th¢ ky ¢6 mat trong san xuat, robot cong nghiép da cé
mot lich sir phadt trién hap dan. Ngay nay da ¢6 nhiéu tai liéu pho thong
viél vé téng quan qia trinh phdr trién ndy. Vi thé & day chi néu t6m tit
mot 6 lieu minh hoa bing cdc biéu dé vé tinh hinh phdt trién cla robot
cong nghiép. :

Trén hinh 1.1. 1a bi€u d6 v€ tinh hinh ting dung robot cong nghiép
d cdc nudc.
Trén hinh 1.2 1a biéu dé vé chi s6 su dung robot & cdc nudc va &

trong nganh cong nghiép 6 16, biéu thi qua s6 luong robot trén 1 van cong
nhin.

Hinh 1.3 1a biéu d6 vé thi trudng robot nam 2001.

Céc s6 ligu & cic bicu dd 14y theo cac tai li¢u cua Lién dodn quéc
t€ vé robot (International Federation of Robotics).
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Hinh 1.1. Tinh hinh tng dung robot céng nghiép & cdc nudc

{A) Cde nuéce: Phdp, Duc, ftalia, Nhat, Anh, Mg
(B} Chau d: uc, Han Qudc, Singapore, Ddi Loan
(C} Tay Au: Ao, Ban Mach, Phan Lan, Nauy, Tdy Ban Nha,

Thuy Bién, Thuy Si
(D) Péng Au: Séc, Hungari, Ba Lan, Slovakia, Sfouema
(E) Cdac nudc SNG
{F) Cdc nudc khac.
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Hinh 1.2 - Biéu d6 vé chi s6 sit dung robot
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Hinh 1.3. Thi tricong robot nam 2001



Vé hicu qua st dung robot thi & day chi dua ra mot vai vidu ¢
hai nha may thude Tap doan Ché tao may Fuji cua Nhat Ban.

[inh 1.4 minh hoa céc s6 liu thong ke: néu ding may cong cu
thong thudng thi mdi cong nhan ding 1 mady; v6i mdy diéu khién chuong
tAinh thi mot cong nhan ddng 2 mdy; con doi véi modun san xuat linh
hoat ding robot thi mot cong nhan c6 thé trong coi 10 modun.

S6 lieu san day cua Tap doan Fuji da minh hoa ve anh huong cua
viec tng dung robot ¢ nhi méy san xudt dong co. Do tang cuding trang bl
ihem robot U 32 chiée len 101 chigc. nén s6 cong nhan giam w108
xuong con 60 ngudi, nhung san lugng dong co hang thang lai tang lén tu
6000 chige Jén dén 10.000 chige.

] Mdy théng thudng

|(1 ¢ong nhan-1miy) [_\;\l:_"}

| - - J

May diéu khidn

| chuong trinh
| (1l cong nhin-2may)
(. )

Modun san xudt
_ linh hoalt |
I {1 cong nhan-10

modun)

| - . —

Hinh 1.4. Mé phéng hiéu quad str dung robot & Nha may Ché tao robot Fuji
{Nhdat Ban).

Cic nguyén phan chu yéu thic ddy téc do robot hod va linh hoat
hé théng san xudt hién dal la:
i - Sy 4nh hudng cfia cde tién bo ky thugt vé co - tin - dién tu
(mechatronics).

- Toc do giam gid nhanh cba hang vi dién tir.

- Tée do tang chi phi cho ngudi lao dong.

Miic chi phi cho ngudi lao dong trung binh tang 6% hang nam so
v6i muc giam gid cdc may tinh logic trung binh giam 25% hang nam.



1.3. UNG DUNG ROBOT CONG NGHIEP.
1.3.1 Muc tiéu 1ing dung robot cong nghiép.

Muc ticu g dung robot cong nghiép nham gép phdn nang cao
nang suil day chuyén cong nghe, gidm gid thanh, nang cao chat luong va
khi nang canh tranh cba sin pham, déng thoi cai thién diéu kién luo
dong. Dicu d6 xvat phit tir nhimg wu diém co ban cda robot, di diic két
lai qua bao nhiéu nam duge dng dung & nhicu nude. Nhitng vy diém co
ban do la:

1). Robot ¢6 thé thuc hién duge mot quy trinh thao tic hop 1y
bang hoac hon ngudi thy Ianh nghé mot cach 6n dinh trong sudt thai gian
lam viéc. Vi the€ robot c6 thé gép phan nang cao chat lugng va kha nang
canh tranh cia san phiim. Hon the. robot con ¢é thé nhanh chéng thay déi
cong viee dé thich nghi vé6i su bién d6i mau md, kich ¢& san phdm theo
yéu cdu cua thi trudng canh tranh.

2) Kha nang giam gid thanh san pham do tmg dung robot [a vi
giam duge ddng ké chi phi cho ngudi lao dong, nhat 13 & cdc nuée ¢6 mic
cao vé tién luong lao dong, cong cic khoan phu cép v bdo hiém xa hoi.
Theo 6 liéu clia Nhit Ban thi néu 1 robot lam viéc thay thé cho mot
ngudi tho thi tién mua robot chi bang tién chi phi cho ngudi thg trong
vong 3 déa 5 nam, wy theo robot lam viée may ca. Con & Hoa Ki, trung
binh trong 1 gid lam viéc robot ¢6 thé dem lai tién 1oi 1a 13USD. O nude
ta nhiing nidm gin diy & nhiéu doanh nghiép, khodn chi phi luong béng
cling chiém ty & cao trong gid thinh san pham

3} Viéc dp dung robot ¢6 thé lam tang ning suit day chuyén cong
nghé. S& di nhu vay vi néu tang nhip d6 khan truong clia day chuyén san
xudt, n€u khong thay thé con ngudi biang robot thi ngudi thg khong thé
thee kip hodc rat chéng mét moi. Theo s0 liéu cua Hing Fanuc, Nhat
Ban, thi nang svat ¢6 khi tang 1én d¢n 3 lan.

4) Ung dung robot ¢6 thé cii thién diéu kién lao dong. D6 14 wu
diém noi bat nhit ma ching ta cin luu tam. Trong thuc t€ sén xuat ¢6 rat
nhiéu noi ngudi lao dong phai lam viéc suét budi trong moi trudng rat bui
bam, am wdt, néng nuc hodc 6n o qud mifc cho phép nhiéu ldn. Tham chi
o nhiéu noi ngudi lao dong con phai lam viée vét moi trudng doc hai
nguy hiém dén stc khoé con ngudi, dé bi cut chin tay, dé bi nhiém hoa
chdt doc hai, nhiém séng dién tir va phéng xa v.v...

1.3.2 Cac budce ng dung robot.

Viéc uu tién ddu tu trude hét phii nhim dé dong bo hod ca hé
thong thiét bi, réi ty dong hod va robot hod ching khi can thiét. D¢ quyét
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dinh diu tu cho viéc robot hod cho ca day chuyén cong ngh¢ hoac chi & -
mot vai cong doan, nguoi ta thudng xem xét cac mat sau:

1) Nghién citu qué trinh céng nghé dugc robot hod va phan tich
toan bo hé thong san xuit ca xi nghiép.

Trong budc nay cin xét dén day du céc chi phi va néu hi¢u qua
tinh ra cho toan bo hé théng khong thé hién 16 thi viéc ddu tu robot hod 1a
chua nén. '

2} Xdc dinh cdc d6i tugng can robot hod.

Khi x4c dinh nén thay thé robot & nhitng nguyén coéng nao thi phai
xem xét kha nang liéu robot cé thay thé dugc khong va cé hiéu qua hon
khong. Théng thudng ngudi ta wu tién & ohitng chd 1am viéc qud nang
nhoc, bui bam, én A0, doc hai, cang thing hodc qud don diéu. Xu huéng
thay th& hoin toan bing robot thuc 1€ khong hiéu qua bing viéc giif lai
mot s6 cong doan ma ddi hoi su khéo 1¢o clia con ngudi.

3) Xay dung mo hinh qué trinh san xuat dd duge robot héa.

Sau khi x4c dinh duogc so d6 16ng thé qua trinh cong nghé, cin xéc
dinh 13 dong chuyén dich nguyén li¢u va dong thanh phidm dé dim bio sy
nhip nhang déng b cia toian hé théng. C6 thé mdi phar huy dugc hiéu
qua dau tu von.

4) Chon lua miu robot thich hgp hoac ché tao robot chuyén dung.

Pay Ia budc quan trong, vi robot ¢ rat nhicu loai v6i gid tién rat
khdc nhau, néu khong chon ding thi ¢é thé khong nhilng ddu 1o qua dat
ma con khong phat huy duge, nhu kiéu ding ngudi khong ding ché, viéc
niy thudng xay ra khi mua robot ctia nudc ngoai. C6 nhimg chic niang
clia robot duoc trang bi nmmg khong cdn ding cho cong viéc cu thé ma
né dam nhiém trén day chuyén san xuat. Vi thé ma doi gid 1én rat cao, chi
¢d 1gi cho not cung cdp thiét bi.

C#u tric robot hop i nhat 1a cdu tric theo modun hod. Nhu the ¢6
thé ha gid thanh san xuét, déng thoi dap dng duge nhu cau phuc vu cong
viéc da dang. Cau tric cang don gian cang dé (huc hién d chinh xac cao
vd ha gid thanh. Ngoai ra lai con c6 tu tao dyng cac robot thich hop vél
cong viée trén co s& mua lip cdc modun chuén hod. Dé 1a hudng trién
khai hop li déi véi dat bo phan xi nghiép trong nude hién nay ciing nhu
trong tuong lai.

1.3.3 Cac linh vire ng dung robot cong nghicp.

1) Mot trong cdc linh vue d6 1a ki nghé dic. Thuong trong phan
xudng ditc cong viéce ral da dang, diéu kién lam viéc néng bikc, bui bam,
mat hang thay déi luén va chat lugng vat ddc phuy thuée nhiéu vao qud
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trinh thao tdc. Viéc tu dong hod toan phan hoic timg phan qu4 trinh dic
bang cdc day chuyén tw dong thong thudmg véi cic mdy tu déng chuyén
dung doi hoi phéi c6 céc thiét bi phic tap, ddu tu khd 1én, Ngay nay &

nhi€u nude trén th gidi robot duge ding rong rai dé tr dong hoa cong
nghé dic, nhung cha yéu 1a dé phuc vu cic méy diic ap luc.Robot ¢6 thé
lam nhiéu viéc nhu rét kim loai néng chay vao khuén, lay vat diic ra khoi
khuon, cat mép thita, lam sach vat diic hoac lam ting bén vat dic bang
cdch phun cdt v.v... Diing robot phuc vu cdc mdy dic dp luc ¢6 nhidu wu
diém. Vi du, dam bao én dinh ché do lam viéc; chudn hod vé thai gian
thao téc, vé nhiét d6 va diéu kién thdo vat diic ra khoi khuon ép. Boi the,
chat lugng vat dic tang lén.

2) Trong nganh gia cong ap luc didu kién lam vi¢e ciing kh4 nang
né, dé gy mét moi nhat 1a & trong cac phan xudng rén dap nén doi hoi
s6m dp dung robot cong nghiép. Trong phan xudng rén robot ¢é thé thuc
hi¢n nhi€u viec, vi du nhu dua phoi thira vao 10 nung, 15y phoi di nung
nong ra khoi 16, mang né dén may ren, chuyén 1at phoi trong khi rén v
x€p lai vat da rén vao gis hoac thing v.v... Sir dung cdc loai robot don
gian nhat cing ¢ thé dua nang suat tang 1,5 + 2 lan va hoan todn giam
nhe lao dong cla cong nhan. So véi cic phuong tién co gidi va ty dong
khédc phuc vu cdc may rén dép thi dimg robot ¢é wu diém 13 nhanh hon,
chinh xac hon va co dong hon.

Hinh 1.5. So dé lam viéc clia robot RBM - 5
phuc vy mdy dot dép c& nhd. -
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Trén hinh 1.5 & s d6 Jam viée cha robot twr vi tri (1) quay sang
phai ta1 vi tri (2) 101 ha xuéng vi i (3). Sau khi kep chi 1iél tay mdy nang
len vi tri (4) 16i quay sang t6i vi trf (5) va ha xudng vi tri (6) dé dat chi
ti¢t vao bang chuyén. Tay mdy ti€p tuc nang Jén 161 vi trl (7) va quay sang
vi tri xuat phat (8) chd tin hiéu md may. O day dung cdc ngoai tin hiéu tir
[.S1. LLS2, LS3 bdo vi tri cao nhat caa ddu trrot, vi tri trén va dudt cua
thiét bi nang phoi.

3) Céc qua trinh han va nhiét luyén thudmg bao gdém nhiéu céng
viec ning nhoc, doc hai va & nhiét do cao. Do vay & day cling nhanh
chong tng dung ki thuit robot cong nghiép.
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Hinh 1.6. So dé bd tri rabot phuc vy nhiét tuyén bdnh rdng.

Trén hinh 1.6 gi6i thiéu so d6 bo tri robot phuc vu viéc nhiét
luyén banh rang & Cong ty Kawasaki Nhat Ban. Banh rang chiém cdc vi
tri sau day trong qua trinh nhiét tuyét: 1 - vi tri trong 10; 2 - vi tri ch®¥ vao
16 nung; 3 - vi tri ldy tir bang chuyén; 4 - vi tri rén mdy ép; 5 - vi tri trén
biang chuyén khi di nhiét luycn xong. Tay may (6) trong ving hoat dong

(7) ngoai viéc vuon t6i cac vi tri k€ trén con diéu khién thigt bt phu duwa
chi ti¢t ra vao 10 nung.
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Robot duge st dung phd bién nhit la trong viec tu dong hod qud
trinh han. dac bigt trong k¥ nghé oto. Tren hinh 1.7 12 so do lam viee cua
robot trén day chuyén han vo 610 Toyota (Nbat Ban).

Khi st dung robot trong viée

han, dic biét 1a han hoé quang

Y 11‘1‘"‘ g™ véi 111'61'112111 ph@_\_-’ﬂ\tl‘ltO _'(Iiuif‘ng
g = - cong xhong glan can phat dam

: : bio sao cho didu chinh duoc

phuong va khoang cach c¢oba
dién cuc so voi mat phing cua
méi han. Nhiem vu dé cdn duoc
xemn xét khi tong bop chuyén

o
|221¢]

L"f.’ zo g 2 dong cia baa kep va xay dung
| hé thong didu khién ¢6 lién he

\ ! p‘hém hoi. Kq‘mh nghiém cho thay

rang ¢6 thé thyc hién 16t coéng

] . vice han néu thong s0 chuyén

dong clia ddu dién cuc va ch¢ do
han duge diéu khien bing mot
chuong trinh thong nhét, dong
thoi néu duge trang bi cdc bo
phin cam bi€n, kiém tra va hicu
chinh. Ngohi ra robot han con
phip huy tdc dung 16n khi han
Hinh 1.7. So dé lém viéc cta robot rong nhiing moi trudng dac
trén déy chuyén han vo 6 16 Toyota. bigct.

4) Robot duge dung khd r6ng (il trong gia cong va lap rdp.
Thudng thudng nguoi ta sit dung robot chi yéu vio cic vike thdo lap phot
vi san pharm cho céac mdy gia cong banh ring, méy khoan, mdy tién ban
wu dong v...v. Trén hinh 1.8 13 mot vi dy ing dung robot phuc vu méy tién
ban ty dong gia cong cic truc bé. Robot RBM - 100 lan luot lay phot da
dugce x&p thinh day dua vio mam cap chuyén dung. kep chit bang thuy
lyc. R4i sau khi gia cong Xong lai thdo chi tiét xEp vao bang chuyén. Trén
tay may lap hai ban kep, dung cho phoi va dung cho san pham. Céc con
s& trén hinh vé chi céc vi tri hién tiép clia tay mdy. Dudi than mdy co bang
tai thodt phoi.

Trong nganh ché tao mdy va dung cu do chi phi vé tap rdp thuong
chi€m d&n 40% gid thanh san phim. Trong Itic 46 mitc do co khi hod 1ap
rap khong qud 10 = 15% 461 v6i san phdm hang toat va 40% doi v6i san
xudl hang loat 1on. Boi vay viéc tao ra v st dung robot lap rap ¢b ¥ nghia
rat quan trong.
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Hinh 1.8. Robot phuc vu mdy tién bdn tu dong.

Phén tich qué trinh lip rdp ching ta thdy rang con ngudi khn gé
dat céc chi tiét dé lap ching véi nhau thi ¢6 thé lam nhanh hon céc thiét
bi tu dong, nhung khi thuc hién cdc dong tic khic trong qud trinh ghép
chit ching thi cham hon. Bl vay yéu 18 thoi gian va do chinh xdc dinh vi
i1 van dé quan trong cdn quan tam nhat khi thi€t ké cic ioai robot lap rép.
Ngoai ra, yéu cdu hién nay déi véi cac loai robot 1ap rdp Ia nang cao tinh
linh hoat dé dép tng nhiéu loai cong viéc, ha gid thanh va dé thich hop
vOi san xudt loat nho.

Ngay nay dd xudt hién nhi€u day chuyén ty dong gém cdc mdy
van nang véi robot cong nghi¢p. Cic day chuyén dé dat mic d tr dong
cao, tu dong hoadn toan khong cd con ngudi truc ti€p tham gia, rat linh
hoat va khéng doi héi dau ur 1on. 3 day cic mdy vh robot trong day
chuyén duoc diéu khién bing cing mot hé thong chuong trinh.



D¢ md rong pham vi
va kha nang hoat déng cla
robot ngudi ta ¢on dung cdc
thiét bi phan phéi phu. Trén
hinh 1.9 gidt thidu mot loai
c¢o ciu phan phéi (3) cé
dang khung chit thap xoay.
G mbi ddu nhanh cia
khung chit thap duge lip
mot ban kep d€ nhan phoi
do robot (2) theo Iénh cha
ban diéu khién (1) 14y tir 8
(10) dua tSi. Réi céc tay
mdy don gian (5, 7, 9) lan
lugt dua phdi W bd phan
phan phoi vac mam cap clia
cdc may tién bdn tu dong
(4. 6, 8)Theo trinh ty ngugc
lai ¢cac co cau phu va robot
s€ lan luot dua céc chi tiét
da gia cong xong ra ngoai.
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Hinh 1.9, Co cdu phén ph6i phu

Trong mot day chuyén ty dong ¢ cdc mdy didu khién theo
chuong trinh robot ¢6 thé ding mét ché, chuyén dich trén duong ray hoac
treo dt dong. Trén hinh 1.10 hai robot (2) va (12) dung tai cho, phoi hop
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Hinh 1.10. So dé bd tri robot phéi hop lam viéc trén day chuyén tu déng.
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v6i robot (7) treo di dong trén dudng trugt (5) phuc vu bén may (3, 11,
14, 15) diéu khién theo chuong trinh. Ngoai 6 phéi (4), thung dung chi
tiét (8) va (10) cdn c6 ban lat phoi (6) va (9).

- Sit dung robot treo di dong, c6 thé don gian hoa day chuyén tu
dong, nhat 1a khi gia cong céc chi tiét phic tap. Mot robot treo di dong co
thé phuc vu khong phai bon may nhu trén hinh 1.10 ma 10 = 15 mdy hoac
hon nita nhu trén hinh 1.11. '

am@m@ 0
(C 7] J@:ﬂ

] -
Hinh 1.11. Day chuyén mdy phay tu déng c6 hai robot phuc vu

K§ thuat robot c¢6 uu diém quan trong nhat la tao nén kha nang
linh hoat hod san xuat. Viéc sit dung mdy tinh dién tir, robot va may diéu
khién theo chuong trinh da cho phép tim dugc nhing phuong thic méi
mé dé tao nén céc day chuyén tu dong cho san xudt hang loat vGi nhiéu
mau, loai san phdm. Day chuyén tu dong "cing” gém nhiéu thi€t bi tu
dong chuyén dung doi hoi von dau tu 1n, nhiéu thoi gian dé thiét k€ va
ché tao trong lic quy trinh cong ngh¢ ludn ludn cai tién, nhu cdu déi voi
chat luong va quy cach ctia san pham lu6n luon thay déi. Boi vay nhu céau
"mém" hod hay la linh'hoat hod day chuyén san xuat ngay cang tang. Ky
thuat robot cong nghiép va mady vi tinh da déng vai trd quan trong trong
viéc tao ra cdc day chuyén tu dong linh hoat.

Xuat phat tir nhu cau va kha nang linh hoat hod san xudt, trong
nhimg nam gan day khong nhiing chi cdc nha khoa hoc ma ca cac nha san
xudt da tap trung su chd y vao viéc hinh thanh va dp dung cdc hé san xuat
tu dong linh hoat, goi tat la h¢ san xuat linh hoat (SXLH). Trong cdc tai
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liéu nuoc ngoai thuong dung cdc tir viét tat theo tiéng Anh FMS
(Flexible Manufacturing System) dé dién ta hé san xuat linh hoat. Hé
SXLH ngay nay thudng bao gom cdc thiét bi gia cong duoc diéu khién
bang chuong trinh s6, cic phuong tién van chuyén va kho chita trong
phan xuong da dugc tu dong hoa va nhém robot cong nghiép & cac vi tri
truc ti€p voi cdc thiét bi gia cong hoac thuc hién cic nguyén cong phu.
Viéc diéu khién va kiém tra hoat dong toan bo hé SXLH la rat thich hop
v6i quy mo san xuat nho va vira, thich hop véi yéu cau luon luon thay déi
chat lugng san phdm va quy trinh céng nghé. Béi vy ngay nay he SXLH
thu hat su chid y khong nhing 6 cdc nude phat trién va ngay ca & cac nudc
dang phat trién. Trong mot s6 tai lieu nuéc ngoai hé FMS (Flexible
Manufacturing System) nay dugc dién giai nhu hé san xuat ctia tuong lai
(Future Manufacturing System), su tring 1ap cic tir viét tat nay khong
phai ngau nhién.

Hinh 1.12. Ty lé phén bs vé loai
céng viéc duoc dungrobot

1. Bic ap luc 18,3%
2. Han diém 14,7%
3. Han hé quang 12,3%
4. Cap thoat phoi 9,6%
5. Lap rap 9,5%
6. Nghién ciu / Dao tao  5,7%
7. Phun phi bé mat 5,7%
8. Nang chuyén, sép xép  3,9%
9. Cac viéc khac 20,3%

Hinh 1.13. So dé phan bé ty lé cdc
logi robot véi cdc loai phuong phdp © psy X Aux

A

B -

C.

- Robot duoc diéu khién ¢é xir Iy

diéu khién khdc nhau.
- Tay mdy diéu khién bing tay 4%
Robot duoc diéu khién theo
chu ky cing 59%
Robot dugc diéu khién theo
chu ky thay déi theo
chuong trinh 11%
- Robot duoc diéu khién ding
chuong trinh day hoc 18%
- Robot diéu khién theo theo
chuong trinh s& 5%

\\

958
Z

o

tinh khon 3%
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Trén hinh 1.12 13 céc s6 lieu cua Hiép hot Robot nudc Anh

(BRA - British Robot Association) va bidu dé 1y 1& phan bd vé cdc loal
cong viéc duge sit dung robot. Con hinh 1.13 1a biéu d6 phan bo 1y 1€ cac
loai robot st dung cac phuong phdp diéu khién khéc nhau. Day 12 két qua
khao sat cha Hiép hoi Robot cong nghiép Nhat Ban (JIRA - Japan
Industrial Robot Assciation) nam 1981. Tuy chua c6 cac so lieu thong ké
trong nhiing nam gdn day nhung chic chan bic tranh trén hinh 1.13 da
thay ddi di nhidu vi s téc dong cla cdc tién bo k¥ thuat vé co - tin - dién
tr (mechatronics) va 8¢ do giam gid nhanh cha thiét bi vi xit 1y

1.4. NOI DUNG NGHIEN CUU PHAT TRIEN ROBOT
CONG NGHIEP.
1.4.1. Nhan xét vé qua trinh phat trién robot cong nghicp.

Ra doi tir phitng nam 50, robot cong nghi¢p d3 c6 nhimg budc
phat trién quan trong. Tu nam 1960 do su xudt hién may vi tinh, robot
cong nghiép da ti€p thu duge thanh tuu moi doé va ngay cang hap dan.
Cao trao phit trién vio nhing nam 70 va ddnh ddu méc bang Hoi nghi
quéc 1& lan thi 6 vé “thiét k€ che tao va tng dung robot cong nghiép”
Chicago nam 1972. Sau d6 lai ling dan xudng, nhat la sau khing hoang
diu mo 1975 nhu dé rat kinh nghiém dp dung vao ché nao la phat huy
hiéu qua cao hon. Dén nhimg nam 80 thi xuat hién nhu cau hinh thanh
cic he théng san xudt linh hoat FMS (Flexible Manufacturing System)
mi robot nhtr 1a bo phéan cdu thanh FMS. Nhu cdu do kich thich budc phat
trién clia robot cong nghiép. Trong nam 90 robot cong nghiép cling co
budc phat trién méi theo hudng dong bo hé thong trén co s¢ van dung
phiing thinh tyu clia cong nghe thong tin tng dung.

Ban than phdn k¥ thuat, robot cong nghi¢p cling thé hién cic xu
thé phét trién sau day:

1) Trong giai doan dau phat trién ngudi ta rat quan tam dén viéc
tao ra nhitng co cdu tay may nhiéu bac tu do, duge trang bi nhicu loai
cam bién (sensor) d& cé thé thuc hién duge nhing cong viéc phic tap,
nhu 13 dé ching t6 kha nang thay the con nguoi trong phiéu loal hinh
cong viéc.

2) Khi da tim dugc cdc dia chi Ung dung trong cong nghiép, thi
viée don gian hod két cdu dé tang do chinh xac dinh vi va giam gid thanh
dau tu lai 12 nhitng yéu cdu thuc t€ d6i voi thi trudng hang hod canh tranh.
Ngay cang c6 nhiéu cai tién quan trong trong két cdu cdc bé phan chap
hanh, tang do tin ciy cha cdc thi€t bi dieu khién, ting mic thuan tién va
dé dang khi lap trinh v.v... '



3) B¢ ma rong pham vi ting dung cho robot cong nghiép nham
thay th€ lao dong nhiéu loai hinh cong viéc, ngly cang ro nél vé xu thé
tang cutng kha ning nhan biét va xir 1y tin hiéu tir méi truong 1am viec.
Cac thanh tyu khoa hoc va ti€n bo k¢ thuat laser, k§ thuat tia héng ngoai,
k¥ thuat xu 1y anh v.v... da ngay cang hi¢n thuc xu thé phat trién robot
cong nghigp hudng vao viéc thich nghi dugc véi moi truong lam viéc.

4) Cung vGi cdc xu the trén, robot coug nghiép luon ludn duoge
dimh huéng ting cudng nang luc xir 1y cong viéc dé tré thanh cic robot
tinh khon nho dp dung cdc két qua nghién cttu vé hé diéu khién noron va
tri khén nhan tao v.v...

1.4.2. Co - tin - dién i va robot c¢ong nghiép.

Co - tin - dién tr va robot cong nghiép 1 2 Iinh vyc khoa hoc kj
thudit cao rat gan bé véi nhau. O mot sé nudc ching két hop véi nhau nhu
1a mot nganh hoc. Trong robot cong nghiép c6 hau hét cdc van dé clia co
dién wr. Bong thoi su phit trién cla co dién ciing déu phan dnh trong
k§ thudt robot. Vi viy dé nghién citu vé robot cén xem xél cdc van dé
co - tin - dién ta.

Thudt ngir "co - tin - dién ti" (mechatronics) thé hién su két hop
gifa co hoc mdy v6i cong nghé thong tin vi dien to hoc
(microelectronics). Y tudng chil yéu ban dau clia co - tin - dién (i 12 cii

Xu th& ma rong
khd nang cia con
ngursn

Cong nghé théng tin

Cang nghé Cong nghé K# thatit K¥ thuit vi K§ thuat cé'im
co khi thuy khi dién, dien dién tr bién bign déi

\ et //

K¥ thuat hig Codientir/robot g Biéu khién k§ thuit

théna
l[l\)ll&
Anh hudng i cau triic xi nghiép
Tir dong Tu dong Ty dong Tu dong
hod. robol hod thiét hod kho hod cong
hod san ke va vin viée cac
Xudt chuyén phong ban

Hinh 1.14. So d3 quan hé. 21



dat céc thiét bi diéu khién vi dign tt vao cdc may thong tercmg Dan
dan ban than bén trong mdy ciing thay déi di va chifc ning clia may cung
duge m& rong thém nhiéu. Con vé thiét bi dién wr, chinh xdc hon 12 vi
dién i, thi cdc tién by mdi cing khong ngimg duoc dp dung, tir cac mach
tich phéan IC (Integrated Circuit), cdc bo vi xu 1y (Microprosessor), cac bo
diéu khién lap trinh dugc PLC ( Programmable Logical Controller). céc
mdy tinh PC v...v.

Phin n6i ghép thanh hé théng giiia cdc thiét bi diéu khién vi dién
tit v6i céc thiét bi chap hanh trong mdy (cé thé 13 thiét bi co, thi€t bi thuy
khi, thiét bi dién hoac dién ) chi yéu 12 cdc bo cdm bi€n (sensor), céc
bo bién ddi (converter) va cdc thiét bi cia cong nghé thong tin.

So d6 trén hinh 1.14 cho ta hinh dung vé cdc mdi quan hé va anh
hudng clia co dién tit va robot dén cau triic cia xi nghiép cong nghiép.

1.4.3. Robot va hé thong san xuat linh hoat.

Nhu cdu clia thi trudng canh tranh tuon ludn doi hoi cdc nha sin
xuit phai thay déi mau ma. kich ¢d va thudng xuyén cai tién ning cao
chat luong san pham. Nhu vAy su canh tranh hang hoa dat ra mgt vin dé
thdi su la phai ¢6 hé thong thi€t bi san xuat thay déi linh hoat dugc dé c6
thé dép tng véi su bién dong thudng xuyén cia thi trudng. Nho sy phat
trién trong miy chuc nam gfin day cﬁa k¥ thuat s6 va cfmg nghé thong tin
chung ta méi cd kha ndng "mém" hod hé thong thiét bi san xuit. Trén'co
s d6 dd ra doi hé thong san xuat linh hoat FMS la phuo’ng thitc san xuat
hién dai. N6 ¢6 wu diém co ban la cdc thiét bi chu yeu cta hé théng chi
dau tu mot lan, con dép tng lai su thay d6i san phdm bang phin mém
mady tinh diéu ki .én 12 chinh. Hé théng FMS rat hién dai nhung lai thich
hop véi qui mo sdn xudt vira va nho. Ngay nay & cic nudc phat trién céc
hé¢ théng FMS ¢é xu hudng thay thé ddn cdc hé thong thi¢t by v dong
"cimg" san xudt hang loat 16n sdn phdm Cic h¢ thong thiét bi dong
citng nay rat dat tién ma khi thay doi vé yéu ciu sin ph‘am thi phai doi
m6i gan nhu hoan toan. Nhu vay, ching nhanh chéng trd nén lac hau vi
khong thich nghi duge véi thi trudng day bién dong.

Y tuc'mg chi dao trong viéc 16 chitic hé théng sdn xuat hién dai
linh hoat 13 "linh hoat hod" va "modun hod". Mot hé thdng san xuat linh
hoat ¢/ thé gdm nhiéu modun linh hoat. Mot trong nhiing hé théng nhu
vay 13 he 'héng CIM (Computer Integrated Manufacturing) - hé thong
tich hop san xudt dung méy tinh.

Dé tao ra nhimg modun san xuét linh hoat d6 can ¢6 mat robot
nhu mot bo phan cdu thanh, O day, robot 1am nhiing cong viéc chuyén
1iép gilta cdc mdy cong tdc (vi dy, cap thodt phoi va dung cu cho cic
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trung 1am gia cong), van chuyén trong phan xudng, thao tic trong kho ty
dong v.v...

Ban than co ciu tay mdy clia robot cung 14 mot co cdu linh hoat.
D6 1a co cdu khong gian ha (khéng kép kin}), cé bac ty do du thira nén do
co dong rat cao. Méi khau ca co cdu c6 dong luc rieng vi ching duoc
diéu khién béng chuong trinh thay déi duge. C6 loai robot lai ¢6 thé
thay doi dugc thao tic clia minh mét cach linh hoat khi nhin biét dugc
cdc tin hiéu tir sy hoat dong chia ban than (noi tin hiéu). Nhiing co cdu
nhu vay goi 1 co cdu diéu khién linh hoat.

1.4.4. Robot song song.

So d6 dong co cdu tay mdy thong thudng [4 mot chudi néi tiép
cac khiu dong, con trong robot song song (RBSS) ¢ mét khau nio dé
¢6 thé ndi dong véi nhiéu khau khiéc, titc 14 adi song song v6i nhau va
cung hoat dong song song v6i nhau. Sir khdc nhau vé so dé dong do6 ciing
gay ra nhi€u dac di€ém khac biét vé dong hoc va déng luc hoc. Vi du, doi
vOi robot théng thudng thi gidi bai todn dong hoc thuan dé dang hon
nhiéu so véi bai todn dong hoc nguge, con’'d6i véi RBSS thi hoin toin
nguaoc lai.

Vén dé RBSS tré nén hip dan nhiéu nhd nghién ctu tir giita
thdp ky 90 khi né duge ing dung dudi ddng thiét bi ¢6 tén 1a Hexapod
" dé tao ra mdy cong cu 5 truc CNC ¢6 truc ao. Hexapod 1a mot modun
RBSS duge két cau trén nguyén ly co cau Stewart. Co cdu nay gém ¢6 6
chan, véi do dai thay déi duge, néi véi gid vd tdm dong (movmg
platform) déu bang céc khdp cdu. Bing cdch thay déi do dai cha céc
chan, ¢é thé diéu khién su dinh vi va dinh hucmg cua tdm dong theo y
mudn. Stewart dd dé xuit sit dung co cdu niay dé mo phong hoat dong cia
thiét bi bay.

Nhu di biét, mdy cat got CNC 3 truc khong dép (ng duge céc yéu
cdu gia cong chinh xdc cdc bé mat phirc tap. Vi the xuat hién nhu ciu tao
ra cac mdy CNC 5 truc, tic 14 ngoai céc truc X, Y, Z b6 sung thém 2 truc
quay ¢4 thé thuc hién duge trén bin mdy mang vat gia cong hodc trén gia
dd truc dung cu cat. Cic mdy CNC 5 truc ndy rdt dit tién, gan gap doi
may CNC 3 truc. Néu st dung co cau Hexdpod d€ tao ra céc truc hoac tao
ra cac tryc bd sung thi gid thanh mdy CNC truc 40 nay c¢6 the he H.dp
nhiéu lan.

Ngoai cdc (ing dung trong nganh ché tao mdy cong cu RBSS con

duge dp dung hiéu qua trong dung cu y hoc, trong hé théng mé phong,
trong thi€t bi thién van, tric dia va trong k§ thuat phdng khong v.v.



1.4.5. Cac xu thé dng dung robot trong tuong lai.

Robot ngay cang thay thé niién lao ding

& day chi dé cap dén robot cong nghiép. Trong wong lai k¥ thuat
tobot sé tan dung hon nifa cdc thanh tu khoa hoc lien nganh, phat uién
ca vé phan cing, phin mém va ngay cang chiém linh nhién "tran dia”
wong cong nghigp. S$6 lugng lao dong dugc thay the mgay cang nhiéu vi
mot mit gid thianh robot ngly cang gidm do hang vi dién tir giam gid lién
tuc. mat khic chi phi tién luong va cac Khoan phu cap cho ngudi lao dong
lai cang tang.

Robot ngay cang trd nén chuyén ding

Khi robot cong nghiép ra doi ngudi ta thudng cd ging 1am sao dé
bidu thi hét khd nang cua né. Vi th€ xuat hién rat nhiéu loai robot van
nang cé thé lam dugc nhiéu viee trén day chuyen. Tuy nhién, thuc (& san
xuat chimg to rang, cdc robot chuyén mon hoa don gian hon, chinh xdc
hon hoc viéc nhanh hon vi quan trong la ¢& tién hon robot van nang. Cac
robot chuyén dung hién dai déu duoc cau thanh tir cdc mddun van nang.
Xu thé modun hod két ciu robot ngdy cang phat trién nham chuyén mon
ho# viéc ché tao cdc modun Vi 1t cac modun d6 s€ cau thanh cac kiéu
robot Khic nhau thich hop cho timg loai cong Vvigc.

Robot ngay cang ddm nhdn diegc nhidu logi céng viéc Iip rdap

Cong doan lip rdp thuong chiém 1y 1& cao so v6i tong thoi gian
<in Kudl trén toan bo day chuyén. Cong vice khi lip rap d6 lai doi hol
phii rat can thin, khong ducc nhim l&n, thao tic nhe nhang, tinh & va
chinh xdc nén cdn c6 thg tay nghé cao va phai lam viéc cing thing sudt
ngay.

Kha nang thay th¢ ngudi lao dong ¢ nhiing Khau lap riap ngay
cang hién thyc 1 do da dp dung duge nhiéu thanh tyu mdi vé khoa hoc
trong viéc thiét ke, ché tao robot. Vi du tao ra nhing c4u hinh don gian va
vit chinh xéc trén co 53 sit dung cdc vat lieu méi vira bén, via nhe. Trong
do nén ké dén cdc loat robot nhu Adept One, SCARA, v...v. DPdng thai do
duoc thita huong sy phat trién k¥ thuat nhan va bién d6i tin hidu (sensor).
dac biet 12 ky thuat nhan va xua 1y tin hiéu Anh (vision) cling nhu K§ thudt
tin hoc véi cdc ngdn ngil bac cao, robot céng nghiép da c6 mat trén nhiéu
cong Aoan 1ap rap phic p.

Robot di dong ngdy cang ird nén phé bién
Trong cdc nha mdy hién dai tén goi phuong ti¢n dan dudng tu

dong AVG {Automatic Guided Vehicles) da trd thanh quen bigt. Leai don
eidan [a nhimg chiée xe van chuyén trong nol bo phan xudng dugc dicu

khién theo chuong trinh véi mot quy dao dinh sin. Cang ngly céc thict bi
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loai nay ciing ducc hién dai hoa nho dp dung k¥ thuat vision ba chiéu,
k¥ thuat sensor tin higu xa, k¥ thuat théng tin vo tuyén hodc ding tia
hong ngoai v...v. Vi vay AGV da ¢ thé hoat dong linh hoat trong phan
xuong. D6 [a nhing robot di dong va con goi la robocar. Mot hudng phat
rién quan trong cba robocar 14 khong di chuyén bang cic banh xc ma
bang chan, thich hop vdi moi dia hinh.

Robot di dugc bang chan ¢6 thé tu leo bac thang 1 mot dai tugng
dang dugc rat chd ¥ trong nghién citu khong phitng dinh huéng st dung
trong cong nghiép hat nhan hoac trong k¥ thuat quéc phong ma ngay ca
trong cong nghiép dan dung thong thudng. O day viéc tao ra ciéc co cdu
chap hanh co khi bén viing, nhe nhang, chinh x4c vh linh hoat nhu chan
ngudi lai 12 d6i tuong nghién ctu chu yéu.

Robot ngay cang trd nén tinh khidn hon

Tri khon nhan tao 13 mot van dé rat duge quan tdm nghién ciu vai
cic muc dich khdc nhau. K§ thuit robot cing timg budc dp dung céc két
qua nghién ciu vé tri khon nhan to va dua vao (ng dung cong nghiép.
Trude hét [ st dung cdc hé chuyén gia, cic hé thi gidc nhan tgo0, mang
noron vi céc phuong phdp nhan dang tiéng noi v.v... Cung véi nhitng
thanh tyu méi trong nghién ciu vé wi khon nhan tao robot ngay cang co
kha nang dam nhan duge nhiéu nguyén cong day chuyén san xuit doi hoi
sur tinh khon nhat dinh.

Vin dé thiét bi cam bién duge nhiéu nganh k¥ thudt quan tam Vit
cling dat duoc nhiéu thanh ty mdi trong thoi ky phdt trién soi dong coua k¥
thuat vi xit ly. D6 ciing 1a diéu kién thuin lgi cho viéc ap dung chiing
trong k¥ thuat robot nhim tang cudng kha nang thong minh cla thiét bi.

Nhirag loai hinh dugc quan tam nhié¢u trong cong nghiép la cic
robot théng minh ¢6 cdc modun cam bi€n nhan biét duogc khoang cdch dé
tranh vat cin khi thao tc, cim bién nhén bi¢t dugc mau sac khi phan loal.
cam bien duoe luc khi lap rdp v.v. Khi duge lap thém cdc modun cam
bién nay robot dwgc goi nhiéu tén maéi, vi du, rohot "nhin dugc” {vision
robot), robot lap rdp (assembly robot). robot ¢canh bio (alarm robot) v...v.

Pé thong minh hod robot bén canh vige cii dat bo sung céc
modun cam bign "noi tin hiéu" v cdc modun cam bién "ngoai tin hiéu”
thi déng thdi ¢ thé thong minh hod robot bang cic chuong trinh phan
mém c6 kha nang tu thich nghi va tu x{r 1 cic tinh huong v...v.

Nhu vay bang cich bé sung cdc modun cam bién va cdc modun
phian mém phi hgp ¢ thé ning cdp cai tién thong minh hod nhiéu loai
robot. Tuy nhién ban than cdc robot nay phai ¢o cdc co ¢au chap hanh
linh hoat va chinh xdc. Ngdy nay ¢6 nhiéu loai robot thong minh khong
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nhimg cé thé lam viéc trong céc phan xudng cong nghiép ma con thao
tac duge & bén ngodd, trén cdc dia hinh phtic tap nbu céc loai robot vil tru
(space robot), robot tu hanh (walking robot), robot cin cau (robocrane),
tao dung tir cdc modun robot song song v...v.

1.5. TINH HINH TIEP CAN VA UNG DUNG ROBOT
CONG NGHIEP O VIET NAM.

Trong giai doan trwdc nam 1990 hau nhu trong nudc hoan toan
chua du nhap vé k¥ thuét robot, tham chi chua nhan dugc nhiéu thong tin
k¥ thuat vé linh vuc nay. Tuy vay, vdi muc tieu chi yéu 1a ti€p can k¥
thuit m&i mé nay, trong nudc 43 trién khai cdc dé tai nghién cu khoa
hoc cap nhi. nude: DE tai 58.01.03 trong giai doan 81 - 85 va dé tai 52
B.03.01 trong giai doan 86 - 89. Keét qua nghién cu cua cac dé tai nay
khong nhiing ddp dng duoc yeéu cdu tiép can ma con cd nhiing tmg dung
ban dau trong k¥ thuat bao h¢ lao dong va phuc vy cong tac dao tao can
bo k¥ thuat & nude ta.

Giai doan tiép theo tir nam 1990 cdc nganh cong nghiép trong
nude bit dau duge déi méi. Nhiéu co s& da nhap ngoai nhiéu day chuyén
thiét bi méi. Dac biét 1a & mot 6 cg s& lien doanh véi nude ngoai da nhap
ngoai nhiéu loai robot phuc vu céc cong viéc sau day:

- Thdo lap cdc dyng cu cho cAc trung tim gia cOng va Cac may
CNC. '

- Lap rap cac linh kign dién tir.

- Thio san phdm & cdc mdy ép nhua tu dong, trong d6 c6 loai thao
tac phéi hop véi hé théng gidm sat. diéu khién bang camera.

- Han vo xe 06t6.
- Phun phii céc bé mat v.v.

Tuy nhién con ¢6 hang chyc co s&f trong nudce lic mua day chuyén
di khong nhap céc robot co trong danh muc cac thiét bi cua day chuyén
chao hang. Trong d6 c6 mot s co s da nhan ra nhu cdu 13 phai ¢ robot
méi dam.bao ducc chat lugng san phim cia day chuyén nhu thi€t k&. Vi
vay di xut hién cdc nhu cau bd sung cdc robot do.

Mot su kién ddng dugc quan tam 14 tr thdng 4/98 Nha mdy
Rorze/Robotech da budc vao hoat dong & khu cong nghiép Nomura Hai
Phong. Day 1a nha mady diu tien & Viet Nam ché tao va lap rap robot. bé
13 loai robot c6 c&u tric don gian nhung rat chinh xdc dung trong sén xuat
chit ban din. Nha mdy Rorze Robotech ¢6 von dau tu 1a 46 tricu 4o la
M# do Nhat Ban dau tu.
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Trong nhiing nam gan day Trung tam Nghién ciu Ky thuat (NCKT)
Tu dong hoa, truong Pai hoe Bach khoa (DHBK) - Ha Noi da nghién ciu
tinh todn thiét k&€ mot kiéu robot mdi, }\y hiéu la Robot RP. Robot RP thuoc
loai robot phonn sinh (bat chude co cau tay ngudi). Su khdc bi¢t cua robot
nity vai cic kiéu robot phong sinh khdc la ¢ day dung co cau p.nnoﬂldph VO
2 con trugt dan dong lam modun chi yéu cta co cau tay may. Ciing vi the
robot nay dugc ky hiéu vén tat [a RP. Hién nay di ché tao ra hai mau: Robot
RPS — 406 diing dé phun men, ¢6 h¢ thong truyén dan thay luc véi 5 bic
do va Robot RPS — 4102 dung trong cong nghé bé mat, ¢ 6 bic tu do. 3
dong co dlén 1 chiéu va 3 dong co budc.

Trén hinh 1.15 1a anh chup Robot RPS — 406 va trén hinh 116 la
robot RPS —4102.
ﬁ‘

Hinh 1.16. Robot RPB - 410

Co ciu chip hanh clia Robot RPS — 4102 ¢6 6 bac ty do, chia thanh 2
nhom: nhém 3 bac tu do thi nhat goi 1a nhém 3 (1), giong nhu trong Robot
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RPS — 406, nhung ¢ nhom 3 (2) thi khic, o day dung modun truyén
dongvai dong co bude dé hinh thanh cdc chiic nang cha co tay.

Trén hinh 1.17 la anh chup cic Robot SCA mini do Trung tam
NCKT Tu dong hoa, DPHBK — Ha Noi thiét k&, ché tao cung (,?{p cho mot so
truong, cht yéu dung dé giang day, hoc tap, nhung déng thoi ¢6 thé sir dung
de lap mp hoac sip xép cdc vat nho dudi | kg.

Hinh 1.17. Robot SCA mini

Cic san phadm gi6i thiéu trén hinh 1.18, hinh 1.19 va hinh 1.20 cling
do Trung tam NCKT tu dong hod, PHBK - Ha Noi thiét k¢, ché tao.

Hinh 1.18 la robocar cong nghiép, phuc vu trong phan xuong. N6 ¢o
kha nang tw dong nhan biét duong di chuyén, tu dong phdt hién v xi IV khi
¢dip chudng ngai vat. Ngoai kha nang di chuyén trén san né ¢on ¢o 4 bac tu
do thao tdc, dang cong gép theo chuong trinh.

Hinh 1.18. Robocar phuc vu trong cdc phan xudng
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Hinh 1.19 ¢6 the xem 1a mot dang robocar tng dung cho thuong
benhr binh, nguoi tan tat hoac 6m dau. Trén tay ghé ¢6 cdc ndt dicu khidn
theo 2 ¢hé do “manual™ hodc “automatic”. Tuy theo yéu cau ¢6 thé trang bi
them he thong phat hién va xtr 1y khi gap vat can duong.

Hinh 1.19. Xe lén dién chay tu dong N

Hinh 1.20 Ia robocar “chir thap d6” ¢6 thé wr dong di chuyén theo
hanh trinh dinh trudc, biét xu 1y khi gap chudng ngai hoac bi¢t di chuyén véi
khoiang ciach khong déi doc theo tuong chan. Co cdu tay mdy 2 bac tu do
gitp di chuyén trong khong gian dau phun hod chat sat trung dung trong y

[gh

.
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Hinh 1.20. Robocar chit thap dé

Song song véi viéc thiét k€, ché tao cic robot noéi trén, tai Trung tim
NCKT tu dong héa, DHBK — Ha Noi, da thanh cong trong viéc nghién cuu
xay dung cdc thudt todn moi dé xay dung chuong trinh tinh t6an diéu khi¢n
robot, xay dung phuong phép tu dong thiét lap va giai cdc bai téan dong hoc
trén co sO ding MATLAB. Trén hinh 1.21 1a man hinh chuong trinh tu dong
thiét 1ap phuong trinh dong hoccua robot.

Ngoai ra Trung tam NCKT ty dong hoa, DPHBK — Ha Noi, con ti¢n
hanh xay dung “thu vién” cic mo hinh dong cua robot trong may tinh. Cic
robot naty khong nhudng dugc thi¢t ke theo thong s0 ky thuat cua cic co s0
sin xudt, ma con duoge xdy dung chuong trinh mo phong hoat hinh va
chuong trinh di¢u khién ching. Véi cic chuong trinh nay c6 thé trinh dicn,
~ 0i6i thi¢u véi khich hang vé su hoat dong cua cédc robot méi duoc thiét ké
mdi. Qua dé ciing c6 thé trao ddi, hi¢u chinh thiét ké theo yeu céu.

Trén hinh 1.22 13 man hinh mo phong hoat hinh robot RPS — 406
dang phun men, hinh 1.23 — Robot RPB — 4102 phuc vu nhiét luyén t6i cao

tan. trén hinh 1.24 — Robot SCA mini dang x¢€p hinh va trén hinh 1.25 mo
phong hoat hinh Robot song song (RBSS).
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ha tran A(4)

+C4 -S4 0 O
+54 +C4 0 O
0 0. 1 d4
0 DEO:

*|Nx= cos(qi1+q2-q4)
Ny= sin{q1+g2-q4)
- {Nz=0
{5x= sin(q1+g2-q4)
Sy= -cos{q1+q2-q4)
{5z=0
A= 0
Ay=0

=1
Px=a2*C12 + a1*C1
Py=a2'512 + a1*S1

Hinh 1.21. Man hinh chuong trinh tu déng
thiét lap phuong trinh déng hoc cta robot

Hinh 1.22. M6 phéng hoat hinh Robot RPS - 406
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Hinh 1.24. M6 phéng hoat hinh Robot SCA mini
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Hinh 1.25. Mé phdng hoat hinh RBSS

Trong [34] da trinh bay phuong én tao ra loai robot n bac tu do
bang cach ghép ndi ti€p cic “khdp co sinh”. Ban than cac “khép co sinh”
nay la cic modun RBSS. Loai robot nhiéu bic tu do nay linh hoat nhu con
ran va ¢6 the goi tén 1a “con ran RBSS”. Trén hinh 1.23 1a hinh mé phong

“con ran RBSS”. N6 c6 thé tim duoc nhiéu (ng quan trong nhu thao tac
dudi duong ham, trong 6ng ngam v.v..

Hinh 1.26. Hinh mé phéng “Con rdn RBSS”

33



CHUONG I1
CAU TRUC. VA PHAN LOAL ROBOT CONG NGHIEP.
2.1. CAC BO PHAN CAU THANH ROBOT CONG NGHIEP

Trén hinh 2.1 gi6i thiéu cdc bd phan chi y€u cla robot cong nghigp
loai théng thuong, '

Tay mdy gém cidc bo phin: d€ 1 dat ¢ dinh hodc gan lién vé6i xe di
dong 2, than 3, cdnlt tay trén 4, canh tay dudi 5, ban kep 6.

Bén trong hodc & bén ngoai tay mdy cdn dit nhiéu bd phan khéc nia:

Hé thong truyén din dong 6 thé 1a co khi, thuy khi hoac dién kbi, la
bo phan ch yéu tao nén su chuyén dich & cic khdp dong. Trong chuong 1X
s& khao sat cac thi¢t bi truyén dan dong nay.

Heé theng diéu khién ddm bao sy hoat dong cha robot theo cic thong
tin dat trude hodc nhan biét duge trong qud trinh fam viéc. Trong chuong
VI van dé nay s& duge dé cip dén.

| Cam bi€
ngoal
tin hiéu

He théng |
- diéu khién

|

== ]
M4y tinh Dung cu
(E&H o — — thao tic |
o t ng ] > o S J
. truyén \1 \2
l din déng J

Hinh 2.1. Cdc bo phan cdu thanh robot

Hé thong cam bién tin hién thye hién viéc nhan biét va bign doi thong
tin v€ hoat dong clia ban than robot (cam bi€n noi tin hiéu) va clia moi
trudng, déi twong ma robot phuc vu (cam bién ngoai tin hi¢u). Trong chuong
X1 s& trinh bay vé cic thi€t bi cam bién.

Céc thong tin dat trude hoac cam bién duge s& dua vao hé thong dicu
khién sau khi xtr Ii bing mdy vi tinh, 1éi tic dong vao hé thong truyén dan
dong cua tay mdy.
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Truc tigp lién h¢ véi ban kep la cac dung cu (tools) thao téc véi méi
trudng va doi tegng lam viée.

Hinh 2.2. Vi du vé cdc két cdu madun.

Céc bo phan ndi trén ngay nay thudng dugc két cau theo nguyen tac
modun hod. Hirh 2.2 fa mot vi du vé két cau cia robot. Bat trén d€ dich
chuyén ducc theo phuong X 14 phin than cot quay duoc vdi géc ¢. Truot theo
phuong 7. doc tryc than ¢ot la than gid, mang trén minh cénh tay ngang. Trén
canh tay ngang ndy, tdm vGi cla tay ¢6 thé thay doi trong khoang 1, déng
thoi ¢6 tay ¢6 thé quay mot géc o.

Trén hinh 2.3. a la robot Cincinnati Milacron - Dainichikiko (My -
Nhit) 6 thé ty dong thay dyung cy thao tic ding bé phan chudn hoa hinh
2.3b. Céc dung cu thay thé m6 td trén hinh 2.3c lan luot 13: ban kep chan
khong, dd mai, ban kep 2 ngén, sting phun son hoic ddu han hoi, 8¢ viin, mai
khoan, doa bong v...v.

2.2, BAC TU DO VA CAC TOA PO SUY RONG

Robot cong nghiép 1a loai thigt bi ty dong nhiéu céng dung. Co cau
tay mdy cua chiing phai duoc cau tao sao cho ban kep gitt vat kep theo mot
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Hinh 2.3. Robot ¢6 dung cu thao tdc thay thé dugc

huéng nhat dinh nao dé va di chuyén dé dang trong ving lam viéc. Muon vay
co ciu tay may phai dat dugc mot s6 bdc fie do chuyén dong.

Thudng thudng cdc khau cha co cdu tay mdy dugc ndi ghép véi nhau
bang cic khdp quay hoac khop tinh tién. Goi chung chiing la khdp dong. Cac
khdp quay v khdp tinh ti€n déu thudc khép dong hoc loai 5, nhu da biét
trong gido trinh “Nguyén 1y may”. Trong co cdu tay mdy céc khau néi lién
tiép v6i nhau goi 1a co cau ho va thong thudng mdi khau dong gan lién véi
ngudn dong lyc rieng, cho nén d6i v6i cac loal co cau dung cdc khép dong
loai 5 thi 36 bac ty do clia co ciu bang s6 khau dong. :
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Trong trudng hop chung ¢6 thé tinh todn s6 bac ty do theo cong thic
théng dung trong Nguyén 1y may:

3
\N=6I’I—Z:ipi (2.1)

1=l

n - s0 khiu dong.
p, - 50 khap loai 1.

Vi du, doi vt co ciu so d6 tay ngudi (hinh 2.4) ¢6 3 khau dong: khép
vai (gitta khau O va khéu 1) va khdp c6 tay (gilta khau 2 va khau 3) 13 céc
khép cdu p,, con khép khuyu tay (gida khau 1 va khau 2) 1a khép quay ps.
Nhu vay theo cong thitc (2.1), s6 bic tu do ciia ¢o cau so dé tay nguot W =17,
Ngudi ta quy ude [a 56 bic tr do clia co cdu tay mdy 14 khong k€ dén cdc
chuyén dong déng md cia ban kep.

Nhu vay, doi véi co cdu hd, 6 bac ty do cla cd cfu bang téng s6 bac
trr do cua cic khép dong. '

Hinh 2.4, Co cau so dé tay nguoi

Hinh 2.4 chi la co cdu 50 d6 tay ngudi, con ban than tay ngudi phic
tap hon nhiéu va cé dén 27 bac tr do nén thao tic vo cung tinh xao. Khi mdi
ra doi, cdc robot dau tien duge thict k€ bat chudc tay ngudi khong chi vé
cong dung ma ci vé hinh ddng bén ngoai. Nhiéu loai tay mdy xudl hién sau
nay lai rong khong giong tay ngudi nita nhung vin thuc hien duge cdc
chuyén dong trong khong gian nhu lay nguoi. ‘

Trong [34} dd dua ra khdi niém vé "khdp dong co sinh". Co cau tay
may c6 # khau dong n6i véi nhau bang cdc khdp dong co sinh nay 12 ¢o cau
tay mdy phong sinh & dang toéng qudt nhat. Tir trudng hop tdng qudt ndy c6
thé suy ra cic truong hop riéng nhu trrdng hgp cé cic khép dong theng
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thudng, trudng hop ¢d cdu ¢6 mot hode vau khau khép kin, truong hop dé goi

i O cAu tay mdy song song v...v.

Trong cdc so do dong ctla
robot céng nghiép thudng gap,
cic khop dong déu la khdp quay
hoac khép tinh tién. Teén hinh 2.5
iovi du vé so dO cua mot tay
T

Cic cau hinh khac nhau
cla co cdu tay mdy trong ting
thoi diém duoce xdc dinh bang cic
do dich chuyén géc hodc d¢ dich
chuyén dai cta cdc khép dong
hoic khdp tinh tién.

Cdc d6 dich chuyén tic
" thén d6, so voi gid tri ban dau nao
dé 1y lam mdce tinh todn, duge

Hinh 2.5. So dé déng ctia mat
tay may toa do suy réng.

ool la céc toa d§ suy 16ng (generalized joint coordinates) trong nhiéu tar
licu k¥ thuat vé robot cong nghiép. O day nguoi ta con goi ching 1a cic gid-

i bién khdp (joint variable).

So dé dong trén hinh 2.5 ¢d 6 khdp dong loai p.. {itc ¥a c6 6 bic ty do.
Trong 6 do dich chuyén ¢, dén g, tic 1a 6 bi€n khdp (hoac 6 104 do suy
rong), chi ¢6 g, 12 do dich chuyén cila khép tinh tién gitta khau 2 doi vdi
khiu 1, con lai 14 cdc dich chuyén géc cla cic khdp quay.

Trong truding hop chung ta goiq, i =1, ... nlacic bién khdp {toa do
suy 10ng) cla co cau tay mdy va biéu thi bang: '

q;=50,+(1-8)5

vl

1, déi véi khop quay

0, doi véi khdp tinh tién

(2.2)

0, - do dich chuyén géc cia cdc Khdp quay

S. - do dich chuyén tinh ti¢n ciia cic khop tinh tien.
2.3, NHIEM VU LAP TRINH PIEU KHIEN ROBOT

1) Binh vi va dinh hudng L ,ﬁu,m tac dong cudn”.
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Khau cudi cang cla co ciu tay mdy thudng la ban kep (gripper)
hoae la khau gan lién véi dung cu thao tde (tool). Didm mit cia khau cuéi
cing la dieém ddng quan tam nhat vi d6 1a diém tic ddng cuu robot én déi tic
va duoc goi 1 "diém tac dong cudi” (end - effector). Trén hinh 2.6 diém E [a
"diém tde dong cudi” khi ban kep la khau cudi va khi dung cu thude vé khau
cuol.

Hinh 2.6 Pinh vi va dinh hucng tai 'diem tdc dong cusi”

Chinh tai "diém dc dong cusi” E ny can quan tam khong nhiimg vi
il no chiem trong khong gian lim viee ma ca hudng tdc déng cta khau cusi
do. Vit cha diem E duoc xdc dinh bang 3 10a do Xgs ¥ 2 trong hé toa do
c6 dinh. Con hudng tic dong ctia khau cudi ¢6 the xde dinh bang 3 truc x_,
Yo« Z, gn lién v6i khau cudi tai diém E, hoiic bang 3 thong s6 géc «, B, y nio
do.

Gid i cua 3 toa do X, yp. 2. va 3 thong s6 gée . B, y déu phu thuoc
vao gid trt cdc bign khép q, cta co cau tay mdy.

2) Lap trinh diéu khién robot cong nghiep

Teén hinh 2.7 mo td mot so do lap trinh dicu khién robot,cong nghiép.
Khi robot nhan nhiém vu thuc hi¢n mot quy trinh cong nghe nao dag, vi duy.
"diém tdc dong cusi" E phdi bim theo mét himh trinh cho frude. Quy dao
hanh trinh nay thudng cho biét trong h¢ toa do Dé cic x,. v, z, <6 dinh. O
moi vi tri ma diém E di qua xdc dinh bing 3 toa do dinh vi x,. Vi 7 Va3
thong so goc dinh hudng «, B, v. Tir cic thong s6 trong toa d6 Dé cdc d6 tinh
loan cde gid tf bign khdp q, wong tng véi moi thot dién 1. £ B noi dung
bai todn dong hoc nguoe sé trinh bay trong Chuong V. Mdy tinh . .¢ gidp
giai bai todn nguoce dé. Rai theo cdc gian do bien déi g, (1), chuong trinh diéu
khién téc dong vio co ciu robot qua céc he thong tro dong chap hanh nhu: bo
bicn doi va khuyéch dai tin hiéu, cdc van, ¢éc cong tic hanh : “nh v, v,



Qu¥ dac trong hé toa do
BPé cac
(Xc. Ve. Zeo 0L B ¥)

[ .

Bi¢n déi i toa do DE cac q,
sany loa do bién khdp q; | Ny
|  Chuwnewinhdidukhién | | - Ty

‘——‘_’l He trgr dong chép hanh ©
.-\.*'—H

) Céc gian d6 Bi¢n doi g
©

= Quy trinh cong nghg I

Hinh 2.7. So dé lap trinh diéu khién

2.4. HE TOA BO VA VUNG LAM VIEC

1) He toa do.

Cic chuyén dong co ban cta tay mdy cd thé hoat dong trong cac hé
toa d9 khic nhaw:

Hé toa dé tru. Robot Versatyan ciia Hang AMF (Hoa Ky} la mot
wong nhiing kieu robot xuat hién diw tién wen the g1, cang ¢6 chuyen dong
¢ ban hoat dong trong hé toa do tru nay.

Trong s6 nhicu loai robot cai lien Versatran, ¢é robot Fanue M (Nhat
Ran) gidi thi¢u trén hinh 2.8. Tren than d€ ¢é than tru quay goc 6. Chuyén
dong thing ding theo chiéu Z va chuyén dong hudng kinh R dugce thyc hién
bing cac bo truyén vit dai 6¢ bi. Phin ¢6 tay dugc thiét k€ dé thyc hién cic
gOc quay o, 3 vay xung quanh 3 tryc vuong goc.
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Hinh 2.8. Robot Facnuc M hoat déng theo hé toa dé tru

Hé toa do cau. Loai robot cd cic chuyén dong ¢o ban hoat dong
trong hé toa do cau, dién hinh li loai Unimate (cua Hoa Ky) va cdac bién
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Hinh 2.9. Robot Universal - 15 hoat déng theo hé toa dé cau.

LY
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thé cia nd nhu 1a Kawasaki, Mitsubishi (Nhat Ban, Hoa K1), Prab, Stantord
(Hoa Kv), Universal (Nga} v.v... Trén hinh 2.9 13 so d6 robot Universal - 15.
Cic chuyén dong co ban gom: quay trén ¢, nang nghiéng géc 8 v tinh tién
fudng kinh. Ngoai ra con 2 chuyén dong véi goc xoay e va f & phin co tay.

Hé toa dé vuong
goe. Doi véi cdc Joat robot
hoat dong trong hé toa dd
vuong gbe, cdc chuyén
dong co ban la cdc chuyén
dong tinh t&n doc theo cac
rruc X. Y, Z. Trén hinh
2.10 14 robot cua Hing
Shin Meiwa PW 732 (Nhit
Bin) ding d¢ han ho
quang. Ngoai cdc chuyén
dong co ban. thiét bi dau
ban ¢é theé quay vai géc ¢
xung quanh mot tryc léch
tam  va cé6 (h¢ xoay

nghiéng goc o.

Hinh 2.10. Robot Shin Meiwa PW 752 hoat
" déng theo hé tog do vudng goc

Hé toa do goc (hé toa do phong sinh).

Day 12 hé toa do duge dung nhiéu hon ca. Ba chuyén dong co ban
diu tién déu thuc hién cdc gdc xoay (cde goc @, B.vd B, trén hinh 2.11), tic
Ia cic chuyen dong co han duge xdc dinh bang 3 goc xoay trong hé toa dd
géc. Ngoai than quay vdi goc o. phin con lai la- canh tay, -gom. cdnh
tay trén quay vai goe By cénh tay dudi quay voi goc B, goc lic ban tay 3, va
2 gbe quay ¢o tay o, va ¢, Tatca phan cdnh tay déu nam tréen mal phang
thing ding nén cdc tinh toan co ban déu 1a bai todn phing. Khi mat phang
nay quay di gée ¢, ban kep <o thé dat 161 bat Ki vi trf nio trong viung lam
viée, Uu diém néi bat cha céc loai robot hoat dong theo hé toa do phong sinh
[a gon nhe, tic 1a ving than tdc tuong dai 16n so vér kich ¢f clia ban than
robot.
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Hinh 2.11. Robot hoat déng theo hé tog dé phong sinh.

Trong s& cdc loal robot hoat dong theo hé 10a do phong sinh nén ke
dén céde loai nhw Puma cua Hiang Unimation - Nokia (Hoa Ki - Phian Lan).
IRb-6, IRb-60 ASEA (Thuy Pién), GDA - EKE (Puc - Phan Lan), Tosman -
Toshiba, Mitsubishi, Mazak {Nhit Ban), Kuka (Bic), Cincinnaty Milacron
(Hoa Ki - Nhat Ban) v.v... Trén hinh 2.12 1a Robot Puma 760 vé1 he tog do
phong sinh.

Hinh 2.12 . Robot Puma 760 véi hé toa do phong sinh.

2) Ving lam vi¢c

Ving lam viéc clia robot 12 khodng khong gian ma nd ¢d thé thao tic
duoc.

e
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Trén hinh 2.13 mo ta ving 1am viée cla cdc robot IRb-6 va IRb-60
cta Hing ASEA. ngay nay dd hop nhat thirh Hing ABB.

A A

B ¢ D

D 1159 670 289 200
1280 989 400

2288

&

b

%
7

)/

I I} G
1620 1130 314 mu
50 1600 O mm

Hinh 2.13. Ving lam viéc clia Robot IRb-6 va {Rb-60

Hing Yaskawa (Nhét Banm).

20077) 15,

159 459
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b

Trén hinh 2.14 1A ving lam viéc cua Robot Motoman cla

Hinh 2.14. Ving lam viéc cla robot Motoman



St da dang cla sdn xudt di thic ddy su ra doi nhiéu loai robot méi
ké cd cic hé toa do méi, khong hoan todn giong nhu cdc hé toa do di ké tren.
Vi du, trong nhitng nam 80 da xudt hién mot loai robot méi cia Nhat Ban,
vor tén goi la SCARA (Selectively Compliant Articulated Robot Arm) - tay
nidy mém déo iy §. Loai robot niy thuding ding d¢ lip rdp, nén SCARA doi
khi lai duge grai thich 13 ur viet it cha "Selective Compliace Asscmbly
Robot Arm". Cau tric dong hoc cla loai robot nay cling ¢é thé xem nhu
thuoc he toa do phong sinh. chi c¢é khic [a cic truc quay cua cic khdp dong
déu thing diing.

Hinh 2.15. Robot Skilam vé cde vung lam viéc
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Ngay nay ¢6 nhi¢u loai robot & bién thé cua SCARA. vi nhu robot
Skilam (Hang Sankyo Sciki - Nhat Ban). Adept - One (Hoa Ki). Sony, Nam
Robo (Hang Nahanishi - Nhat Ban) v.v... Trén htinh 2.15 loai robot Skilam cé
0 do dong (hinh 2.15b) v cde ving lam vice khi quay phai, quay irdi hodc

quay ca hai phia,

Trén hinh 2.16 gidi thiéu mdt trong 3 loai robot duge nghién ciiu,
thict k&, ché tao tat Trung tim Nghién cdu K¢ thuat Tu déng hod, Dai hoc
Biach Khoa - Ha Noi. Loat robot nity ky hi¢u ta Robot RP. Chit P d¢ chi dac
dicm & day sit dyng co ciu Pantograph ¢é 2 con trugt din dong nhu mot
modun ¢o cau tay mdy chudn hod. Goi day 13 modun chudn hod vi tir d6 ¢6
thé tao dung nhiéu kiéu co cau tay may khac nhau.

Loal hinh co
ciu lay may nay céd
cédc uu diém sau:

- C6 the bo
tri nguon dong luc
gan  vd than tay
mdy nhimg vin dam
bio chuyén déng
doc lap cua  cic
khidu chap hanh.

- bam bao
don gtan vé két cdu,
linh hoat vé cau tric
vi nho gon vé kich
thusce.

- Dé& dang
gill caAn bang & cdc
vi tri khdc nhau va it
tiéu hao nang lugng.

- D& tinh
todn diéu khién do
¢d thé thuc hién dé
dang cdc chuyén
dich cdc con truot
riéng ¢ va do cdc
bal toian dong hoc

déu c6 thé dua vé bai

toan phang.
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Hinh 2.16. Robot BP



Trén hinh 2.17 gi6i thiéu Robot SCA mini. do Trung tam NCKT tu
ddng hod, DPHBK - Ha Noi thi€t ke, ¢hé to. Robot SCA mini ¢é 4 bac tu do
chuyén dong. duge thuc hién bang cdc dong co bude.

2.5. CHI TTEU PANH GIA VA CAC THONG SO KI THUAT

)¢ cde co ciu tay mdy hoat dong linh hoat tic 12 ¢6 thé thuc hién dugc

e — oo -

Hinh 2.17. Robot SCA mini
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dé& dang cic chuyén dich mudn miu muon vé, ching can phai ¢6 mot 0 béac
w do chuyén dong can thiét, Nhir da bi€t. v6i cac cd ciu tay may dung cac
o ciu ho khong glan €6 cdc khép dong toai 5 thi s6 bac nr do bang 6 khau
dong. Khi ting s0 bac ¥ do 1tc 1a tang 58 khau dong vh 1ang s0 thi€t bi dong

lue cho cdc khau dong d6 nén sC tang Ao phiic tap ve két cau va ché tao. Van

dé dat ra 1 khi cung 56 bac wy do ¢ thé chon lya ca cau tay mdy nao dam
bao tinh linh hoat cao hon.

Tinh linh hoat cua o cau tay méy 1a mot chi tiéu tdng hop dugc thé
hién qua cdc yeu 16 sau:

i) Do co dong cua cd cau

Nhu d3 triinh bay ¢ phan trén. & méi diém ciia qu§ duo vi i va dinh
hudng tal "diém tac dong cusi” E ctia canh tay robot dugc x4c dinh bang 6
toa Ao Xy, Yie L & P, v. Trong tac mbi ciu hinh ca co cdu tay mdy dugc xac
dinh bang n gid tri bicn Khdp q; - G SO bac W do n cha co ciu tay may cé
thé bang hodc khac 6. Cé thé xay ra 3 truong hop sau:

_Néu 1 = 6, khi di¢m E thue hién di chuyén nho 8X,.. By 0Zis. Ooo O hs
&, sang mot vi u{ mai ndo dé, thicd thé xac dinh 8q,., ... 8¢, Mot céch don trt.

- Néu n < 6 thi khoéng phai lic nio diém E cling dat t6i vi i voi dinh
hudng nhu yéu cau dugc.

_Néu n > 6 thi c6 nhicu 103 giai 4€ di¢m E dat t6i vi i voi dinh
huéng dd yéu cau.

Hiéu 6 n - 6 = m dugc poi [ do co dong ctla ¢o ciu tay mdy. C6 thé
x4c dinh do co dong m bang s bac i do con lai cla co cdu néu giir ¢o dinh
ban kep lai. Vidu, trong {rudng hgp co ciu hinh 2.4 néu ban kep kep vat avi
i 6 dinh, tic 12 Khau 3 §& 10 nén co dinh va s khau dong con lai 1a 2. Tinh
theo cong thiic (2.1) lic nay co c4u con lai 1 bac tydo (w= ).

Sy tan tai dg co dong (m>1) 1a c6 lgi vi khi d6 co cau tay mdy cd the
dat t&1 dich voi nhiéu phuong an khac nhau. Pidu dé cang quan trong nhét a
khi moi trudng lam viéc o6 cac chudng ngai. Tuy nhién dé c6 do co dong
cao, tifc 12 can s6 bac ty do cao thi do phiic tap ket cdu tay mdy cling tang
theo va s€ khong tranh khoi viéc tang gid thanh va giam do chinh x4c chuyén
dong.

2) Hé s6 phuc vu.

Trong viing lam viéc, 1t 12 trong khodng khong gian ma ban kep fay
may c6 thé thao tac duoc, khong phai & bat cit diém nao trong ving nay ban
kep tay méy cling thao tac 43 dang nhi nhau. DE ddnh gid miic do dé dang
thao tic d6 ngudi ta ding khai niém hé s6 phuc vy.
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Heé s6 phuc vu & 1a ty s0 giita goc phuc vu A so vi 4 m. Géc phuc vu
X 14 goc ndn quét mot ving khong gian ma chi & phia trong d6 ban kep moi
¢6 thé hudng tdi toa do cin thiét.

A
=— 2.3
¢ py (2.3)

Gia tri ciia A va & khong nhing phu thuoe vao vi tri diém thao tac
trong viing lam viéc, ma cdn phu thuoc vao két cau clia tay may.

Trén hinh 2.18 13 két qua tinh
todn trén may tinh cdc gid tri £ ¢
cdc ving lam viéc khdc nhau
trong khong gian hoat dong cua
robot phun son va dugc biéu thi
bang phdn dién tich cta hinh
tron don vi.

™

3) Do dé diéu khién clia co cdu
tay may

Trong thuc t€ diéu khién hoat
dong clia tay mdy, tir khi nhan
diroc tin hicu vé dinh vi va dinh
hudng cia "diém tic dong cudt”
E tai mot diém cila quy dao, cho
téi khi didu khién dé dat duoc
muc tiéu do, robot phai thuc hién

v u HOATFTF
Y hOoUROCT VT

Mo BOAT AV VT hoat dong d6 trong mot khoang
bysdqV v P‘?O*:' thoi gian nitat dinh. Thoi gian do
quv P a bao gém thdi gian tiph todn dé
boeoma ‘xdc dinh cdc thong so diéu khién

vii thi gian thuc hién di chuyén,

Hinh 2.18. Cdc gid tri & khdc nhau trong . ) o e

viing fam viéc clia robot phun son Tong. cac tho.‘l‘glan‘QO 6 the go

14 thai gian diéu khién. Trong dé

thoi gian tinh todn gid tri cdc bién khdp g, theo céc thong s6 dinh vi va dinh

hudng tai diém E, phy thude vao loai co cdu tay méy, nhu sé trinh bay trong
chuong V.

Qua thong s thoi gian diéu khién ndi trén c6 thé xdc dinh muc do
Kho dé didu khién, nhu mot chi tieu dénh gid co cau tay mdy.

4) Céc thong s6 k¥ thuat ctia robot cong nghiép

Robot cong nghiép thudng duge dac trung bing bang cac thong sé k¥
thuat co ban (xem bang 2.1).
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He truyén dan dong dugc ghi 16 1a thuy luc, xhi nén, dong co di¢n 1
chiéu, dong co budc v.v... Trong chuong IX s€ phan tich vé kha nang ing
dung cdc hé truyén dan dong nay. He dicu khién duoc xac dinh theo chu KY.
theo yi tri hoac theo chu tuyén v.v... Trong chuong VI s& dé cap dén cac he
diéu khién tmg dung trong robot cong nghiép.

Sai s6 dinh vi cta ban kep A (mm) Ja 40 sai Jéch giita vi tif thue so véi
vi trf yén cau. Mie chinh x4c thap (A > £ 1,0mm) 4p dung cho cac loai robot
van chuyén, phun phu v.v... Mic chinh xéc trung binh (0,lmm = A < 1,0mm)
thich hop vdi cic viéc nhu lap rap c6 khe hé, van vit, han hé quang v.v... Miic
chinh xéc cao (A < 0,1mm) ding khi do ludng, 1ap rdp khit v.v...

Bang 2.1. Ddc trung cua robot.

Théng s6 kv Huit
S6 bac tu do
Tai nang

Gid tri gidi han {max. min)
* Bi¢n khdp quay
* Bign khdp tinh tén
Van toc goc i6n nhit Khi quay
Van 1dc tinh tién 16n nhat
Tam véi (max / min)
Tam cac (max / min)
Sai $6 dinb vi
He truyén dan dong
He diéu khién

2.6. PHAN LOAI ROBOT CONG NGHIEP

Ngay nay robot cong nghiep da phat tricn rat da dang. C6 th¢ phan
loai robot cong nghiép theo nhiéu cach khiac nhau:

_ Theo vi tri "cong tac" phan fa céc loai robot cap thodt phoi, robot
van chuyén, robot van nang v.v... -

- Theo dang cong nghé chuyen dung phan ra céc loai robot son, robot
han, robot 1ap rép v.v... .

- Theo céch thic va dic trung diéu khién phan ra: robot diéu khién tu
dong, robot diéu khién bing day hoc, robot diéu khién bang tay. robot nhin
dugc (vision) v...V.

_ Theo cac hé toa do dugc dung Khi thuc hien cdc chuyén dong co ban
phén ra cdc robot hoat dong theo hé toa do tru, cau hodc phong sinh v... V.
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Bang 2.2 théng ké cédc loai hinh robot cong nghiép chi yéu.

Bang 2.2. prot céng nghiép

Céc loai Robot

Khéng pian thao tic

Toa d6 vudng péc

k3

Toa do tru

\ .
gﬁ
+ ‘
Toa do cdu Hinh cdu
<> . :
? Tay mdy phong
sinh truc ngang Hinh cdu
o> .
% it
| |
! \ Tay mdy phéng
sinh truc ding T Hinh tru
Tay mdy con lic Mot phin hinh cu
Tay may phong . =
Sinh n bic tu do Hinh cdu
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CHUONG II1
CAC PHEP BIEN POI DUNG MA TRAN THUAN NHAT

3.1, BIEN POI TOA PO DUNG MA TRAN
3.1.1. Vecto 8iém va toa do thuan nhat.

Vecto diém ( point vector ) diing dé mo ta vi tf cla diém trong
khong gian 3 chiéu.

Trong khong gian 3 chiéu, mot diem M ¢6 thé ducc bieu dién
bang nhiéu vécto trong cdc hé toa do ( coordimate frame) khdc nhau:

Trong hé toa dd o, X, ¥;  di€ém M duoe xdc dinh bing vecta r;:

r=(T o) (3.1)
va ciing diém M dé trong hé toa d0 0,x;y, 7, dugc mo ta bang vecto ry:
—(r Y
r,= ( Tep Byj s r, ) (3.2)

K¢ hiéu ( )" 1a bicu thi phép chuyén vi (Transportation) vecto
hiang thanh vectd cdt . '

Hinh 3.1. Bidu dién 1 diém trong khéng gian

O day, ciing nhu vé sau déu dung céc hé toa 4o thuan, tiic 13, cac hé
toa d6 chon theo qui tac ban tay phai: néu chon ngdn tay cdi chi phuong,
chiéu clia truc z, thi ngén tay tro chi phuong, chiéu ctia truc x va ngén tay
piita 5& biéu thi phuong, chiéu cua tryc y.
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Véctor =(r,r,.1,)" trong khong gian 3 chiéu, néu ducc b6 sung
thém mdt thanh phén thit 4 va thé hi¢n bang mot vecto ma rong:

T =(or ,or or.o)", (3.3)

Thi d6 14 cdch biéu dién vecto diém trong khong gian toa do thudn
nhat (homogeneous coordinate).

Duéi day d¢ don gién hod, & nhiing ché khong gay nhim lan, c6
thé bd qua ky hiéu ( ~ ) d6i véi vecto md rong (3.3 )

Céc toa do thuc cia vécto md rong nay van la:

. (Drx_ . _(Dr)’ ’ (Dl'z 14
o o o (3.4)

Khong phai duy nhat cé mot cich bi€u dién vécto trong khong
gian toa d6 thuan nhat. ma né phu thudc vao gid tri clta o, Néu lay o = 1
thi cdc toa do bicu dién béng toa do c6 thuc. Trong trudng hop nay vécto
md rong duoc viét la:

r=(r.t,.r,,1)" (3.5)

Néu lay @ = I thi cdc toa d6 biéu dién gap w lan toa do thl,rcﬁ, nén cé thé
goi @ 1a /1é x5 1y f¢. Khi can bidu dién su thay déi toa do kem theo ¢ su
bién dang ty 1¢ thi ding o = 1.

3.1.2. Quay hé toa d¢ dung ma tran 3x 3

Trude het thiel lap quan hé giita 2 hé toa do XYZ va UVW chuyén
dbug quay tuong doi v6i nhau khi géc O cia 2 hé van trung nhau
(hinh 3.2).

Hinh 3.2. Cdc hé tog d6.
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Goi (i, L) vaT i, 1, .1, ) lacéc vecto don vi chi phuong céc
truc OXYZ va OUVW tuong ung
Mot diém M nao d6 duge biéu dién trong hé toa do OXYZ bang

vecto:
~ ry,=(r.n,n) (3.6)

con trong hé toa do OUVW béng vectd:

T = (1, 1o 1) 3.7
Nhu vay:
r=r,, =i, + L, + LK, } (3.8)
r=r,, = rd+ 0d, + r,K,
Tirdo ta co
ro=i.r = idr, +ida+ iK.r,
- r,=j,.r= Jig, + Jdoro + j KT (3.9)
r,=k,r=Kir+Kjr + KK,I.
Hodc viét dudi dang ma tran:
I, i, i K I,
r, |= i B B (3.10)
T ki, kj. kXK, I,

z

dc phin ur la tich vo

Goi R 1a ma tran quay (rotation) 3x3 vdi ¢
2 he toa do OXYZ va

huéng 2 vecto chi phuong céc truc tuong Ung cua
QUVW.

Vay (3.10) duge viét lai la:

xy: R Tovw
r.,=R'.r, (3.11)

C6 thé bidu dién cdc phin tir ma tran R va R nhu sau:
cos(x,u) cos(x, v) cos(x,w)
R=[la,1]= cos(y,u) cos(y,v) cos(y,w) (3.12)
cos(z,u) cos{z,v) cos(z,w)
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cos(u,x) cos(u,y) cos(u,z)
1
R " =[[b,]]=| cos(v,x) cos(v,y) cos(v,z) (3.13)
cos{w,x)} cos(w,y cos(w,z)

Chu ¥ dén quan hé giita 2 cép truc, vi du, cos (x,u) = cos (u,x) v.v...
dé dang nhan thay.

R' = RT (3.14)

Ky hiéu { ) 1a biéu thi ma tran nghich dao

va () 1A ma tran chuyén vi (Transported)

3.1.3 Bién déi ma tran ding toa do thuan nhit.

Bay git thi€t 1ap quan h¢ gilta 2 hé toa dg: hé toa do o, y, z; sang
hé toa do méi oxyz. Ching khong nhitng quay tuong d6i véi nhau ma
tinh tién ci goc toa do: gdc o, Xdc dinh trong hé xyz; bing vécto p:

P = (as_by_crl).]‘ (3'15)

Gia st vi tri cha diém M trong hé toa do x;y, z, duge xéc dinh bang
vécto ry:

=0 xyz1) (3.16)
va trong hé toa do x,y; z, diém M duoc xdc dinh bang vécto r;:
r = (xyz. 1)’ (3.17)
Tir hinh 3.3 c6 thé d€ dang thiét 1ap mai quan hé gifta céc toa do:
%%
& Z

K o
iy a

Hinh 3.3. Cdc hé toa db
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Yi = ¥c080 -z sing -bt, (3.18)
Z; = Y8 + z;co80 - ¢t
=1 =I
Sap x€p cdc he s6 ing véi x, , ¥;» 2; va t; thanh mot ma tran:
(1 0 . 0 a |
0 cose —sing -b
T = - 3.19
|0 sing cosp —c (3.19)
0 0 0 I |
va viét phuong trinh bi¢n déi toa do nhir sau:

Ma tran T, biéu thi bing ma tran 4 x 4 nhy phuong trinh (3.19) va
gol [a ma tran thuan nhat.

Cac vectd (3.15) (3.16), (3.17) 14 nhiing vecto md rong biéu dién
trong khong gian toa do thudn nhat. C6 thé viét cu thé lai (3.20) hoic
{3.18) nhu sau:

's = . =
X 1 0 0 a X,
¥, = 0 cosp -sing  -b Y (3.21)
Z; 0  sing cosp ¢ z,
] 0 0 0 1 1
N~ J g J

Nhu viy ma trgn thuan nhit 4 x 4 ding dé bién déi vécto mé rong
tir h¢ toa do thuin nhat nay sang hé toa d6 thudn nhat kia.

Ung dung ma trdn thudn nhat trong phép bién déi toa do 6 ra ¢é
nhi¢u wu diém, bdi vi trong ma tran 4 x 4 bao gom ca thong tin vé su
quay va ca vé dich chuvén tinh tién.

Phuong trinh (3.20) m6 ta su bién déi tir hé toa do ci 0, X, ¥, £ sang
h¢ toa do mai o, x; y, z, . Khi cdn bién déi nguoc lai ta ¢é.

vai
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Ma tran nghich déo T, dugc tinh ur T, theo cong thitc (3.24):

1 0 0 a w

T, = 0 cosp  sing  bcose + csing
0  -sing cosp  -bsing + ccoso (3.24)
0 0 0 1

C6 the thiét lap cong thic ndy theo cich s& trinh bay & phdn sau,
khi suy dién cong thite (3.33) hoic (3.34).

3.1.4. Y nghia hinh hoc cia ma tran thuan nhit

Tir (3.19) nhan thay ma tran thudn nhat 4x4 12 mot ma trin gém 4

khei:
0 0 a
CosQ -s1ing . -b
T, = sing COS( = - (3.25)
0 0 g
Hodc viét rit gon la:
Rij p
TI-I — .................?...,.................. (3.26)
0 1

Trong dé:
R;; - ma tran quay 3x3

P - ma trdn 3x1 bicu thi 3 toa do cua diém goc hé toa do o, trong
hé toa dd o, x, y, z, .

[x3 - ma tran khong

Ix1 - ma tran don vi
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Nhu vay ma tran thuan nhat 4x4 1a ma tran 3x3 mo rong. thém ma
tran 3x%1 biéu thi s¥ chuyén dich goc toa do va phin tif a,, biéu thi he s0

v 1¢.

D& dang nhan thiy ma tran R;; chinh 12 ma trdn quay 32‘3, néu suy

tlr ma tran quay trong (3.10) sang truong hop hinh 3.3 1a co:

¢os (X, X;) COS (x,,y;) COs (%, %)
R;= [aij]z cos( ¥;, X;) cos( ¥, Y;) cos( Vi, %) (3.27)

cos (z,,%,) €08 (Z .Y )y cos{z,Z)

va cdc goc cosin chi phuong nay déu lién he dén goc ¢ (hinh3.3).

Né&u chii ¥ vé quan he giita 2 cap truc. vi du, costx; y;) = €os (y; x)
v... v. & day dé dang nhan duoc bidu thic wong tu (3.14):

R,=R, =R, (3.28)

Mo ta tdng quét hon néu mot didm M nio d6 duge xac dinh trong
hé toa o thuan phat UVW biing vécto md rong L » hi trong h¢ toa do
(hudn nhat XYZ diém d6 dugc xdc dinh bing vectd m& rong Ly

T, = T 1y 13.29)

Trong d6 T la ma tran thudn nhit 4x4, cé thé vi€t khai trién O
dang sau:

nx SX a.‘(
n, S, &
T= n, s, 4, (3.30)
0 0 0
hoic R p
0 1
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Ta tim hiéu y nghia hinh hoc ¢Ga ma tran T. Nhr dé trinh bay khi
phan tich cic khéi cia ma tran 4x4, ma tran 3x1 tuong img véi toa do
diém gdc cla hé toa do UVW biéu dién trong hé XYZ.

Néu 2 géc toa do trung nhau thi cdc thanh phan cla ma tran 3x!
nay déu 13 0. Khi d6 xét trudng hop:
M = € 1,0,0.1)"

thc la r,, = i

Ty u
thi dé dang nhan thay cot thd nhat hodc vécto n ctia ma tran (3.30) chinh

1a cdc toa do cua vécto chi phuong truc OU biéu dién trong hé toa do
XYZ.

Tuwong tu khi xét cic trudng hop

rllvw = ( 0& ]-- 0» l)l

=

va ru\'w = ( 0-, 0! l. I)E

ciing di dé€n nhan xét cot thir 2 (hoidc vécto s) (ing véi cac toa do cia vecto
chi phuong truc OV va cot thit 3 (hodic vécto a) tng véi cdc toa do vecto

chi phuong truc OW,

Nhu vay, ma tran thudn nhdt T 44 hoan toan xdc dinh vi i va
dinh hidng ciia hé 1oq do UVW so vdi hé 1oy d¢ XYZ. D6 1a ¥ nghia hinh

hoc thit nhét cua ma tran thuin nhat 4x4.

Ma tran nghich ddo T™' ¢6 thé xdc dinh theo cic cdch sau day:

Goi tong qudt céc phan tima tran Tva T 1a [a, ] va [b, ] tuong
ung, v6ii=j= 1+ 4 vachd y rang tir (3.14) d6i v6i ma tran quay béc 3x3
di c6 R =R". Do viy c6 thé viét khai trién phuong trinh T T = I ( ma
tran don vi) nhu sau: '
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a, 4, 4, 01 [000 b fa a as 0] 000 a,)
3123223320+ 000 by, 3213223230+00032_4
Ay &y Ay 0 000 byl & a, a; 0 000&3421

0 0 00 (000 1j{o 000 10001

Sau khi bién doi ta co:
b,, = - (a,d;, + Ay + a3y )
bya = - (@18 T 8pdsa + 8l ) (3.32)
Doy = - (8385 T Aflys + B53dyg )

Tir d6 dé dang thi€t lap cdc cong thic sau day d¢ tiph ma tran
nghich ddo T

R' | -R'p
o 1
R' . R'p X
0 1
L -pn
T'I = -ps (335)

p oA

Trong d6 céc tich vo hudng vécto :
p‘ n= pnnx + pyn_\ + pz‘n/
p.S = PS T DS, T PS {3.36)

p'a = pxax+ p)'ay +prar.

Nhur vay trong ma tran nghich dao T ‘I thi céc cot 1,2,3 wong ung
v6i céc toa do clia vécto chi phuong cac truc OX, OY va OZ biéu thi

trong-hé toa do UVW. Con 3 thanh phan dau ctia cot thi 4 ng vGi cic
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toa do coa diem goc XYZ trong h¢ toa d6 UVW.'Y nghia hinh hoc dé
ciing c6 nhiéu ing dung thuc t€,

Ngoai ra. tir (3.36), c6 thé thdy, néu phuong truc nao dé (vi du,
OU) cua UVW thing g6c véi vécto P» thi phén (r twong Gng ( vi duy, phin
tr dau) clia cot thi 4 s& bing 0. Trudng hop tat ca 3 phin ur cla cot tha 4
bang 0 13 Idc 2 géc toa do tring nhau.

Trong céc phan tr sau khi str dung ma trdn thuin nhat 4x4 s& khai

thic them cdc ¥ nghia hinh hoc 1¢p theo clia né.
3.2. TOM TAT NOI DUNG CO BAN VE MA TRAN.
3.2.1. Cac dinh nghia.

Ma tran A bic m x n1a mot bang s6:

4y Q) Sy
dyy iy 4,
A=lq,]= :
a'ml amZ te amn
t=102,..., m
1=12,...n
a;;- cdc phan ur cta ma tran
m - dong
n - cdt

Khim=1— matran | dong
n=1-->matran | cot
Ma tran 1 dong hoic ma tran 1 c6t thuong dung dé biéu thi vecto.

Ma tran chuyén vi cia ma tran A 1a ma tran A" (T - transported :
chuyén vi), da chuyén vi tri clia Cot thanh hang va nguoc lai.
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L aI.n a?n A u‘nm
i=12,..,n;j=12,..,m
Vay ma tran chuyén vi clia ma tran 1 dong 12 ma tran 1 cht va
nguoc lal.
Ma tran vuong (bac n) khi m = n.

Ma tran dudng chéo (bac n):
ai_lzﬂkhiiij. ij=12...n
Ma tran don vi (bac n), ky hieual (Indentity Matrix)
a;_j=0khii¢j. ,j=12...0
a-,J:lkhii:j, ij=12,..n

Ma tran doi xdng vuong (bac n):

A=A
trc la a;= -4, vdi mol i va )
Ma tran d6i xing chéo vuong (bAc n):
A=-A'
tic la a;= - 4 va a,;=0 i,j =12, ..0

Mot ma tran khong doi xing A bat ky c6 thé bién thanh ma tran
d6i ximg bang cach:
C=(A+A")2
Ma tran khong 0: 2,=0
Ma tran bing nhau: A =B
tixe 1a a; =b;; vOi moi 1 va J.

3.2.2. Phép cong, trif ma tran:

ung bac s& ¢ ma tran C cung bac

Cong (trY) cac ma tran AvaBc
va b, v6i moi i, J:

c; 12 tong ( hiéw) céc phén tif a;

véi cac phan tr
A+B=C tie 1a a;+b;=¢

A-B=C e la a, - bi.i = ¢y
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'Phép cong ma tran c6 ddy di cdc tinh chat cuia phép cong s6 thue:
HDA+B=B+A
2)(A+B)+C=A+(B+C)
DNA+0=A
HA+(-A)=0

3.2.3. Phép nhan ma tran:

Nhan mot $6 (vo hudng) k voi ma tran A
k.A = Ak =[ka = [ak]
1i=1,2,....m
j=12,...,n

Phép nhan ma tran (bac bat ky m x n) v6i s vo hudng a hoac b
tuan theo cac qui tac sau:

Ha. (A+B)=aAxaB
2)(a+b) A=a.A+bA
3)a (bA) =(ab} A
4HLA=A

Hai ma tran ¢6 thé nhan véi nhau chi ki s8 cot cia ma tran nay
bing s6 dong cha ma trin kia:
(Amxn) ( anp ) = Crm

H
Ciy = kzl a,b,

Qui tac "nhan dong vdi cot” ¢b the phat biéu nhu sau:

Dé xdc dinh phdn tit ¢, ctia ma trgn C = AB cdn tim téng cua tich
cde phdn it trén dong thit | ctia ma trdn A nhdn tuong itng voi cdc phan
1f trén ¢6t thut § ctia ma trdn B.

So d6 dudi day minh hoa cho qui tic "nhan dong véi cot ™

[ ] ’ A .
‘Van A 43 Qy b, by by b, |
a a a,. a b b b b
21 2 2 24
A=1 3 gl Pn Tni P
as; dxp 4Gy Ay g b by by
[y Gy 4y a44J me by by by ]
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Cy = 3_ub|2 + aggbgg +a,by + as4b42

Phép nhan ma tran khong ¢é tinh giao hodn (commutability):
AB=BA

Ma trin don vi giao hodn duge vdi bat ky ma tran vuong nao:
LA=Al=A
Phép nhan ma trin tuan theo cac qui tic sau:
D {kA)B= k{A.B) = A.k.B)
2) A(B.C) = (A.B) C
3 (A+B).C=A.C+ B.C
4 CA+B) =CA + CB

3.2.4. Dinh thirc ctia ma tran ( determinant of a matrix)
Dinh thic clia ma tran A bic n x n, vict la:
dyy
A a, 4y dxn du
‘ ‘ I : : : hoac det A
a!u a‘?.n a3|l a4n

vh biing tdng cua tich cdc phan tir nhan v6i phan phu dai s6 tuong Ing:

lAl = Z}%‘Au‘ = Z%‘Au
i= i=

véi A,; - phan phu dai s6 tuong tng voi phan tr a;;
..= ( _1 )i-l-l MII

véi M, 1a dinh thitc con (minor) nhan tir dinh thitc | A| bang céch bo céc
© phédn tu nen dong thit i va cot thi j.
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a a; ;. sy a,,
Ay Qg Qe Qioga Giog
M| =
a i aa’+1,2‘“ a:’+i,j+l a;+l,;‘+1"‘ a:+|_n
anl anz“' aﬂy’—l anj+1 amn

Nhu vay, dinh thiic bac n phy thudc vao n dinh thic bac n-1: moi
dinh thic nay lai phu thudc vao n-1 dinh thitc bac n-2 va ci thé dén dinh
thic bac 1 (1a mot s6 vo hudng).

Déi véi cac dinh thic bac 2 va bac 3 ¢6 thé ding phuong phép
dudig chéo don gian.

Vi du, véi dinh thic bac 2:
ay ),
| Al= =258y - A8y,

véi dinh thite bac 3:

| Al= |a; ay Ay = ;359857 + A)y88;, T

as ay A3
+ 23858y, - d3125,8;; 7 828833 - Apdzdn

DéE don gidn viéc tinh cdc dinh thic ngudi ta ding céc tinh chét, vi
du nhu:

1. Néu tdt ca cdc phén tit trén mét dong (hay cot) bat ky cda ma
tran A ma déu bang 0 thi| A} =0. '

2.|Al=| AT

3. Néu 2 dong hay cot bat ky clia ma tran A ma d6i vi tri cho nhau
thi s& thay ddi déu ctia dinh thic.

4. Né&u cdc ma tran A va B déu 12 bac n thi

AB|=1A|.|B.

5. Néu tat ca cdc phan tlr ctia dong (hay cot) bét ky ciia ma tran A
déu dugc nhan véi mot s6 vo hudng k thi gid tri cha dinh thic s€ tang lén
gap k 14n.

65



Nhan xér: CUung uong ty nhu dinh thic. ma tran c6 cac phan 1 X€p
(hanh dong va cot. nhung khong t{nh ra bang mot <6 nhu dinh thic. Cht
c6 ma tran vudng méi ¢6 dinh thic.

37.5. "Rang" cua ma tran.

Néu bo bdt trong ma tran A mot & dong va mot & cot sao cho 50
dong v s ¢ot con lai bing nhau thi phén con Jai 1a dinh thic con (mMinor)
cia ma wan A. Mot ma tran c6 the 6 nhidu dinh thic con (minor). Trong
& d6 c6 cac dinh (hiic con bang khong. S6 bac cao nhat cha dinh thic
con dugc goi 12 “Rang ctia ma tran.

Rang cua ma tran mxm, v6i m # 1, 8¢ Khong vuot qua sO nhod wrong 2
sO m va 1.

Ding khai mém Rang c6 thé xac dinh diéu kién can du dé hé
phuong winb twyén tinh ¢6 56 phuong trinh bing 86 nghiem, la: Ranyg ctia
ma fran hé s6 hdng Rang cuia ma tran hé s md rong.

3.2.6. Vét cna mﬁ tran (Tr - Trace).

V&t clia ma udn vuong bac n 12 1dng cac phan tu tren duomeg cheo:
n
Tr(4) = 2 a;
i=1

Mot s0 tinh chat quan trong cuia vEt ma tran.
) Tr (A)=Tr (AN
2 Tr (A+B) = Tr (A)+Tx B)
) Ir (AB)= Tr (B.A)
4) Tr (ABCH =Tr (CB'AD

3.2.7. Ma tran nghich dao.

Ma tran nghich dio clia ma tran A duge ky higu 1a A’ thoa man
phuong trinh sau:

AtA=AA =]

Tir d6 ta cbt
det A. det (A1) =det 151

66



vay
det (A =1/det A
R& rang phai co diu kién: det A = 0.

Ma tran c¢6 dinh thic bang khéng goi la ma trdn suy bién. Ma tran
suy bién khong ¢6 ma trn nghich ddo va cdc ma tran khong suy bién déu
cé ma tran nghich dio.

Nhu da ky hiéu A la phdn phu dai s6 ting véi phan tr a; cia ma
tran A. Dé dang kiém nghlem bicu thic sau:

A= [A4,]
detA 7
|A,] - ma tran véi cdc phén tir A;;.
Cic tinh chat:
(AA,. A =AA L AA
(AA,.. A) =A A, {f. CASAT
(A AT=(AAD = dodé (A =(AD)!

(A'+B'CBY' =A- ABT ( BAB" + CYY' BA.
Mot s6 cong thitc san:

1. Trudng hop 2x2:

a c 1 d -¢
A= > Al —
b d ad - bc -b a

2. Truong hop 3x3:

a b ¢
A= |d e f|l- Al=— l . X
aei +dhc + gfb - afh-dbi - gec
g h 1

(ei-fh) -(bi-ch) (bf - ce)
X -(di - fg)} (a1-cg) -(af - cd
(dh - ge) -(ah-bg) (ae -bd)
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3.2.8. Vi phan va tich phan ma tran.

Néu cdc phén tif cia ma tran A la cdc ham (vi du cua thoi gian t)
vi phan dugc, thi t6n tai dao ham clia ma tran. D6 1a ma tran véi cdc phan
t&r m&i nhan dugc bing vi phan céc phén tif cia ma tran A.

Ciing c6 cdc cong thic sau (A,B 1a ma tran ciing bic; X 1a ma trdn
khong phu thudc t)

fi(AB):AB+AB
dt

d dA
Z(Ax)=—
dt dat
Tuong tu, phép tich phan ma tran cho mot ma tran:

[ Ay = Jag (t)dt!

v ciing tudn theo céc qui tac:
1) (A+B)dt = [Adt+[Bdt
2) | AXdt = (fAdDX

3.3. CAC PHEP BIEN POI CO BAN

3.3.1. Phép bién déi tinh tién
Tix (3.19) hoac (3.30), biéu thi ma tran thuén nhat, khi chi cé bién
déi tinh tién ma khong c6 quay (@ =0), ta co:

1 0 0 p,]
01 0 p
T= Y =T (p.,p.,
0 0 1 p, o (Px:Py-P:) (3.37)
0 0 0 1]

D6 13 ma tran bién ddi tinh tién (Translation).
Goi u 1a vecto bidu dién mot diém (trong khong gian) can dich
chuyén tinh tién:
u=(xy,2)

va p la vecto chi hudng va 6 dai can dich chuyén:

p=(p,.Py.P.)
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thi v ]a vecto bi€u dién dicm toa do trong khong gian da duoc tinh tién
151

v=T,(p..p,.pJlu (3.38)
Vidu: Chobiet wuw=(2,3,2 )
p=(4.-3.7 )

can xac dinh v.
Gidi:
Theo (3.38) ta ¢é:

(1 0 0 47 [2] Té]
T ) 1 ¢ -3{ |3 0
V= LA ] u= X =
o (PP, P 0 - 5 9
0 0 0 1L [
W/
19
Vv
. N
0 3
5 -y
Ve

Hinh 3.4. Phep bién doi tinh tién trong khong gian
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3.3.2. Phép quay quanh cic truc toa do .

Tir ma tran quay 3x3 trong biéu thic (3.10) ta xay dung ma tran
R (x. &) cho truong hop h¢ toa do UVW quay quanh truc OX mét péc o
nio do. Trong truong hop nay i, =1,

(1 0 0 0

AR(J.C,C(): 0 cosa -sina O
0 sina <cosa O (3.39)

0 0 0 ]

Tuong tng cho trudng hop quay quanh tryc OY mét goc ¢-
"cos® 0 sing O]
0 1 0 0

R(y20) = sing 0 cosg O (3.40)

0 0o 0 1

va trudng hop quay quanh tryc OZ mot géc B:
(cos§ —sing 0 O]
sing cosé 0 O
R(z,0) =
0
ny

0 0o 1 (3.41)

0 0 0

L

Cot thit 4 clia cdc ma trin 4x4 trén ¢6 3 phin tir ddu déu bang 0 vi
& day khong c6 sy tinh ti€n. Cac ma tran nay duge goi la cdc ma tran
quay (rotation) co ban. Cac ma tran quay khdc ¢é thé xay dung tr cac ma
tran ¢o ban nay.

Vidy: Cho diém U bicu dién bang vecto u:

u=(7,3,2)
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0 -1 0 0l[7 -3
1 0 0 03

V= R(z,90)U = =
0 0 1 2 2
0 0 0 1)1} 1]

quay quanh truc Z mot géc 90" (hinh3.5) dé 16i diém V xdc dinh bang
vecta v.

Gidi: Néu cho diém V tiép tuc quay quanh truc y mot gée 90" t6i
diém W, xdc dinh bang vécto w.

o0 1 o][-37 [21-

0 1 0 0] 7 7
W= R(p,90)V = =

-1 0 0 0} 2 3

0 0 0 1j| 1| |1

C6 thé biéu dién:

w=R(y,90). R(z,90)u=(2,731)
Chit ¥: Néu déi thit ty quay s& dugc w # w.
Ré& rang 12: Ry, 90). R (2, 90) u=R (z, 90). R (y, 90) u.

That vay, nhu chi rd trén hinh 3.6, cho U quay quanh truc y trudc
mot gée 90, ta ¢é:

0 0 1 0][7] [ 2]
v =R(y,90)u = S T

10 0 0}2 ~7

o 0o o 11 [1]

Sau dé cho v quay quanh truc z mot géc 90, ta co:

0 -1 0 0 2 -3

w =R(z,90).R(y,90)u = R 2
. ¢ 0 1 0}|l-7 -7
100 O 11T ] {1
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aZ

>y
>y

ut
n x* —A
XI

Hinh 3.5. w=R{©v.90°). R {2,90%u ‘Hinh 3.6. w = R (2,90 R (y,90°)u

3.3.3. Phép quay phic hop.

Hé toa do OUVW gan v6i mot vat thé nao dé duge quay tuong do
so 6t he toa do cd dinh OXYZ va ¢6 thé hop thamh tir 3 chuyén dong
quay lién tiép quanh 3 truc 0X, OY, OZ véi géc quay tuong Ung la a, 0,
.

Ba phép quay co ban nay dugc biéu thi bing cdc ma tran (3.39),
(3.40), (3.41) tuong ung. Vay ma tran biéu thi su quay phitc hgp nay ia
tich clia cac ma trdn quay co ban noi trén, Cin luu v ring phép nhén ma
tran khong cé tinh giao hoén nén trinh ty cdc phép quay co ban phai dugc
dam bao.

Vi di: Néu quay theo thir tu thuc hién goc quay o, 0 181 ¢ 5 ¢6:
R (g, 0. ) =R(y, ) R(z ORI a) (3.42)
thay (3.39) + (3.41) vao (3.42) ta cé:

Cc,C, S.S. -C.S5,C, C,S6S, —S,C 0

T ¢S, 0
9,0 =
R -S8,Cy  CSC, +C,S, C,C,-S,SC. 0 (3.43)

(3 day ciing nhu vé sau dung cich viél tat vidu:
Co =COSQ  , 50 = SN , A

Néu trinh tu cac phép quay cd ban thay déi di: quay ¢ quanh OY.
quay 0 quanh OZ rdi quay o quanh OX, ta lai c6
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R (o, 0,9)=R {x, ). Rz, 8). R (y.p) 3.4

CGCip B SB C()Stp 0

CSC +5S CCq CSsS,—S.C, 0
R(Ot.,@,(p) — [vins S\ o d ™ : a5
SUSBCLP _CaS(p SU‘.CQ S(ISGS([: - C(IC{p O o )

i 0 0 0 1

3.3.4. Phép quay quanh truc bat ky.

Trong nhidu trudng hop toa do dong OUVW gan lién véi vat thé
nao dé c¢é thé quay géc ¢ quanh mot truc bat kv nao do cat qua goc O,
dic trung biing vecto don vi chi phuong:

f= (5t (3.46)

LW 4 —

Hinh 3.7. Phép quay quanh truc bat ky

Dé xay dung ma tran R(r, @) bicu thi sy quay clia vat thé quanh
truc quay r. c6 thé thuc hién qua cdc bude sau (hinh 3.7):

- Quay gbéc a quanh OX, dé truc r $& nam xudng mat phang XZ.



- Quay géc -p quanh OY, dé truc r (dang nam trén mat phiang XZ)
s& trung véi truc OZ.

- Quay géc ¢ quanh truc s {(dang trang véi OZ).

- Quay nguoc lai qua budc quay +p quanh truc OY.
- Quay -a quanh OX dé dua tryc r vé vi tri xudt phat.
Vay ma tran R(r, ¢} s¢ cd dang sau:

R(r, @) = R(x, -a). R(y, B)- R(z. @). Ry, -B). R(x, o) (3.47)

VOl ‘
70 0 0]
o C, S, O
R(x,—a) =
0o -S, C, 0
o o 0 1]
) C, 0 S, O C, -5, 0 0
R(y.B) = 0 1 0 O R(z.0) = S, C, 0 0
- Sy 0 G, 0 0 0 1 0
0 0 0 1 0 0 01
C, 0 -5 0 1 0 0 0
R(y—B) = 0 1 0 0 R(x.a) = o C, -S, O
S, 0 C, 0 0 s, C, 0
o 0o 0 1 0 0 0 1
Tit hinh 3.7 ta ¢6:
sina =1/’ + r2y? cosa=r/ (r)+1) yie
sin P =r, cos B=(r "+ r)"
Vi gol: V,=vers @ = i -cosp , (versin @) ’
tacoH:
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-, L
rV,+C, rrV,-r.S,
R = raV,+r.S, iV, +C,
[ .
raV,-rS, rrvV,+rsS,
i 0 0

rr ¥, +r.S, 0]
r_\,r:Vw ——r_\S@ 0

2 (3.48)
rvV,+C, 0
0 —

Vi di: Xdc dinh ma tran quay R(r. ¢) quay géc ¢ quanh truc r:

r=(1L LD

Gidi: & day vecto r khong phai [a vécto don vi nén céc hinh chiéu

xdc dinh nhu sau:

1

I
b \/3' ¥

thay ching vao (3.48) ta cé:

g Lo Ly _ g
3 W “p @ ﬁ It
lV +LC( lV +C
R(r’(p): 3 o \/’5 P 3 I o
1 1 1 1
"V ——Sp =V_+-=S
3T B 3 B
0 0

3.3.5. Phép quay theo 3 goc Euler.

ZZI
F 3
Zn Zna y
QJ¢ o
¥ yy
lP d
y
e s
X -
X X X

Hinh 3.8. Phép quay theo 3 goc Euler

l 1 i
-V +— S 0
° J3 r
| 1
SV ——=S. 0
3 0 ﬁ P
%V[‘_J +C(P 0
0 ! ]
Ta hiéu

thi s quay cua
vt thé thong

qua ciac goc
Euler. Coé
nhién cach
dinh hudng
bang 3 géc
Euler. Duéi
day 1a cach
thwong  dung

nhat (hinh 3.8):
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1) Quay goc ¢ quanh truc z.

2) Quay tiép géc 8 quanh tryc y méi, dé la y.

3) Quay tiép géc ¥ quanh truc z mdi, do la z va ma tran biéu dién
phép quay theo 3 géc Euler, goi tt Ia phép quay Euler nhan dugc béng
cach nhan 3 ma tran quay véi nhau. G phép quay Euler néu thyc hién thit

ty quay nguagc lai (y—8—0) cling cho két qua nhu nhau:

(3.49

o

{3.50)

R($.9.%) = R (z, 0). R(y. 8). R(z.'¥)
c, -S, 0 0]
s, C, 00
Véi: R(z,¢)= 0 o0 1
0 0 0 1
—C(f 0 S, 0
R(y.8) = 0 1 0
=5, 0 ¢, 0
0 0 0 1]
c, -S, 0 0]
s, ¢C, 00
R — W W
@¥=l o 1 9
i 0 0 1]
Thay vao (3.49) ta ¢c6:
(C,C,C, =SS, —C,CoS,—5,C, C)S,
RGO = S,CoC, +C,S, =S,C,S, +C,C, 5,8,
'SHCW SOSW C{)
I 0 0 0
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3.3.6. Phép quay Roll - Pitch - Yaw (RPY)

Mot phép quay khéc
ciing thudng duge su dung la
phép quay Rell, Piich va
Yaw, goi tat la phép quay
RPY.

Hiy wéng tuong, gin
hé toa do xvz lén than mot
con tau. Doc theo than tau la
truc z thinh 3.9):

Roll 1a chuyén dong
lac cha thin tau, tuong
duong véi viéc quay than tau
mat goc ¢ quanh truc z.

Than tau /

X
F 3 Z
Yaw y
P Roll ¢
N Y
\a
Piich &

Hinh 3.9. Phép quay Roll - Pitch - Yaw

Pitch 12 su bong bénh, tuong duong véi gée quay 6 quanh truc y.

Yaw la su léch hudng, tuong duong véi phép quay mot géc ¥

guanh truc x.

Xac dinh thif tr quay: quay mét géc ¥ quanh truc x, ti€p theo la
guay mot géc 6 quanh truc y va sau d6 la quay mot goc ¢ quanh truc z.

Theo thd tr quay dé ¢é thé biéu dién phép quay RPY nhu sau:
RPY (4,0, ¥) = R(z, ¢). R(y, 6). R(x, )

.
véi: R(z.9)= SO¢
o

Ke

R(y.0) = _(;-

|0

_S'b

Ce

oo - O o QO

o= O O

O"I

—_ O

<
Y

-_— o O

(3.51)
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1 O 0 0

R( ) 6 C, - S, 0
XL \y) =

0 s, ¢C, 0

0 0 0 l

Thay vio (3.51) ta cd:

quci} CduSUS\]r _S¢Cn|r C¢S{}CH|J +S S\'_I O—I
s.C. §8S8.S +C.C. S,S,.C,-CS, 0
RPY((i)., 8, 'k[") - 0 G0y &y [t ATl bW (3 -')2)
-3, Cusl-‘; CGCW 0
0 0 0 1

3.4. CAC BAI TOAN BIEN BO1 NGUOC.
3.4.1. Xdc dinh géc quay va truc quay.

Tren day chiing ta dd nghién ciu cac bai todn thuin, nghia [a chi
dinh tryc quay r va goc quay ¢ rude rdi tim k&t qua bién doi theo cdc
phép quay da chi dinh do.

Bay gid, ngugc lai véi bai todn trén, gid slr da bit sau phép bién
déi nao dé k&t qua la vat thé dang & trang thili cudi hoan toan xé4c dinh,
vin dé 11 phai tim ngugc lai xem cdc thong s§ bign déi d6 1a gi, cyu thé 1a
tim tryc quay k v géc quay 6 khi bién doi.

Thong thudng trang thdi cudi clia vat thé ¢6 thé mo6 ta bang ma
tran Ty, goi 1a ma tran trang thdi cudi. Gia st ma tran T, duge xdc dinh
nhu sau:

7. | % ¥
£ p. {3.53)

0o 0 0 1

Nhu d phan tich & muc 3.1.4, mdi cot clia ma trdn quay 3x3
wrong Ty 12 mot vécto don vi chi phuong mot tryc cta he toa d¢ dong
UVW. biéu dién trong hé toa do ¢6 dinh XYZ. He toa d5 dong UVW gén
lién v6i vat thé dang xét. '
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Mar khdc do cdc phép bién déi quay goc 8 nao dé quanh mét tryc
k v0i ma 1ran quay (3.48) di dwa vat thé dén trang thdi cudi. dugec mo ta
bing (3.53). Nhu vay. ta cé:

UX V.‘{ W)& px
u\" v\' W\’ p\"
TE = - - —_
u, v, w, p,
00 0 1]
-, ‘ ‘ -
rx \/m +C=p Ixryvm __rr,Scp rxrz\/{p +1_VS:3 0 (354)
2 -
— rxry\{:_n +r‘/S:p rx \/ip +Cm lyrz i _r'!S{p 0
- - 2
I 1?\/:p —1)_,S‘P LIV, +rxS(P I, Vm +C, 0
i 0 0 0 1

So sanh cdc phan tir tuong duong clia 2 ma tran (3.54), ¢6 thé xdc dinh
duge cdc quan h¢ can thiét. Trude hét d& dang nhan ra p, = p.=p =0,va
¢ day ung v6i trudng hop goc cia hé toa do UVW khong 1 khéi goc clia
hé toa do XY7Z.

Cong duodng chéo cita 2 ma trin (3.54) & hai vé ta 6
UtV + W, + 1 =1V + Co 4+ 1,7V, + Gy + 12V + Cy + |
=(1-Co) 0+ +1)+3C, + |

=2(1+C,)

1
Vay: Cp =cos@ = ‘2_(7"1_ +v, +w_—1) - (3.53)

Tinh hiéu cic phan tit twong duong clia 2 ma tran, ching han:

vV,—w, = 2r§
Wy -, = zrystp (3.56)
u, -v, = 2r5,

Binh phuong 2 v€ cia céc phuong trinh trén 18i cong lai ta c6:

0. =) 40w, ~1.)? +(u, ~v,)? =45
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vay:

- 1 M 2 2 .
S, =sing= ii\ﬁvz —w),) +(w, —u.) +(u'r -v.)} (3.5D
T (3.55) va (357 v 0<¢p = 180" 1a c&:
\ﬁvl —w ) (w, —u,) +(u, v, )
tge= ' ' (3.58)
u, +v, +w, -1
Tir (3.56) xac dinh truc quay r:
\a’2 —W, W, -—u? u, —Vx
o=y = LT 3.59
2sing °~  2sing 2sin@ (3:59)

Theo céc cong thic nay thi khi ¢ =0" hoac 180" s& khong xdc dinh
dugc truc quay r, nén tim cach tinh khac.

Xét phan 1l tuong duong ctia 2 ma tran (3.53) va (3.54):

u, = erq,Jr C(P
_ 2
v, = r,V, + C,
w, = er{p+ C,
Tir day suy ra:
-+ u, —cos¢
l—coscp
, — COs
, = M
l—cos(p
. —cosq)
1- coscp

Vi trong khoang 0°< ¢ < 180" thi sin ¢ luén luon duong va theo

(3.56) co thé thay r

o T, I, luon ludn cling ddu v6i vé& trai, nén co thé viét:

Ham Sgn(x) dung dé biéu dién quan hé "cung dau v6i x".
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— A
ro=S5gn(v, -w,) 4, —en9
1-coso

' v, —COSQ '
r, = Sgn(w, —u,), |- > (3.60)
1-coso
r,=S8gn(u, -v,) Ny 00
' V 1-coso

Cé thé x4c dinh cdc thanh phin cia truc quay r theo cach dung
phuong phap cdng cdc cip con lai cua cdc phin tir déi xing qua dudng
chéo cic ma tran (3.54).

J

u, +v, =21,V =2rr1, (1-cosp)
v,+w, =2rrV, =2rr{l-cosq) (3.61)
w, +u, =2r,r,V, =211 (1 -cos@)

Thuan tién hon n€u chon tir (3.60) thanh phan cé tr1 16n nhat, vi
du r,, r6i tinh cac thanh phan con lai theo (3.61):

u, +v,

Iy

B 2r (1-coso)

W, +u,

¢ 21, (1-coso)

Vi du: Cho R{r, ¢) = R(y, 90"). R(z, 90"). Hay xdc dinh truc quay
r va géc quay ¢ dé:

0
0
R(r,p) = |
0

—_0 O O

o o - O
oS o -

Giai: Tir (3.55):
cos @ = %(ux +V, W, —1)= %(0+0+0_1)-: 1

81



Tu (3.57)%

1 3 5 3
Sin(P:E\[(V?- —Wy)‘“ +(Wx —Ll?)'_ ‘F(U_\r —Vx)u =

:%Jﬂ~0f+41—m2+u—of:=fi

2
Theo (3.60):
r,=r1,=1, =+ 0+p 1
T T T 1wy 4B
Vay:
l%l__L
NV
Hinh 3.10. us

Tim truc quay r
va gac quay ¢

3.4.2. Xac dinh 3 géc Euler

Trong phdn 3.3.5 di biéu thi su quay clia mot vat thé thong qua cic
géc 9, 0 va ¥, O day 1a bai todn nguge lai, khi da biét trang thai cudi clia
vt the 12 k&l qué cila phép quay do, vin dé 1 tir do xac dinh fai cac goc
quay nay.

Cing nhu phan trén c6 the mé 1a trang thii cudi clia vat thé bang
ma tran Ty (3.53) va nhu vay ta cé:

R(,0,p)=R(z,8). R(».O). Rzy)= T, (3.62)
Trong d6 R(9, 0, ) xéc dinh bang cong thic (3.30).

Lan luot cho can bang cdc phan tu tuong (ng clia 2 ma tran trong
phuong trinh (3.62) ta ¢4 cdc biéu thic sau: '
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u =C,C,C,—S,S, (3.63)

u, = c,C,C, +C,S, : (3.64)
u, = —SUCW _ (3.65)
vV, = —CleUCW - S¢S.,. (3.66)
v, = =S,CeS, +C,S, (3.67)
v, =545, (3.68)
w, =G5, (3.69)
W, = S,Sq (3.70)
w, =C, 3.71)

Tir hé cdc phuong trinh nay xéc dinh ¢, 6, ¥ nhu sau:
Tu (3.71)tacd:

0 = arccosw, =cos_ W, (3.72)

T (3.69) ta cé:

¢ = COS_‘[ .w"' ] : (3.73)
sin @

Tir (3.65) va (3.72) ta c6:

-
W =cos| — —= (3.74)
sin &

Cic 151 giai tir (3.72) dén (3.74) chua dung dugc, boi vi tinh da tri
clia ham luong gidc arccos va boi vi c6 haim $6 sin O & mau s0, cho nén sé
khong xdc dinh khi 8 =0"hoac 6 =75+ 180".

Ngudi ta thudng ding ham arctg2(y.x), goi 1a ham arctg2 bi€n
hodc vin tat hon 1a ham arctg2, voi mue dich xac dinh dugc goc thuc duy
nhit véi dau cha ty thiic y/x. Ham s6 trd vé gia tr1 goc trong khoing -1 <
8 < 7 bing cidch xét ddu clia y va x (hinh 3.11) .
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Vi du:
arctg2 (-1/-1)=-135"
con arctg? (1/1) =45"

Trong mot sb
ngdn ngi lap trinh hién
dai, ham arctg? da cé
san trong thu vién.

Bai vay can thuc
hién thi thuat todn hoc
sau: nhan 2 vé&€ cua
phuong trinh (3.62) vai
ma tran nghich dao
R(z.¢)" ta cé:

X-Y+ 1 X+Y+

X-Y- X+Y-

Hinh 3.11. Ham arctg2 (v, x}

R (z,d)"' T =R (v.0). R (z.'}) (3.75)

VE (rdi chia phuong trinh (3.75) 1a mét ham cua cdc phén W ma
tran T va géc quay 4) Thuc hién phep nhan ma tran ¢ v¢ phai cua (3.75),
tim ra cac phan tlr cla ma tran ¢6 gid tri bang 0 hoac bdng hidng s6, cho
cac phan tu nay can bdng v6i nhitg phan 1 tuong dng clia ma tran ¢ ve

trai. Cu thé tir (3.75) ta cé:

'C, S, 0 0][u,
-S, C, 0 0| |u,
0 0 1 0yjy,
L 0 0 0 1j[0

[C,C, -GS, S
S c, 0

— Y W

0 0 0

- SHC\p SBS\:J Cl}

0]
0
0

]_

Px
Py

P,
1

(3.76)

Nhan 2 ma trin & v€ trai ciia phuong tiinh (3.76) va chd y rang p..
p,. p, bang 0 vi phep bi€n d6i Euler chi toan phép quay, khéng chita mot

phép tinh ti€n nao, ta ¢6 ma tran sau:
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| Cou,+S,u,  C,v, +S,v, Cow +S,w,

" v, W, (3.77)

0

=Syu, +Cu, =S,v. +C,v, =Syw +Cw, 0
0

l._.

0 0 0

Can bang ma tran (3.77) vi ma trdn & v€ phai cha (3.76), cho 2
phan tr & hang 2 ot 3 bing nhau, ta ¢6:

“Syw, + Cyw, =0 (3.78)
tir dé:
S sing W,
Cg cosg w,

vay goc ¢ ¢6 the xdc dinh bang ham arctg2 bién:
¢ =arctg 2 (wy, w,)
sing  —w,

cosg  —w,

Tir (3.78) ta ciing nhan duoc: 189 =

vay trong truong hop nay: ¢ = arctg 2 (-w,, -w,)

Nhu vay phuong trinh (3.78) ¢6 mot cap nghiém cich nhau 180",
khi lap trinh mdy tinh thuong viet: h=¢+ 180"

Néu ci wva w, déu bing 0 thi géc ¢ khong xic dinh dugc, d6 1a
truong hop suy bién va ta lay ¢ = 0.

Tiép tuc so sdnh cdc phan tir ctia 2 ma tedn néi trén ta cé;
Cow, + Sew, = §,
vaw, =C,
Tir do: & = aretg2(C gWy TSw W)
Tiép theo 1a ¢o:
- Seu, + Cyu, = Sy
- Spv + Gy v, = Cy

Viy:
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Y =aretg 2 (- Sgu, + Cyu, - Spv, + Cpv)

Tém lai 3 géc Euler, 161 giai bai todn nguge, duge xdc dinh bang
cac cong thie sau:

¢ =arctg 2 (a,, a,) o (3.79)
0 = arctg 2 (Cyw, + Syw,, w,) ' (3.80)
V= arctg 2 (-Sgu, + Couy, - Spv, + Cp v,) (3.81)

3.4.3. Xac dinh 3 goc RPY

Phép bién déi Roll - Pitch - Yaw (RPY) di dugc md ta & phén
3.3.6. K&t qud clia phép bién doi d6 14 vat thé dat 61 trang théit cudi, mo
ta bang ma tran T, (3.53) va nhu vay ta c6:

RPY ($8.%)=R (z. ). R (7.0). R (x. V) =T, (3.82)

Cich giat bai todn nguoc nay, dé tim cdc nghiém ¢.8.\F tir phuong
trinh (3.82), dugce tién hanh twong ty nhu khi thuc hién 15t giai cho phép
quay Euler & phdn trén.

Nhin hai v&€ ctia (3.82) véi ma tran nghich ddo R(z. §)', ta cé:
Rz ¢)'T.=R(y,0). R (x. V) (3.83)

Sau cdc phép nhan ma tran, ta cé:

[CucrSw, CuorSy,  CoaSyw, 0] )
| =Su, +Cu, —Syv +Crv —Sw +Cw_ 0 { _
u, v, w, OJ
0 0 0 | ) (3.84)
11 C(FSW SUCU 0
| ¢ C, -5, 0
B —S{, Cusw Cncu 0
0 0 0 i

Can bang 2 phén tit ¢ hang 2 ¢6t 1, 1a ¢6:
-Syu,+Gu =0
Phuong trinh nay cho 2 nghiém, nhu da biét:
¢ =arctg 2 (u,, u)
va o= ¢ +180"
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Ti€p wc can bing
phuong trinh (3.84), ta c6:

cac phan tir tuong ing cla 2 ma tran trong
-S,=u,
Co = Cou, + Syu,
do vay:
6 =arctg 2 (-u,, Cou, + Syu,)
Ngoai ra, ta cé:
-Sk|;=-S¢wx+C¢w_\,
Cy=-Sv, + Cyv,

do vay:

W=arctg 2 (S w, - Gy W Spv, + Gy v,)

Nhu vay ta da xéc dinh duoc cic gée Roll, Pitch va Yaw

¢ theo cac
phan tlr cita ma trin Ty bang cdc cong thite sau:
¢ = arctg 2 (u,, u,) (3.85)
8 = arcig 2 (-u,, Cyu, + Spt1,) (3.86)
W =arctg 2 (Syw, - Cow,, - Sv, + Cov,) (3.87)
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CHUONG IV

HE PHUONG TRINH PONG HOC ROBOT

4.1, DAT VAN DE.

Co cdu chap hanh ctia robot thudng 12 mot co cau ho, gom mot
chudi cac khau (links) néi véi nhau bang cdc khop (joints). Cac khop
dong nay 12 khép quay (R) hoac khép tinh tién (T). Dé robot cé thé thao
tac linh hoat, ¢o cdu chép hanh cta né phai ciu tao sao cho diém mut clla
khau cudi cung dam bao dé dang di chuyén theo mét qui dao nao dé.
déng thot khau nay c6 mét dinh huéng nhat dinh theo yeu cau. Khau cudi
cing thudng 13 ban kep (gripper) hoac 1a khau gan lién véi dung cu lam
viéc (tools). Diém mit cla khau cuoi cung la diém dang quan tam nhat vi
d6 1a diém téc dong cua robot lén dai tac va duge goi & "diém tic dong
cudi” (end - effector). Chinh & diém nay can quan tam khong nhiing vi tri
né chiém trong khong gian, ma ca huéng tdc dong cua khau cudi do.

Gén vao "diém tic dong cudi” nay mot h¢ toa do dong thd n va
gin v6i moi khau dong mot hé toa do dong khdc, con gan lién gid do val
hé toa do ¢& dinh. Danh s6 ky hiéu cdc he nay tir o dén n bat dau tir gid <6
dinh. Khi khao sit chuyén dong cta robot cdn biet "dinh vi va dinh
hudng" tai diém téc dong cudi trong moi thoi diém. Nhiéu khi Iai cin biél
ca van t6c va gia 16¢ chuyén dong cua robot tai diém tac dong cudi dé
cling nhu tai céc diém khdc trén robot. D6 12 ndi dung quan trong cua bai
todn vé dong hoc robot. Cdc 101 giai clia bai todn nay dugc xdc dinh
nhitng phuong trinh dong hoc cta robot. Cic phuong trinh nay ta moé hinh
dong hoc cia robot. Chiing duge xay dung trén co & thiét lap cic mol
quan hé giita céc hé toa do dong ndi trén so vdi hé toa do ¢6 dinh.

42, XAC PINH TRANG THAI CUA ROBOT TAl
* PIEM TAC PONG CUOI"

Nhu trén dd nhdn manh tai cdc " diém tdc dong cudi” cha robot
khong nhiing cdn biét vi tri clia diém muit cuia khau cudi cung, tic 1a diém
tac dong ctia robot 1én déi tac, ma con phai xéc dinh huéng tdc dong cua
kltau cudi cing do.

Nhu vay trang thdi cua robot tai diém tac dong cudi” hoan toan
xdc dinh bing sur dinh vi va dinh hu6ng tai diém tac dong cudi dé.
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Nhu da dé cap & phan 3.1.4, bi€u thi su dinh vi va dinh huéng dé
bing, ma wn trang thi cu6i Tp. Ma tran nay duge viét lai nhu sau:

u, Vv we Py 1
u v, w, p.
T. — Al ¥ » i
* u. v, w. P D
| O 0 O 1]

Trong d6 cdc phdn tu cua ma tran 3x1 1 toa do p,. p,» P, cua
diém tac dong cudi” (E); Mbi cOl cua ma trdn quay 3x3 13 mot vécto don
vi chi phuong mét tryc ciia heé toa do dong UVW biéu dién trong toa do
¢o dinh XYZ.

Heé toa do dong UVW gin lién véi khau cudi cling va ¢6 goc 1a”
diém téc dong cusi’. Néu theo ky hi¢u cdc he toa do dugc xéc dinh danh
56 tir o dén n thi thay thé UVW bang x, vy, Z, tuong img.

Trong nhiéu ti liéu k¥ thudt clia nude ngoai ding ca ky hieu hé
toa do nay lan, s, a. Céc ky hieu hé toa do nay 1a hoan toan tuong ung
v6i nhau va duge ding tuy noi d€ thich hop véi tinh hé thong khi dién dat
G noi do:

UVW-~X,¥,.2,~MS4a

Trén hinh 4.1 biéu thi cic hé toa do ndy. so vOi h¢ toa do c6 dinh

xn y“'

%o %

Hinh 4.1. Hé toa do gén lién vi ban kep
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Hé toa do gan lién véi ban kep clia robot c6 cdc vécta don vi chi
phuong cdc truc nhu sau:

a - vectd c6 hudng tiép can (approach) véi doi tac.

s - vecto ¢6 huéng dudng trugt (sliding) déng m& ban kep. C6 i
licw con goi 12 phiwong ndm bét (occupation) va ky hi¢u la o.

n - vecto phdp tuyén (normal).
n=s5xa (4.2)
va nhu vay s=axn (4.3)
Thay ky hiéu hé toa d6 UVW bing n, s, & ¢6 thé viét lai ma trin
trang thdi cudi T (4.1) nhu sau:
n, s, 4, P,
p,
p. (4.4}
0 O |

=
o
2 R
~

- ¥ ¥
T, =

X
-
2

<

Viéc dinh hudng khéu Zy
cudi ¢é thé thuc hién theo 4
phép quay Roll - Pitch - Yaw
hay mot s6 phép quay khdc, Roll
Hinh 4.2 biéu thi cic géc quay ol.o
Roll - Pitch - Yaw cua ban kep N
robot. - .y
Bian kep cla robot ¢6 Yaw,V \> "

thé téc dong truc tiép véi déi ‘l'i -

i

I

|

tugng vi du cdm, ndm va di

chuyén ching. Nhiéu khi cédc

dung cu thao tic lai dugc kep

chat trong ban kep hoic gan

truc tié'[i» voi cénh tay cua Hinh 4.2.

mtf?‘t.’ Lic dé"l, dlé\m tdc d{)r}g Céc géc quay Roll - Pitch - Yaw

cusi” duge hiéu la diém dau ctia ban kep robot

mit ciia dung cu. Trén hinh

4.3 motahetoa do X,. Y, Z, ganlién véi diém diau mat cua dung cu,
trong dé truc z, ndm doc theo phuong cua dung cu.
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Hinh 4.3.
He toa d6 gdn lién véi dung cu.

Yn

4.3. MO HINH PONG HOC
4.3.1. Ma tran quan h¢

Chon hé toa do ¢& dinh gin lién véi gid d6 va cdc he toa do dong
gin voi timg khau dong. Ky hiéu cdc hé toa dd nay tir 0 dén n, ké tir gid
¢6 dinh tré di.

Mot didm bat k¥ ndo d6 trong khong gian dugc xdc dinh trong hé
toa do thit i bing ban kinh vécto r; va trong he toa do c6 dinh X, Yo Z
duoc xac dinh bang ban kinh véctd ry:

r=AA . AT 4.5)
hoac r, =1, (4.6)
vai T=AA,...A ,1=l....n 4.7

Trong d6 ma trin A, mo ta vi tri va huéng cla khau dau tien: ma
tran A, mo ta vi tri vh hudng cta khau thit 2 so v6i khau dau: ma tran A,
mo ta vi trf va hudng cta khau thit i so v6i khau thiti - 1.

Nhu vay. tich cia cdc ma tran A, 1a ma tran T, mo @ vi ti va
huéng clia khau thd i so véi gid ¢6 dinh. Thudng ky hieu ma tran T v 2
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chi s6- trén va dudi. Chi s6 dudi dé chi khau dang xét con chi s6 trén dé
chi toa do dugce dung dé ddi chigu. Viduy, bidu thic (4.7) cé thé viét lai la:

T="T,=A"T, (4.8)
voi T = AyA LA (4.9)
12 ma tran mé t4 vi tri va huéng cua khdu thi i so v6i khau thi nhat.
Trong ky hi¢u thudng bo qua chi s6 trén néu chi s6 dé bang 0.

Denavit J.& Hartenberg R.S. [5] da dé xuat dung ma tran thuan
nhat 4x4 & mo ta quan he gilta 2 khau lién ti€p trong co cau khong gian.
Pieper D.L. [12] da dau tien dp dung ma tran thuan nhat 4x4 trong nghién
ctru robot. Litvin F.L.[54] da ding ma tran thudn nhit 4x4 trong nghién
citu 1y thuyét an khdp bdnh rang.

4.3.2. Bo thong s6 DH

Duéi day trinh bay cdch xay dung cdc he toa d6 doi vl 2 khau
dong lien tiép i va i+1. Hinh 4.4 la tredmg hop 2 khép dong lién tiép la
khop quay. Hinh 4.5 khop i 1a khdp tinh ti€n.

Ahp e

‘-«.\‘r Zal' I

—
| /

ap‘.

—

Hinh 4.4. Cic hé toa d6 d6i véi 2 khau dong lien tiép
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Hinh 4.5. Cdc hé tog d6 d6i vai 2 khau déng lién tiép ¢6 khdp tinh tién

Trudc hét xdc dinh bo thong s6 co ban giita 2 truc quay cua khép
dongi+lvaun

a, Ia do dai dudng vudng gdc chung gilta 2 truc khép dong i +1 va
L.

o, 14 gbée chéo giita 2 truc khép dong i +1 va i

d, 1a khoang cdch do doc truc khép dong i tr dudng vudng gdc
chung gitra truc khép dong i +1 va truc khop dong 1 10i duong vudng goc
chung gilia khdp dong 1 va truc khép dong i-1.

0,k géc gitra hai dudng vudng géc chung néi trén.

Bo thong s6 nay dugc goi la b thong s6 Denavit - Hartenberg,
hoac viét tat 1A bg thong s¢ DH.

Bién khop (joint variable):
Néu khop dong i 13 khdp quay thi 8, 1a bién khop.
Néu khop dong i 12 tinh ti€n thid, la bién khdp-.

Dé ky hiéu bién khdp diing thém dau * va trong trudng hgp khdp
tinh tién thi a, dugc xem 12 bang 0.

4.3.3. Thiét 1ap hé toa do.

Géc chia hé toa do gan lién v6i khau tha 1 (goi 1a h¢ toa do thi 1)
dat tai giao diém gitia dudmg vudng géc chung (a,) va truc khép dong i+1.
Trudng hop 2 truc giao nhau thi goc he toa d6 18y tring véi giao diém do.
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Néu 2 tryc song song véi nhau thi chon goc hé toa do 1a diém bat ky trén
truc khép dong i+1. _

Truc z; ciia hé toa do thit i ndm doc theo truc khép dong i+1.

Truc x; cha heé toa do thir i ndm doc theo dudmg vuong goc chung
hudng tr khép dong i dén khép dong i+1. Truong hop 2 truc giao nhau,
hudng tryc x; tring v6i hudng vécto tich z, x 7, ,, tite 12 vudng goc vl mat
phang chita 7z, ,.

Vidy I: Xét mot tay mdy ¢6 2 khau phang nhu hinh 4.6

Hinh 4.6. Tay mdy c6 2 khau phdng ( vi tri bt ky)
Gan céc hé toa do v6i cdc khau nhy trén hinh 4.6
Truc z,,2, va z, vudng géc vdi mat td giay.
Hé toa d6 c6 dinh la o,x,y,z, chiéu x, huéng tir o, dén o,.
He toa do 0,x,y,z, ¢6 géic o, dat tai 1am truc khép déng 2.

He¢ 10a d6 0,x,y,2, 6 gdc o, dat tai am tryc khdp déng cudi
khau 2.

Bang théng s6 DH ctia tay mdy nay nhur sau:

Khau 9, o 4, d;
| 8 0 a, 0
L 2 B, | 0 ES 0

Vidy 2: Robot SCARA c6 4 khau nhu hinh 4.7. Day 1a robot ¢6
cau hinh kiéu RRTR {todn khép quay R). Ban kep c6 chuyén dong xoay
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xung quanh uuc thang ding. Cic hé toa do gin lén cdc khau nhu
kinh 4.7.

az .
Z 7 -
4 X 92 "F !
oty i i
O — » » X3
| X 7,
Y -
a R d3I
il e 4
O'g d
X ' 4
! v
O,
X4 0,
2. 2,

Hinh 4.7. Robot SCARA va céc hé tog do

D61 v6i tay mdy nay, cic truc khdp dong déu song song v6i nhau.
B6 thong s6 DH cua robot SCARA lap thanh bang sau:

Khau B, o 4 D,
1 0, G & 0
2 8, 180" a, 0
3 0 0 D,
4 0, . 0 0 D,

4.3.4. Mo hinh bién doi.

Trén co s dd xay dung cdc he toa do véi 2 khau dong lién tiép
nhu trén da trinh bay, c6 thé thiét lap méi quan hé gita 2 hé toa do lien
ti€p theo 4 budc sau day:

1. Quay quanh tryc z_, mot goc 6,
2. Tinhti€n doc tryc z,, mét quing d..
3. Tinh ti€n doc truc x| (dd tring v6i X,) mot doan a,.

4. Quay quanh truc x; mét géc o,
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Bon budc bién déi nay duge biéu hién bang tich cdc ma tran thuan
nhét sau:

A, =R(z,0,).T (0,0,d;).T (a;,0,0).R{x,ct;) (4.10)

Biéu thitc (4.10) 1a quan hé giita hé toa d6 i so v6i hé toa do i-1 va
duoc goi la mé hink DH (DH - model). Céch thiét 1ap mo6 hinh dong hoc
theo kiéu mo hinh DH 10 ra thuan tién trong Khi giai quyét cdc van dé co
hoc robot, vi theé duge ding kha rong rai. Ngoai ra con tén tai mot vai
cdch khdc dé thiét 1ap mo hinh dong hoc nhur Universal - model, S- model
[26].

Céc ma tran ¢ v€ phai phuong trinh (4.10) tinh theo cac cong thic
(3.41). (3.37) va (3.39). Sau khi thuc hién phép nhén cidc ma tran ndi trén,
ta co:

Cy —-S,Co SuS, aC,]
W |Se GCu -CuSa aS,
| 0 S, c. ' d (4.11)
0 0 0 .
D1 vEi khdp tinh tién (a = 0) thi ma trin A, ¢6 dang:
_Caf -8 G’ECm' S 0i Sm‘ 0|
o1 Sa CaCy —CuS, O
’ 0 S, C, d (4.12)
|0 0 0 I

D6i v6i khép quay thi bién khép 1a 6, con ddi véi khdp tinh thi
bich khép 12 d..

4.3.5. Phuong trinh déng hoc.

Ma trian T, 14 tich cdc ma tran A, (xem 4.7) va la ma trdn mo ta vi
tri vd hudng cla hé toa do gan lién véi khau thit i, so v6i hé toa do c6
dinh. Trong trudng hop i = n. véi n 1a s6 hi¢u chi h¢ toa d6 gan lién véi "
diém tac dong cudi” (E) thi ti (4.7) ta cé:

T,=AA, .. A, (4.13)
Mat khic, hé toa dé tai " diém tic dong cudi” nay dugc mo ta
bing ma tran T; (xem (4.4)). Vi vay hién nhién la:
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T =T, (4.14)

Hoac:

3
et

[
p

Q
=
S
=

i, s a
Yoty Ay Py T, @15

[0 0 o0 |

Phuong trinh (4.15) 13 phuong trinh dong hoc co bin ctia robot.

4.4. TRINH TU THIET LAP HE PHUONG TRINH PONG
HOC CUA ROBOT.,

Dé thiet 1ap phuong trinh dong hoc cia robot, ¢6 thé tien hanh
theo céc bude sau:

1. Xic dinh céc hé toa do
Viéc gan he toa d0 véi cac khau ¢6 vaj trd rdt quan trong khij thiet

lap he phuqng trinh dong hoc cia robot. Nguyen tic chung di trinh bay
mot cich tong qudr trong phdn 4.3. Trong thue t€ cac truc noi khép dong

- Truc z; phii chon ciing phurong véi truc khép dong i+1

- Cdc h¢ toa do phai tuan theo qui tac ban tay phai, nhu di néu
trong phdn 3.1, '

- Khi gan he toa do len cdc khau, phdi tuan theo cic phép bién déi
cua ma tran A, (xem 4.10). Ds [a 4 phép bien dé;

R0, Tp(0,0,d)).Tp(a;,0.0). Rix,ar)

Nhur vay ¢6 thé xem hé toa do tht i + 1 13 do phép bién ddi i he
toa do thit i. Cdc phép quay (R) va tinh tien (T,) trong céc phép bién dé;

nay phai cé mat trong cdc phép bién ddi ciia ma tran A, (4.10). Cic thong

56 DH ciing duge xic dinh dya vio cac phép bien déj nay.

Vi du, néu viéc gin mot he toa do nio dé ma g6c¢ o; da tinh tien
doc theo truc y, | mot doan thi viéc Iam d4 khong ding vi khong c6 phép
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bi¢n déi T, (0.y,0) trong ma tran A,. Tuong ty cing khong ¢6 phep quay
quanh truc v trong ma {ran A

Viéc gan he toa do lén cic khau & vi tri, khi ma cdc bién khop co
gid tr ban dau, thuong bang 0.

2. Lap bdng thong s6 DH.

3. Xic dinh cdc ma trgn A, theo cdc thong s¢ DH.
4. Tinh cde matranT,.

5. Lap phitong wrinh déng hoc co bdn.

Sau day trinh bay chi tiét cic budc khi thiét lap hé phuong trinh
dong hoc cla robot:

Vi dii: Cho mot robot ¢ 3 xhau véi cau hinh RRT nhu hinh 4.8.
Hay thiét lap hé phuong trinh dong hoc cha robot nay.

Giai.

1. Xde dinh cac hé toa d¢

Pat cdc trye toa do z (i =0.1,2,3) cing phuong v6i céc truc khép
dong, nhu trén hinh 4.9.

Truc z,xem nhu 12 di quay di mot géc 90" so voi truc z,. Bude
quay nay tuong ung v4i phép quay R(x,.e,) trong biéu thic tinh ma tran
A.. Muon vay, truc X, phai vuong géc véi z, va z,. Chon chiéu cua x,, tif

trai sang phai dé goc quay o, = +90" ( chiéu quay duong la chiéu quay
ngugc chiéu kim dong hé).

%
_ﬂé — -~

%L__F_ =
\;F/ﬂ,
|
|

Hinh 4.8. Robot RRT Hinh 4.9. Bt cdc hé toa do theo

phurong dn 1
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Gd&c o, di chon xem nhu 1a da tinh tién doc truc z, mot doan d, so
vdi goc o, va tuong ttng vdi phép bicn déi T, (0,0,d).

Cic truc v, vi y, xéc dinh theo qui tac ban tay phai.

Néu chon truc z, nhy hinh 4.9, tic 1a xem nhu 14 da quay truc z, di
mot géc 90" quanh truc v, thi phép bicn déi nay khong cé trong biéu thic
tinh A, nén khong ding dugc va cin thay déi vi tri cua khau thit 3 nhu
trén hinh 4.10. tic la thay d6i vi uri ban dau cia robot dé 1am moc tinh
todn.

Theo hinh 4.10. truc z, c6 phuong thang dimg, ¢ vi trf nay xem
nhu truc z, di quay quanh truc X, mot goc o= - 90" dé thanh z,. Nhung
néu van dat goc toa do o, tai vi tri cd nhu phuong an 1 wén hinh 4.9 thi
xem nhu la di tinh tién g toa do o, di mot doan doc truc y,, urc la thuc
hien phép tinh tién T ( o,y,0). Tuy nhién phép tinh tién nay khong c6 mat
trong hicu thitc tinh A, Do vay phai chon gdc toa do o, trung véi goc toa
do o,, tic ta dé do tinh tién doc theo truc'y bang 0.

Hinh 4.10. Hé toa do gdn lién 1én cdc khau
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Pat g6c o, tal tam ban kep vi chon truc z;, x; nhu trén hinh 4.10.
Nhu vay 12 da tinh tién goc toa dé doc theo truc z, mot doan d,, tuong ng
vdi phép bien doi T,( 0,0.ds). & day d, 1a bién khép.

2. Lép bdng thong s6 DH nhut sait:

bang irén, ta co:

FC{H 0 S{?i ]
Al: Sal 0 FC{H 0
0 1 0 d,
o 0 0 1]
C,, 0 -S, O
A2: SUZ 0 C(JZ 0
o -1 0 0O
0 0 0 1
1 0 O
0 1 O
A=
0 0 1 d,
0 0 0 I

4. Tinh cdc ma tranT,
Ma tran 7T = A,
Ma tran ‘T, = Ay ' Ty
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l—cr)z 0 =Sy of1 00 (ﬂ rCm 0 =S, ‘Sezda_
T = S 0 G, 0J0 100 S% 0 G Gds
C0 10 000t dl |0 -1 o g

L0 0 0 1fooo 1] o o o |

Matran T,= A . 'T,

rcm 0 Sm 0 I—Cez 0 ‘Soz _'Sezd3
Sm 0 _Cm 0 Sn: 0 Cez Cezds
; O 1 0 d 0o =1 U
LO 0 0o 1o o o I

I—Cmcoz - Sm - CmSoz - Cngmdﬂ

Smcoz Cm - S{J]S92 - SOISfDdB

SI’)Z O C02 C(}2d3 + dl
0 0 0 1

L _

S. Thiét lap phirong wrink; dong hoc
Theo phuong trinh {(4.15) 6day n =3, ta cé:

y Sx ay  py

ny sy a,, Py |_ -

z Sz a4z p, 3
| 0 0 0 1
Tir dé ta ¢6 he phuong trinh sau:
n, = Cy, G, n, =Sy, Gy, n, = Sg,
s, = -Sg, s, = Cy, s, =0
a, = - Cy, Sy, a, = -8y,8, 8, =Gy

P, = - Gy, S, d, Py =-5¢,S0,d; p,= Cflz.d4 +d,
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4.5. MO HINH TOAN DO CHUYEN 0]

Tix (4.7) lap bicu thic Ts d6i véi trudng hop n = 6. 1a trudng hop
thuong gap:

Te= AIA2A3A4ASA(\ (4.16)

T, 1a ma trdn mo th vi tri v hudng cua Khau thi 6 trong hé toa do
co s0 ghn véi gid d8, cO Ky higu 1a s6 0.

Dé mo ta T, trong hé toy do trung gian ndo do, vi du, h¢ toa do thir
Kk, thitading céch lap biéu thic twong tu phir da tam véi (4.9)

‘T, = T1 4 ' @.17)

Hinh 4.11. Robot vé vat
thé doi tdc

Khi hoat dong robot con phéi cé quan hé v4i d6i tdc vh céc thict
bi chung quanh, vi vay cin mo ta T, trong he toa do chung nao dé. Viduy,
hé toa do co s gén lién véi gia d6 robot lai lién he v6i he toa do chung
béi phép bién déi z (hinh 4.11). Ban kep chia robot lai ¢6 gn mot cong
cu, ¢6 quan he voi vat {hé déi téc boi phép bién ddi E. Nhu vay vi uf va
hudng cua cong cu tai diém cudi duge mo ta trong hé toa do chung bai X:

X=ZTE {4.18)
Quan hé (4.18) cQ thé mé ta biang mo hinh todn d6 chuyén doi
. (transform graph) trén hinh 4.12.
Tir toan dé nay 6 thé rdt ra:
T,=Z'XE" (4.19)

v6éi 7' va B 1a cdc ma trdn nghich dao.
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Hinh 4.12. Mé hinh todn d6 chuyén ddi
~ 4.6. HE PHUONG TRINH PONG HOC CUA CAC ROBOT
PIEN HINH
4.6.1. Hé phuong trinh dong hoc cia robot Stanford

Robot Stanford ¢6 6 khau vdi cau hinh RRTRRR (khép thi 3 la
khép tinh tién T, con lai 14 cac khép quay R). Két cau ctia robot Stanford
nhu hinh 4.13. .

L/

Hinh 4.13. Robot Stanford
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Trén hinh 4.14 tinh bay m6 hinh ca robot Stanford véi viéc gin
chc he toa do len Mg khau. DE don gian trong khi viét cdc phuong trinh
dong hoc cua robot, qui udc cach viél tht céc ham lugng gidc nhu sau:

C, =cos 9, C,=cos b,

S, = sin 6, S, =sin 0,

C, =cos (0, + 9,) . S,=sm {6, +0,)
S = sin (0, + 0. +0,)
C,,, = Cos (0, + 0, +0.)

He
toa do gan
1én cac
khau cua
robot nhu
hinh 4.14

—Xﬂ (kich thudc
cha  khau

\% chap hanh

Z, cudi ¢ thé

! thay d61 khi

_ gan céc

cOng cu
khiac nhau
nén chon
0, =05

Hinh 4.14. Hé tog do clia Robot Stanford

Bang thong <6 DH (Denavlt - Hartenberg) cua robot Stanford nhu

L 6 ‘_-_-_
# - Cac bién khd _
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Cic ma tran A clia robot Stanford duge xéc dinh nhu sauw:

c, 0

S, 0
A =

0 -1

0 0

100

010
A, =

0 0 1

0 00

C, 0

S, 0
A =1

0 1

[0 0

-85, 0]
c, 0
0 0
0 1
07
0
d3
1_
S, 0]
-C, 0
0 0
0 1]

e,
S
0

L~

L

C

4

S

N

0
0
L 0
C

o

S
’ 0
0

=

L

0
0
I
0

C
0
0 0

S2
- C,
0
0

o
_ O

0]
0
d,

(4.20)

1

Tich ctia cdc ma tran A, d61 véi robot Stanford dugc bat dau ¢

khau 6 va chuyén dan vé goc; theo thit tir nay ta co:

C, -5, 0
57;25'6 c, O
0 0 1

L 0 0 O

[ C,C,

S.C
4Tozf‘qut‘..: e
Se

L 0

.

0

0

]_

-CS, S,

-5S, -C
c, 0
0 0

4.21)

(4.22)
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rC4C5C(1 ~S5S _C4C_<Sf, —5,C C455 0
P S.CC+CS, =S,GS,+C,C, 8,5, 0 .
-8,C, 84S, C, 0]¢23)
0 0 0 1
_C4C5Co =55, _C4C586 =8:C CySs 0]
27 :AAAjAﬁ= S4C5C+C;Sﬁ _"S4CSS6 +C1Q, 8485 0
o -S.C, S, G d, |42
0 0 0 1]
CEGG-S8)-SSG ~GICGGASG)+SSS,
T = AAAAA = SEEG-SSHESG -S(GAG+S5)-GSS,
“ SCGHGS, -SGS,+GS,
] 0 0
C,CSs+S,C Sd, |
S2C4SS -G - Cd;
S,S, d, (4.25)
0 I
Cuéi cling: _
[CC, -CS, S, 0
8C, =88, -C, 0
7; — 36 o 5 :A||7;
S, C, 0 0 (4.26)
| 0 0 0 1]

Dé tinh T,, phdi nhan A, v6i 'T, sau d6 can bang cdc phin tr cia
ma trdn T, o cd hai v€, dugc hé théng cdc phuong trinh sau:
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n, = §[C(C,C.C, - S8, - S,8:C] + C(S,CC, + C,S,)
n, = -S, (C,CC, - S,S,) - C,S.C.

8¢ = CL-CUC,CSe+ S,Cy) + S,8.5,] - S,(-S,C,S, + C,C,)
Sy = S| FGCCSe+ S ,Co) + 5,5.8,] + C-SCL + G
5, = S(C,CS+ S ,C) + C,S5:S,

0, = G CCLE, - 5,59 - $,5:C,) - $,(SC.C, + C.50) W

a, = C(C,CS, + $,Cy) - S,S,S. F (4.27)
a, = 8§, (GCS; + 5,C5) + CS,S,
a, = - 5.C,S5. + CC,
p. = CS,d, - S,d,
Py =55d,+Cd,
p, = Gd;
‘ y

Neéu biét dugc gia trj cla bién khdp, thi vi tri va hudng cia ban tay
robot s& tim dugc bang cdch xdc dinh cic gid trj cdc phan tir ctia T, theo
cac phuong trinh trén.

Céc phuong trinh trén goi 1a hé phuong trinh dong hoc cua robot.

4.6.2. H¢ phuong trinh dong hoc cita robot ELBOW:

D¢ hi€u 16 hon vé cdch thiét 1ap h¢ phuong trinh dong hoc cla
robot, ta xét thém trtrfmg hgp robot Elbow (hinh 4.15).

Ky 2 Ky 3

Hinh 4.15. Robot Elbow
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Hinh 4.16. Vi tri ban ddu cta robot Elbow vd cdc hé tog do

Bang thong s6 DH ciia robot Elbow

* _ cac bién khdp
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Cdc ma trdn A; cta robot Elbow dugc xdc dinh nhu sau;

{Cl 0 S 0 G, -8, 0 Ca,)
S0 —-C 0 S, C 0 Sa
A, = A= T o
i 0 1 0 0 0 0 1 ©
{0 0 0 0] 0 0 0 1 |
€, =S, 0 Ca| G 0 =S Ca
A = S, G 0 Sg A= 5 0 G Sa |
10 0 1 0 0 -1 0 0 (4.28)
0 0 0 1 | 00 0 1
C, 00 S, O] C, —S, 0 0]
S0 -C, 0 S, C, 00
Ag _ : s Aﬁ - 3} 6
101 0 0 10 0 10
0 0 0 1] (0 0 0 1]

Xéc dinh cdc ma tran T, theo cde hé toa do 14n luot ti khau cusi
trG vé goc:

'C, =S, 0 0
5 S() C() 0 0
T, =
0 0 I 0 (4.29)
0 0 0 1]
C,C, '—CSS(, S, 0]
S.C,. -85S —-C. 0
4 _ _ ] Ps%e 576 5
Ty = AsA, = 5, c, 0 0 (4.30)
0 0 0 1]
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CCC—Sd C,CS, S CiSs C-4a‘t‘\
; S,CC,+CiS — S,.CS, +CG S5 S
7; = AqAaAe» - ‘SSC(, 8586 C. 0 (431

>

0 0 0 1

Qq@q —S565% -CGS 5 G Gy +C3a3_\

3 S, GG +GS —S5 55 +CG AR Sy, H5:
7;) :A}A-‘IASAG = '"SSG., Sss() C; 0 (432}

0 0 0 1

'T, = AAAAL =
GG =S558 — Gl =5, Cusss Gt +C +Ga
= Sl + G =8, L% TGl SpSs S +S,,+ 50 (4.33)

-SG SeS C, 0
0 | 0 0 o
Cudi cung:
n, S, a, D«
. n S, a ,
T, = ' ’ y B = Al\Te.
n, S. a. P: (4.34)
0 0 O 1

Dé tinh T, phai nhan A, v 'T. sau d6 can bang céc phén tir cua
ma tran T, dugc mot hé théng céc phuong trinh sau:
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n, = C Gy Gl - 55305¢) - §,5:C, \
n, = S(C0.CCs - 551,54 + C,S:.C
n, =5,,CC +GuS

S, = -C(C,.CS5+ S,,.C) + 5,554
S, =-5/(C,,,CS+ 5,.,C) - C,8:5,

S, = -5, CSet GG > (4.35)

a, = C,C,0.8: + §,C;

a, = 5,G,5,8; - C,C

4, = - 5y,

P, = Ci(Cuaast Cat Gy,

p, = S;( Cpuja, + Cra: + Coay)

P, = Sy + Spiast Saay _/

Nhan xét

Thiét lap hé phuong trinh déng hoc 12 budc rdt quan trong dé c6
thé dua vio dé dé phan tich sy hoat dong cua robot va lap trinh diéu khién
robot.

Néu cho trudc cdc gid tri cua biéu khdp thay déi theo thoi gian, thi
vi tri va hudng ctia ban kep robot trong moi thoi diém sé hoan toan xic
dinh tir hé phuong trinh déng hoc ndi trén. D4 14 néi dung chi yéu cua
bai toan dong hoc thuan. Con bai todn dong hoc nguge thi lai nham xéc
dinh gid tri cGa cdc bién khdp theo cdc thong 6 trang thdi da biét cua "
diém tac dong cudi". D€ xdc dinh duge cdc gid tri d6 ciing xuat phat tir
viéc giai hé cic phuong trinh dong hoc néi trén.

Phuong phap thiét iap hé cic phuong trinh ddng hoc, trinh bay
trong chuong ndy, ¢6 thé ap dung cho robot n bac ww do. Tuy nhién n < 6
Ia nhiing truong hop thuong gap trong cong nghiép.

Viéc tinh toan cdc ma tran ‘T, d€ thiét 1ap hé cdc phuong trinh
déng hoc cua robot, nhu da thdy & phan trén, la viéc mét rat nhiéu thoi
gian va dé nham lan. B&i vay sé rdt c6 ¢ nghia néu sit dung mdy tinh dé
tinh todn céc ma tran ndi trén véi 100 giai khong phai bang s6 ma bang
cdc biéu thitc giai tich. Trong [39] ching t6i da trinh bay mot chwong
trinh tinh todn nhu viy dé thiét 1ap cdc phuong trinh déng hoc ciia robot &
dang cédc biéu thifc giai tich da rit gon. Sau dé da cai tién chuong trinh
nay bang cdch d4p dung MATLAB.
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pé s dung chuong tfinh tinh todn nay chi can dua vho bang
thong s¢ DH clia robot. Vi du. d&1 v&i robot Elbow ta da thiét 1ap bang
thong s DH nhr tren vi két qua tinh 1oan sau day in ra 1 MAy tinh d¢ so
<anh voi két qua tinh todn bing tay ¢ phén trén.

D&i v6i mot o ki€u robot khac duoc gidi thicu & cac phén sau,
déu sit dung chuong trich mdy tinh nay.

Thiét lap phuong trinh dong hoc cta robol Elbow:
SG khdpn =6

Ma tran : A(6)

+C6  -S6 0 0
486 +C6 O it
0 Q +1 0
0 0 o+l

Ma trin BDDN: T(5.6) = A(6);
Ma tran @ A()

+C5 0 +55 0
+S5 o -GS 0
0 +1 0 0
0 0 0 +1

Ma tran BDDN T(4,6) = A5¥T(5,6)

T(1.,1) = C5*C6:
T(1.2) = -C5*36;
T(1,3) = S5
T(1,4) =0:
T(2.1) = $5%C6;
T(2,2) = -§5*86;

T(2,3) = -C5;
T(2,4) = 0,
T(3.1) = 56
T(3,2) = C6;
T3.3)=0;

TGR.AH =0
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Ma tran : A(4)

+C4 0 -S4 +C4a4
+54 0 +C4 +S4a4
0 -1 0 0
0 0 0 +1

Ma tran BDDN T(3,6) = A4*T(4.6)

Ti1,1) = C4*C5*C6-54*S56;
T(1,2) = -C4*C5*56-54*C6;
T(1,3) = C4*S5;

T(1,4) = Cad*ad;

T(2,1) = S4*C5*C6+C4*56;
T(2,2) = -S4*C5*S6+C4*C6;
T(2,3) = S4*85;

T(2,4) = S4*a4;

T(3,1) = -S5*C6;

T(3,2) = $5*56;
T(3.3)=C5:

Ti3,4) =0,

Ma tran : A(3)

+C3 -83 0 +C3a3
+53 +C3 0 +S83a3
0 0 +1 0
0 0 0+l

Ma tran BDDN T(2,6) = A3*T(3,6)

T(1,1} = C34*C5*C6-534*56;
T(1,2) = -C34*C5*56-534*C6;
T(1,3) = C34*85;

T(1,4) = C34*a4+C3*a3;
T(2,1) = S34*C5*C6+C34* 56,
T(2,2) = -834*C5*S6+C34*C6;
T(2,3) = S34*855;

T(2,4) = §34*ad4+53*%a3;
T(3.1) = -85*C6;

T(3,2) = 55*56;

T(3,3)y = C5;

T34 =0,

113



114

Ma tran : A(2)

42 sz 0 +C2a2
+S2 +C2 0 +S2a2
0 0 +1 0
0O 0 0 <+

Ma tran BDDN T(1.6) = A2*T(2,6)

T(1,1) = C234*C5*C6-5234*S6;
T(1.2) = -C234*C5*56-5234*C6;
T(1.3) = C234*85:

Ti(1.4) = C234%a4+C23*a3+C2*a2;
T(2,1) = S234*C5*C6+C234*86:
T(2.2) = -8234¥(C5*S6+C234*C6:
T(2,3) = S234*85;

T(2,4) = §234*a4+523*a3+82%a2;
T(3.1) = -S5*C6;

T(3,2) = 55*86:

T(3,3y = C5;
T(3.4)=0;
Ma tran @ A(l)
+Cl1 0 +S1 0
+S1 0 -Cl 0
0 +1 0 0
0 0 0 +1

Ma tran BDDN T(0,6) = A1*T(1,6)
Hay hé phuong trinh déng hoc cha robot Elbow.

Nx = C1*(C234*C5*C6-8234*56)-S1*55*(6;

Ox = CI*(-C234*(C5%86-8234*C6)+51*S5%56;
Ax = C1*(C234*§5)+S1*C5;

Px = C1#¥(C234*a4+C23%*a3+C2%a2});

Ny = S1*(C234*C5*C6-5234*56)+C1*S5*C6;
Oy = SI1*(-C234*(C5*%56-5234*(6)-C1*55*S6;
Ay = S1*(C234*85)-C1*(C5;

Py = S1*(C234*a4+C23*a3+C2*a2);

Nz = §234*C5*C6-+(234%586;

Oz = -S234*C5*S6+C234*(6;

Az = §234%85;

Pz = S234*a4+8523*a3+S2*a2



4.6.3 Hé phuong trinh dong hoc ciia robot Adept One.

Robot Adept One la sdn pham cita Lién hiep Cong nghe Adept
(M) san xuat. D6 la mot kidu robot thuge loai SCARA ( xem hinh 4.7).
Robot Adept One tuy ra doi muon hon nhung da duge ung dung twong
doi rong rdi trong cong nghiép, trudc hét 1a do két cau don gian.

Hinh 4.17 12 mo hinh Robot Adept One ciing céc hé toa do gin
l1én vé1 cide khau. Con tong bang sau day 1a bo thong s6 DH cuiia robot
Adept One

Thong s6 DH cla robot Adept One

| Khau B, | o a d; Khdp
i g, 0 . a, d, R
2 1 g ot L, 0
3 0 0 0 N N
4 5. 0 0 d, R
*- ¢dc bién khdp ]

O trang ti€p theo trinh bay két qua thiét 1ap he cic phuong trinh
dong hoc robot Adept One bang mdy tinh.

]
el §

n

—_— it 4__& s} {
X
A — ' g
[ i Y, [
; ¥ “ la
‘ ; W,
. v =
o ()l
| Xy
_D_ U Xe l
re— ;
I |
L} . o

Hinh 4.17. Robot Adept One
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Thiét ldp phuong trinh déong hoc cua robot Adept one.

S6 khop n = 4

Ma trin : A(4)
+C4 -S4 0 0
+84 +C4 O 0
0 0 +1 +d4
0 0 0 +1

Ma tran BDDN : T(3.4) = A(4);

Ma trin : A(3)
+1 0 Q 0
0 +1 0 0
0 0 +1 +d3
0 0 0 +]

Ma trin BDDN T(2.4) = A3*T(3,4)

T(1,1) = C4,
T(1,2) = -$4;
T(1,3)=0;
T(1,4y=0,
T(2,1) = 84,
T(2,2) =C4;
T2,3)y=0;
T(2,4)=0;
T3,1)y=0
T(3,2) =0
T(3,3) = 1;
T(3,4) = d4+d3;

Ma trin : A(2)

+C2 482 0 +C2a2
+S52 -C2 0 +82a2
] 0 -1 0
0 0 0 +1

Ma tran BDDN T(1,4) = A2*T(2,4)
T(l,1) = C2*C4+52%54;

T(1,2) = -C2*54+82*(4;
T(1,3) = 0;



T(1.4) = C2*a2;

T(2,1) = S2*(C4-C2*S84;
T(2,2) = -S2*84-C2*C4:
T(2,3)=0;

T(2.4) = S2*a2;

TG,y =0,

T(3.2y=0;

T3.2y=-1:

T(3,4) = -(d4+d3);

Ma tran : A(1)

+C] -S§l 0 +Clal
+S51 +Cl1 0 +Slal
0 0O  +1 +dl
0 0 0  +1

Ma tran BDDN T(0,4) = A1*T(1.4)
Hay. hé phuong trinh dong hoc ctlia robot Adept One.

Nx = CI12*C4+48512*54;
Ox = -C12*84+8]2*C4;
Ax =0

Px = C12*a2+Cl*al;
Ny = S12*C4-C12*%54;
Oy =-512*84-C12%C4;
r‘\}’ = 0;

Py = S12*a2+S1*al;
Nz =0;

Qz=0

Az=-1;

Pz = -{d4+d3)+d1;

4.6.4 H¢ phuong trinh dong hoe ciia robot Puma.

Robot Puma la san pham clia Cong ty Unimate (M¥). D6 a loai
robot dugic dung rong rij d nhiéu nudc,

Trén hinh 4.18 12 m6 hinh robot Puma véi cic hé toa d6 di chon.
Con trong biang sau 1a bg thong 6 DH ciia robot Puma.
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Thong s6 DH cia robot Puma

| — —
Khéau 8, o 4 1 d i
‘; T ] o
l_ | 0, 90 0 : 0 i
o i
| 2 6. -0 an d. |
B _ )

j 3 o, 90" as 0 ﬂ
| f |
4 0, ' -90" O d,

|' ) L L1

}» 5 0, 90 0 — 0 _l
6 9, 0 0 d, |

t* - cic bién khép

¢ trang tiép theo trinh bay ket qua thiét lap hé cédc phuong trinh
déng hoc robot Puma bang mdy tinh.

%o

\)& X ! Z’? ()

Xsln)

Hinh 4.18. Robot Puma

118



Thist lap phuong trinh déng hoc ciia rebot Puma:
S6 khép n = 6

Ma tran ; A(6)
+C6 -S6 0 0
+S6 +C6 G O
0 0 +1  +d6b
0 0 0 +1

Ma tran BDDN : T(5,6) = A(0);
Ma tran : A(5)

WC5 0 485 0
485 0 €5 0
0O + 0 0
0O 0 0 <

Ma tran BDDN T(4,6) = A5*T(5,6)

T(1,1) = C5*C6;
T(1,2) = -C5*S6;
T(1.3) = S5:
T(1.4) = §5%db;
T(2,1) = S5*C6;
T(2,2) = -55%86;
T(2,3) =-C3;
T(2.4) = -C5*d6;
T(3,1) = S6;
T(3,2) = C6;
T(3,3)=0;
T¢3,4) = 0;

Ma tran : A(4)
+C4 0 -54 0
+54 0 +C4 0
0 -1 0 +d4
0 0 0 +1

Ma tran BDDN T(3,6) = A4*T(4,6)
T(1.1) = C4*C5*C6-54*86;

T(1.2) = -C4*C5*56-54*C6;

T(1.3) = C4*S5;

T(1.4) = C4*85*d6;

T(2,1) = S4*C5*C6+C4*86;

119



T(2.2) = -S4*C5*86+C4*C6;
T(2.3) = 34*85;

T(2,4) = S4*85*d6;

T(3,1) = -S5*C6;

T(3.2) = S5*56;

T(3.3) =C5;

T(3.4) = C5*d6+d4,

Ma tran : A(3)
+C3 0 +83 +C3a3
+83 0 -C3 +83a3
l 0 +1 0 0
Lo 0 0 +l

Ma train BDDN T{2.6) = A3*T(3,0)

T(1,1) = C3*(C4*C5*C6-54*56)-S3*S5+C6;
T(1,2) = C3*(-C4*C5*56-54*C6)+S3*85*56;
T(1.3) = C3*C4*S5+83*C5;

T(1,4) = C3*CA*S5*d6+S3*(C5*d6+d4)+C3*u3;
T(2,1) = S3*(C4*C5*C6-S4*S6)+C3*#85+C6;
T(2.2) = S3*(-C4*C5%86-S4*C6)-C3*85%S6;
T(2.3) = 83*C4*S5-C3*C5;

TQ2.4) = S3*C4*$5*d6-C3*(C5*d6+d4)+S3*u3;
T(3.1) = S4*C5*C6+C4*S6;

T(3.2) = -S4+C5*S6+CA*C6:

T(3.3) = $4*S5;

T(3.4) = $4%S5%d6;

Ma tran : A(2)
+C2 .82 0 +C2a2
+82 +C2 0 +82a2
0 0 +1  +d2
0 0 0 +1

Ma tran BDDN T(1.6) = A2*T(2.6)

T(1,1) = C23*(C4*C5*CH-54*56)-523*S5*C6

T(t,2) = -C23%(C4*C5*S6+S4*C6)+523*%S5%S6

T(1,3) = C2*(C3*C4*S5+S3*(C5)-82*(S3*C4*55-C3*C5)

T(1,4) = C2*¥(C3*C4*85*d6+S3* (C5*d6+d4)+C3*a3)-

- §2#(53*C4*S5*d6-C3*(C5*d6+d4)+53*a3)+C2*a2

T(2,1) = S2*(C3*(C4*C5*CH6-54*86)- S3"‘S‘i*C6)+C2*(S’5"‘(C4*C5*C6—
-S4*%S6)+C3*S5*C6)

T(2,2) = S2¥(C3*(-C4*C5*56-S4*CH)+83*85%56)+C2%(53%(- C4"‘CS*96-

-S4*C6H)-CI*55*%56)
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T(2,3) = S2%(C3*C4*S5+83*C5)+C2*#(S3*C4*S5-C3*CS5)

T(24) =
S2*¥(C3*CA*S5*d6+83*(C5*d6+d4)+C3%a3)+C2*(S3*C4*S5*d6 -
-C3*(C5*d6+d4)+83*a3)+52*a2

T(3.1) = S4*C5¥C6+C4*S6

T(3.2) = -S4*C5*S56+C4*C6

T13,3) = S4*85;

T(3.4) = S4*S55*d6+d2;

Ma tran : A(l)

+C1 0 -§1 0
+S1 0O +Cl 0
0 -1 0 0

0 0 0 +1

Ma tran BDDN T(0.6) = A1*T(1,6)
Hay hé¢ phuong trinh dong hoc cta robot Puma:

Nx = CI*(C23*(C4*C5*C6-S4¥56)-523%85%C6)-S1*(84%CS *C6+C4*56)
Ox = C1*(-C23*(C4*C5*86+S4*C6)+523%S5%S6)-S1
*(-4*C5*86+C4*+(6)

AX = CIHC2%(C3*C4*85+83*C5)-52%(S3*C4*85-C3*C5))-S 1 %S$4+S5
Px = CI*(C2¥*(C3*C4*S5*d6+83*(C5*d6+d4)+C3*a3)-
-82%(S3*C4*S5*%d6-C3*(C5*d6+d4)+S83%a3)+C2*a2)-S1 ¥(S4*S5 *d6+d2)
Ny = SI¥(C23*(C4*C5*C6-S4%56)-S23*8§5%C6 )+
+C1¥(S4*C5*Co+C4*386)

Oy = SI*(-C23*(C4*C5*S6+54*C6)+523%55*56)+C]
#(-S4*C5*56+C4*C6)

Ay = SI*(C2¥(C3*C4*S5+83*C5)-S2*(S3*C4*85-C3*C5))+C1+$4*S5
Py = S1*(C2*(C3*C4*85%d6+83*(C5*d6+d4)+C3*a3)-
-S2¥(83*CA%S5*d6-3*(C5*d6+d4)+S53%a3)+C2*a2}+C1*(S4*S5*d6+d2)
Nz = -(S2%(C3*(C4*C5%(C6-54%S6)-83%S5%C6)+C2*(S3*(CA* C5*Ch-
-54%56)+C3*S5*C6))

0Oz = -(S2%(C3*(-C4*C5%56-S4*CH)+53*85*S6)+C2* (S3*(-C4*C5%56-
-84*C6)-CI*55*%56))

AZ = -(S2*(C3*C4*S85+83*CH)+C2*(S3#C4*S5-C3*C3))

Pz = -(S2*(C3*C4*S5*d6+83#(C5*d6+d4)+C3*a3)+C2#(S3*C4*S5+d6h-
-C3*#(C5*d6+d4)+S3*a3)+852*a2)
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CHUONG V

TONG HOP CHUYEN PONG ROBOT

5.1. NHIEM VU TONG HOP CHUYEN DONG CUA
ROBOT

O chuong truée ching ta da khdo st bai toin phan tich dong hoc
robot: cho trudc chL{(mg trinh chuyén dong cin xdc dinh quy luat thay doi
cila cdc thong s6 dong hoc dic trung cho sy chuyén dong cla cac khau.
Chuong trinh chuyén déng duge biéu thi bang ham q,(1), (i = 1, ..., n). val
q, Lt toa do suy rong hoac fa bien khap.

G chuong V' nay ching ta tién hanh xay dung phuong phép gidi
bai toan tong horp chuy an dong cua robot. Nhiém vu téng hop chuyén
dong bao gém viec xdc dinh bo 10i giai g; (1), (i= 1. ..., n) sao cho ban kep
clia robot thuc hién dugc cdc chuyén dich trude.

Céc bai todn téng hop nay rat da dang, tuy thuoc cdc yéu 16 sau
day:

- S chuyén dich truée d6 o dang nao: dang quy dao hay phuong
trinh nao d6; biét diém ddu, di€ém cudi hay biét mot s diém trung gian
trén dudng di v.v

- Chi di_nh truGe cdc vi tii lién ti€p clia ban kep hay la ca dinh
huéng clia nd

- C6 nhimng han ché gi trong qud trinh chuyén dong clia robot.
Thong thuding ¢6 2 loai han che:

1) Do két cdu cia robot ma c6 thé han ché pham vi thay ddi vé gid
tri clia bi€n khép hoic ciia van toc va gia toc chuyén dong.

2) Do mdi trudng hoat déng cd ycu cau khong va cham vao cac
vat xung quanh.

- 86 bac tu do ctia co cau robot nhu di phan tich & trén ¢6 thé du
thita hoac khong va bai todn ¢6 thé ¢6 101 gidi da tri hoac don tri.

Biét quy luat chuyén dong ciia ban kep. can xdc dinh quy luat thay
d3i cdc biet khdp tuong tng. D6 12 noi dung chinh cta vige tong hop quy
dao chuyén dong robot.
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C6 the xem qu¥ dao chuyén dong 13 tap hop lién 1i€p cdc vi trf khdc
nhau cia ban kep. Trong thuc 1€ cling chi can xét lai mot s6 hit han cdc
vi i trén quy dao. Tai moi vi tri trén quy dao cdn xdc dinh bo thoéng sd
cac bien khép q. D6 1a ndi dung cira bai todn déng hoc nguoc ( inverse
kinematics problem) cia robot.

3.2. Bai toan dong hoc nguoc

Bai todn dong hoc nguge duge dac biét quan tam vi 13i giai ctta nd
l2 co s& cha yéu dé xay dung chuong trinh di¢u khién chuyén dong cla
robot bam thco qu¥ dao cho trude. Cé nhiéu cong trinh nghién citu tim 191
giai cho bai toan nay. Déi vdi trudng hop n > 6 thi hau nhir chi ¢4 1o giai
theo phuong phép s6 d6i véi mot s6 loai robot cu thé nio d6, nhung chua
¢6 mot phuong phip chung ndo c¢6 hiéu qua ca. Ban than viéc gidi bai
toan dong hoc nguge bang phuong phdp s6 nhiéu khi doi hoi thoi gian
tinh todn kéo dai, tham chi khong di dén loi gidl. S di nhu vay la vi
thuong gap cdc h¢ phuong trinh siéu viét khong phai liic nao ciing c6 do
hoi ty 161 gidi. Dicu d6 anh hudng 16n dén viée dam bao thoi gian thuc
trong diéu khién robot.

Dot vai truong hop n = 6, 14 trudng hop thudng gap trong thuc t&
cong nghi¢p nén cé nhiéu cong trinh nghién ctu hon.Tuy nhién, ¢ day
cdc 101 gidi tim duge hau nhu chi cho trudng hop riéng, ¢6 dac diém hinh
dong hoc rieng bi¢t duoc tin dung dé thiét lap cdc quan h¢ can thiét khi
thiet Iap 1&i giai. Trong d6 nén luu ¥ dén cic cong trinh sau: [7] giai bai
todn dong hoc nguge clia robot Puma theo phuang phip hinh hoc; dac
biél ta cong trinh [12] ding phuong phdp bien ddi nguoe cic ma tran
thuan nhat 4x4, dp dung cho robot Stanford, Nhuge di€m cia phuong
phdp nay 1a chua c6 cich chung dé xdc dinh mot 10i gidi c6 thé thich hop
ngay trong s6 khad nhiéu 10t gidt c6 thé tén tai.

Trong [35] d& tién hanh doc lap viec thir tim mot phuong phép
giai cho trudmg hop robot n bic tr do. Con trong [38 ] lai dé xuat mot
phurong phap thue dung, goi tén 12 phuong phip "cdc nhom 3"

Xuat phdt tlf phuong trinh dong hoc co ban (4.15) ta ¢6:

noosa  p

T, = AAy.. =| v (5.1)
noos, a. o p.
0 0 0 1

Céac ma trdn A, (i = 1.2,... n) 14 ham cia cdc bién khép g, Vécto
dinh vi ban kep hoac " di¢m (dc dong cusi” p = (p, p, p,)' ciling 1i ham
cha q,. Cdc vécton, s, a 1a cdc véeto don vi chi phuong cic truc cha hé toa
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- do gan lién vdi ban kep hodc " diém tdc dong cudi” biéu dién trong hé toa
do ¢o dinh XYZ . Cic vécto nay vuong géc véi nhau tung doéi mot, cho
nén trong 9 thanh phdn ciia chiing t6n ta1 déc 1ap chi ¢6 3 thanh phan.

Hai ma tran o vé trdi va & v€ phai ciia phuong trinh (5.1) déu la
cdc ma tran thudn nhat 4x4. So sinh céc phan tlt trong ing cla 2 ma tram
trén ta ¢6 6 phuong trinh doc 1ap véi cic &n so Q. (t =12, ..n). C4 3
truong hop co thé xay ra:

- Néu s6 an s6 (thudng ciing la s6 bac tu do clia co cal robot) n< 6
th [ giai khong hodn chinh, tic 13 ldc nay co cdu robot khong dua ban
kep 61 vi tri va dinh hudng nhu mong mucn dugc hoac ¢6 the, vi du, dat
tor vi ti nhung khong thoa man yéu cau vé dinh hudng. Trudng hop nay
¢6 thé dp dung khi khong ¢6 yéu ciu hoan chinh vé céc thong s6 dinh vi
va dinh hudng cia ban kep.

- Néun = 6, vic 1 s6 4n s6 bang s6 phuong trinh thi bo bién khép
4,7+ 4, hoan toan xdc dinh. Tuy nhién, 15 gtat khong phat lic nio ciing dé
dang tim ra. Boi vi, néi chung cdc phuong trinh nay ¢6 thé [a siéu VIEt v
h¢ phuong trinh sieu viét nay khong phai lic nao cling ¢6 do hoi tu cha
lai giai.

~ Néu n > 6. tdc 1a s6 4n s6 16n hon s6 phuong trinh thi ¢6 khi nang
c6 nhicu 1ot giai, tic 1 cung dat t5i mot vi tri va dinh hudng cia ban kep
¢6 thé ¢6 nhiéu bo thong s3 bien khép g..

Xuat phit tir y muén dé do co dong cua robot nang cao, tdc 1a hoat
déng linh hoat hon thi co cau chép hanh nhu mét co ciu khong gian, phai
¢6 nhiu bac ty do hon 6. Khi dd co cdu robol o6 the c6 nhiéu phuong dn
dé dat 16i dich. Didu d6 cling ral can thiét, nhat 14 khi moi trudng 1am
viec ¢6 cde chudng ngaj var. Tuy nhién luc nay la nay sinh khé khan
trong tinh todn vi sur da trj cta I gidi. Nhiéu truong hop may tinh khong
chon dugc 16i giai thich hop hoic chon qud lau nén khong thé quyét dinh
kip thoi cdc gid tri cta bién khép dé diéu khién chuyén dong cia robot.
S& di nhu vay 13 do khi giat bai todn thuding gap cac hé phuong trinh sieu
viét, nhu da néi, khong phai lic nio cling ¢6 1oi giai. Ngoat ra ¢6 nhiing
161 giai khéng duoc xem 13 thich hop néu ching vuot ra ngoai pham vi
han che cda cdc bien khép, tuy thuoe két cau cu thé cia robot.

5.3. CAC PHUONG PHAP GIAI BAI TOAN DONG HOC
NGUOC.
5.3.1. Trudng hop robot n bac tu do

Nhur di dé cap & phan trén, khi giai quyst nhiem vu tong hop quy
dao chuyén dong cia robot thudng nhiéu tan phii lap tai viée giai bai todn
déng hoc nguge Trong khd nhiéu truing hop gidi bang phuong phip s&
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lai khong xédc dinh duoc 160 gidi thich hgp. hoac thoi gian tim kiém lai
giai qud lau do gap khé khan nhu giai hé phuong trinh siéu viét, hoac vi
tinh da tri cha 1o gidi cling nhu su da dang cua cdc cau hinh trung gian
clia co ciu robot. Vi vay c6 nhiéu cong trinh nghién ctru dé (im 15 giai
cho cac bai todn dong hoc nguoc & dang cong thic. Hau hét cic phuong
phip deu dung cho cdc trudng hop co ciu robot cu thé nio dé va tat ca
déu la trudng hop tir 6 béc tr do trd xudng.

Not dung phuong phdp trinh bay dudi day 1a déi véi trudng hop
robot n bac v do [35].

Ve rd1 cua phuong trinh (5.1) theo céach Ky hiéu nhu (4.7) + 14.9)
c6 the vigt lat nhu sau;

T,=TT, (5.2)

Nhén hai v€ clia (5.2) véi T ta c6:

T'T,='T, ani T =(A4,..4,)" =47 .4 4"

ta co:
ALAVATT, =T, (5.3)
Két hop véi (5.1) ta co:
_n_r S a. P, I
. n.os, a, , :
LR ‘; 5 i 54
00 0 1

vdi 1 thay déi tit 1 dén n-1.

Ung véi mbi gid tri ciia i, khi so sanh cdc phan tu tuong (ng clia 2
ma tran ¢ 2 vé cha biéu thic (5.4) ta ¢6 6 phuong trinh 16n tai doc lap dé
xac dinh bién khép g,

Nhu th€, bang cdch d6 ¢6 nhiéu kha nang dé lua chon céc bo 15
gidi g; da tri ndy. Trong nhiéu trudng hop tir hé cic phuong trinh ndy c6
the x4c dinh q, bing cdc biéu thic giai tich. Viéc nay rat quan trong, nhat
Ia khi can nhanh chéng c6 13 giai dé dam bao thdi gian thuc trong diéu
khién robot. Tuy nhién ciing phai tuy thuoe vio loai co cau robot cu thé
mGi nhan bi€t duge tir cdc phuong trinh nao trong hé cdc phuong trinh
nay c6 the tim dugc biéu thiic tinh g, & dang cong thic.



5.3.2. Giai bai toan dong hoc nguoe cua robot Stanford {12}

Hé phuong trinh dong hoc ctia 10bot Stanford da dugc thiét lap
trong phin (4.6.1). Robot Stanford ¢é 6 bac t do.

Tir bidu thite (5.3) ung véi i =1+ 5, 1an luot ta ¢6:

AT, =T, (3.5

AV AT, =0T, (3.6)
AVASA N T=T, (5.7}
AJAJAAN T, =T (5.8)
ASASACAAN T, =T (5.9)

* Sir dung céc biéu thitc tuong Gng dd co trong phan (4.6.1) tinh
v& trai clla phuong trinh (5.5):

Ci Sl 0 0 rnx S.t; ax pj
|
AT = o 0 -10 n, s, 4 P,
L eTlls ¢, 0 0 |n, s, 3, P,
o 0 0 1 0 0 0 1

(5.10

Cn, +Sn, C,SX+S]SY Ca, +Sa, C,p, +5,p,
-n =35, —-a -
A|_1Tﬁ: A A 4 p/ (Sli)
S‘n_*-_rC,n), S,SX+C,S}, Sa, +Ca, SlpK+C|p_},
0 ] 0 0
V& phai ctia (5.5) [a ma trdn (4.25) déi v6i 'T,. So sdnh cac phan

tir & hang 3 cot 4 clia 2 ma lrfm (5.1 1) va (4.23) ta co:

-Sp. + Cip, =4, (5.12)

Thay the: '
BT .p,(:r.cosd) va p,=rsin¢ (5.13)
trong do: o r= =% qp?; + pi (5.14)
' ¢ = arctg 2 (p.. P.) ' _ (5.15)

vio (5.12), ta ¢co:
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¥

) . d
sin$pcosB, --cosdsing, = — (5.16)
r

véi: 0< <1

-2
r

hay la:
sin{p —9,) = 9
r
vdi O<(¢-0)<n (5.17)
1 do:

¥

cos(p —6,) =+ 1—(é]

Trong d6 dau trlr (-) phu hgp v6i hinh the vai trdi cla robot va
dau cong phit hop v6i hinh thé vai phai cha robot ¢(hinh 4.13).

Cudi cing ta cé:
0, = arctg(p,,p,)—arcig2(d,.t Pt -d?) (5.18)
* Ti€p theo, cho cin bing cdc phin tir & hang 1 ¢6t 4 va hang 2
cot 4 cua 2 ma tran (5.11) va (4.25), ta cé:
S,d; = C,p, + Sip, (5.20)
= Czd} = 'p}, (5.21)

d, 12 do dich chuyén dai ctia khép tinh tién, d, > 0. nén tir ( 5.20) va
(5.2 tacé:

82 = drc“g 2 (Clpx + Slpy! p;) (522)
T phuong trinh (5.6) va tinh A, A, tir (4.20), ta c6 v€ trdi 1a
mot ma trén c¢6 dang sau:
-le(n) f,(s) f,(a)
f,(n) f,{s) 1,,(a) 0 )
fu(n) f,(8) f,(@) f£,(p)
0 0 0 1

6 (5.23)
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Trong d6 ky hiéu rit gon:
fo =C(Cx+S) - S,z
fu = =Sx+Cy
5, = S(Cx + S+ Ciz ' \

(5.24)

vh X, V. z lrong cic k¥ hieu dé wong ting 1a céc thanh phin cuia cdc vecto
n. 5. a va p viét trong didu ngoac don, vi du:

Jum = C,(Cin, + Si”_.s) -5,

.fzz(s) = '—Sls.r + C"]S_r

oy =—Sa, +Ca,

Con v€ phai cha (5.23) 1a ma tran (4.24).
Can bing céc phan tir  hang 3 cot 4 clia 2 ma tran 0 vé trdi va &
vé phai coa (5.23). ta ch

d,=5(Cp+ Sipy) + Cop,
(5.2%)
* Tigp theo, trién khai phuong trinh (5.8), thuc hién phép nhén cic
ma tran & v€ trdi v biéu dién & dang ky hiéu rdt gon nhu sau:

fu(n) Sa($) fula) O

ol fels) fola) 0O ST (5.26)
fum fuls) fila) O '
0 0 0 1
Trong dé:
Jo = CIC(Cx + S\y)—Szl+ S,(=Sx+ C\y)
Jo= -5, (Cyx + Sy)—Ciz (3.27)

Ju= =S,C{(Cx + S,y)—S,z]+ Cy(=Sx + Cy)

Can bing céc phdn tit hang 3 cdt 3 chia 2 ma trin & hai v€ cua
(5.26) v6i *T, 1a ma trén (4.22),tacé:
f,:(a)=0
Hodc
S, [C(Cia, + Sia,) - S,a,) + Cy(- Sia+ Ca)=0 (5.28)
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Day 14 phuong trinh lugng gidc c6 dang:
Sin¢pa,+cospa, =0

Nhy dd giai trong cdc phdn truée day, phuo’ng trinh (5.28) ¢6 2
nghiém:

94 = arCtg 2 ( 'Slax + C]ay ’ C'2( -Clax + SI ay) - S'lai:) } h(529)
va 6, = 0,+180"
- (hiéu theo cich viét khi 14p trinh trén méy tinh),

Néu cdc yéu t6 ciia ham (5.29) ti€n t6i O thi roi vao tinh trang suy
bién nhu da nét & muc (3.4.2).

Ciing ¢6 thé tim gid tri cha bién khdp 8, bang cich can bang céc
phan tir & hang 1 cot 3 va hang 2 ¢ot 3 ciia phuong trinh ma tran (5.23).

C, S, =G (Ca, +Sa) - S;a, (5.30)
8.8 =-Sa,+ Ca, }
tir d6 ciing nhan dugc két qua diing nhu (5.29):
0, =arctg 2 [ -S,a, + Cja,, C( Ca, + 5,3, - S;a,]

Vi 6,50
vai  0,= 6,+180°
v6i  8,<0

Khi S, = 0, 65 = 0, robot suy bi¢n do ca hai tryc cha khép 4 va 6
nim thing hang ( Z, = Z). & vi tri ndy chi c6 tong 8, + 6, 1a ¢6 § nghia.

Khi 8, = 0, c6 thé tuy ¥ chon mot gid tri n2o d6 cua 8, thuong
chon gi tri hién hanh.

Tir vé phii clia phuong trinh (5.26) c6 thé nhan ducc cc phuong
trinh A& giai Ss, Cs, S va G,

Chéng han khi can bing c4c phdn tir hang 1 c0t 3 v hang 2 cot 3
tacéd:

Ss= C,[C, (Cpa, + Sa,) - S, 1+ S, (-Sja, +Ca,)
C,=85,(Ca, +5a,)+Ca, (5.31)

Tir dé suy ra:
9, = arctg 2 {C[C(Cia, + S;a)) - S,a,] +
+S,(-Sja + Cpa,), S(Cya, + Sja) + Ca,} (5.32)
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Tiép theo, trién khai phuong trinh (5.9), ta ¢6 phuong trinh biéu
dién & dang ky hi¢u nhu sau:
f,,(n) f,(s) O
fsﬂ (H) fs'.‘ (S) 0
i i =T, 5.33
£,(n) f,(s) 1 s (5.33)
0 0 0

_—l 2 D

Trong dé “T, 1a ma tran (4.21) va:

Ja = GG IC(Cx+Sy)-S,2] +S,(=Sx+CY) S-S (Cx+ Sy)— Cz]
Ji= _S4[C2(c|x+SlJ’)__SQZ] +C[-Sx+Cy)
Fos = SHCICAGR+S)—S,21+ S=Six - C)}+ CIGCr+ ) + Gy

Cho can bing cdc phdn tif @ hang 1 ¢6t 2 va hang 2 cot 2 ta nhan
dugc cac gia tri cia S, va C,;

§,=—GICIG(G, +55,)-S,5.1+ 5,55, +Gs, 1+ SIS,Cs, +S5,)+Cs.]
G, ==SIG(Cs, +S5,)-Sis, 1+ G55, +Gs, ) (534

T dé xé4c dinh duoc:
0, = arctg2(S,,C;) (5.35)
Céc biéu thic (5.19), (5.22), (5.25), (5.29), (5.32) va (5.35) xdc
dinh t¢p nghiém cia bai toin dong hoc nguoc cha robot Stanford.
5.3.3 Giai bai todn dong hoc nguoe ciia robot Elbow [12]

- He phuong trinh dong hoc clia robot Elbow da dugc thiét 1ap trong
phan (4.6.2) bang cic biéu thifc tr (4.28) dén (4.34). e} day ciing tién
hanh theo cich lam nhur & phén trén. Trudc hét khao sat phuong trinh:

AT, ='T, (5.36)

Trong d6 'T, 1a ma tran (4.33), con V€ tréi 1a ma tran biéu thi &
dang sau:
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I—fll(n) f,(s) f,,(a) £,(p)
f,(n) f,(s) fi.(a) t,(p)

£2(0) f,(5) f,(a) f.(p)|~ @ (5.37)
0 0 0 1
Dung ky hiéu twong tu & trén:
fi=Cx+ S,y
Ju==z
Jn=Sx-Cy

Cho can bang céc phén tir & hang 3 cot 4 ciia 2 ma trdn & 2 v€ clia
phuong trinh (5.37), ta ¢é:

Sp.-Cp, =0 (5.38)
Suy ra :
8, = arctg 2( PPy
va 6, =6,+ 180" (5.39)

Trong trudng hop robot Elbow, ba khop ke ti€p déu song song va
khong ¢4 két qua nao nhan duge tir cic phép nhén ma tran nghich dao.
Cho dén khau thit 4, tiic 1a khi ¢6 biéu thic sau:

AlAS A AT AL =T, C(5.40)
Trong d6 T, 12 ma tran (4.30), va sau cic phép nhan ma tran ta
co.
£, (n) fa(s) 1,() fo(p)—Cj,a, ~Cia;-a
fo(n) f,(s) f,(a) 0
. =T, (5.41)
fi.(n) f;(s) f,(a) f.(p)+ Sy,a, +8,a,
0 0 0 1

4

Ky hiéu:
Ju = Cpuy(Cx + Sy + S92
Jo=-Sx+Cy
Ji3 = =85, (Cx+ 8,y) +C53,2

131



Cho cin bing cdc phan ur hang 3 cot 3 cha 2 ma tran & 2 vé
phuong trinh (5.41), ta ¢6 mot phwong trinh tinh 6,..

-85 (Ca, + Sa) + G2, =0 _ (5.42)
Suy ra:
8,3 = arctg 2 (a,, Ca, + Sja)
va 0,35 = 0,3, + 180" (5.43)

Ti€p theo cén bang céc phdn tif 2 ma tran (5.37) hang 1 ¢4t 4 va
hang 2 cot 4, ta c6:

Cp. + 5Py = Couaty + Cysa, + Coa, (5.44)

P, = Sy + Sy5a, + Soa, (5.45)
Dar:

P =Cpc+Sp, - Cira, (5.46)

Py =P, - Spns (5.47)
Cong (5.44) véi (5.46) va (5.45) véi (5.47), ta co:

P =Cpa; + Ca, (5.48)

Py =Sy, + S,a, (5.49)

Tir d6 ta c6:
P+ Plyz =(Cpa; + Ca)’ + (8,53, + Spa,)
=(S° + G al+ S +Cha’ + 22,2,(C,:C, + S8,,8,)

Bdai vi:
CuC, + 8538, = cos(6, + 6, - 0,) = cosb, = C,
Suy ra:
12 2 2 2
C = prp,—-ay —q
37 (5.50)
2a,a,

Tuy ¢6 thé tim 8, tir ham arccos, nhung van nén tim mot gid tri S,
va ding ham arctg 2 nhu thudng I¢:

S, =j'-\}(1_c;f)

Ta cé:
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Cap nghiém tng véi 2 dau + iy thude vao hinh thé ciia robot lic

ning vai lén hoac ha vai xudng.

Dé tim $, va C, gidi h¢ phuong trinh (5.48) va (5.49). Hé phuong

trinh nay ¢6 thé bién déi thanh:

0, = arctg2(S,,C,) (5.51)
(C,C, ~-5,5)a;+Ca, =p,

(5,C, +C,Sy)a, +85a, = Py
(C,a; +2a,).C, ~S5;a,8, = p‘x}

| 5.52
S,a,.C, +(Cya, +a,)S, =p (5-92)

¥

Khai trién va riit gon lai thanh hé phuong trinh véi 2 bién 13 S, va

Giai hé phuong trinh (5.52), ta cé:
_(Cya; +a,)p', +S;a,p,

(Cya, +a,)" +(Spa,)’

C, (5.53)

_ (C3a3 +az)p'y_s3a3p'x
T (Cha, +a,)’ +(S5a,)]

Do méu s6 clia (5.53) va (5.54) déu duong va bing nhau, nén:

(5.54)

0, = arctg 2 [(C.a,+a,) Py S;ap . (Ca, + a)p, + Sa.p,| (5.55)
Pén day c6 thé xic dinh 6,
8, =8,,,-0,- 9, (5.56)

Ti€p theo cho can bang céc phén tir clia 2 m,. tran & hang 1 cot 3

va hang 2 c6t 3 clia phuong trinh (5.41):

S¢ =y (Cia + S1a,) + 5,5, (3.57)
C,=Sa,-Cpa, (5.58)
Suy ra: '
O; = arctg 2 [C,5,(Ca, + Sa) + S,0.a,, S,a, - Cia,] (5.59)
Cudi ciing, dé x4c diﬁh 0, dung phuong trinh:
AT =0T, (5.60)
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Trong d6°T, 13 ma tran (4.29), cdn ma tran vé€ trai dugc viél &
dang sau:

(f,(n) f,(s) 0 0] [C, -S, 0 0]
fo(n) fu(s) 0 0 1S, C, 0 0
fon) f) 1 0] [0 0 1 0 (5.61)
o o0 o0 1] [0 o0 o0 I
Ky hiéu:
£, = C[Cory (Cx+S,y)+8S,5,2] -S.(S,x - C,y)
fo = =S5, (CX +8,¥) + Cppez } (562)
Cho can bang c4c phén tir ma trin twong (ng, ta cé:
Se = ~ClCosa(Cis, + 815, ) + Sy ] = Ss(Sps, = Cis))  (5.63)
Co ==S,3,(Cis, + S8, )+ Cos (5.64)
Vay
6, = arctg2(S,,C,) (5.65)

Cac cong thuc (5.39), (5.55), (5.51), (5.56), (5.59) va (5.65) xac
dinh tép nghiém cta bai todn dong hoc nguge clia robot Elbow.

5.3.4. Phuong phap "cac nhom 3"

Theo phuong phédp chung, trinh bay & phan (5.3.1) ngay ca déi véi
treong hop n =6 qua cdc vi du & phéan (5.3.2) va (5.3.3) khé khan 12 & chd
lam sao x4c dinh duge phuong trinh ndo trong hé cic phuong trinh dé
mdi tinh dugc ra q; & dang cong thic.

C6 thé néi chua 6 thuat todn chung nio ma nhd dé ¢6 thé tim ra
duogc tép nghiém cua bai todn dong hoc nguoc cho moi robot. Phuong
phép [38] gidi thiéu sau day cé thé xdc dinh q, mot cach dé dang va truc
gidc hon,

Noi dung ctia phuong phdp "cdc nhém 3" duge giai nghia nhu sau:

Nhu d2 biét, vi tri mot diém trong khong gian hoan toin duoc xéc
dinh trong hé 1oa do 3 chiéu, nén c6 thé phan co cau robot ra nhimg nhém
3. Néi chung viét thanh: 3+3+3+ ....Tuy nhién gdc toa d¢ cla nhém 3 ké
tir nhém tha 2 trd di déu ciing 12 d6i tugng cdn xdc dinh. D6i vdi cac loai
robot dung trong c¢ong nghiép thudng c¢6 it hon hodc bang 6 bac tu do,
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nén viéc phin nhém 343 lai phtt hop véi cde thao tac trong thyc t€. Thao
tac ddu tién 1 robot dua ban kep dén gén vi tri 1am viéc. C6 thé goi tén la
thao tdc "thd". Sau dé ban kep duge xé dich nho va xoay hudng cho phi
hop véi cong viéc. Thao tic nay goi la thao tac "tinh". Vay cdc nhém 343
tuong ing véi cac thao tic "thé"+"tinh™.

(Giai cdc bai todn ddng hoc nguge ddi véi truong hop n =3, trg nén
don gian hon nhiéu. C6 thé ding phuong phdp hinh giai tich théng thudng
hoac diing hé cdc phuong trinh tir (5.7) v6i n =3 va luu ¥ cédc vdn dé sau
day:

Péi v6i nhém 3 thue hién thao tdc "thd"thi thudng chi quan tam
dén vi tri, ma khong quan tam dén dinh hudng nén cac thanh phan cua
cla cdc vecto n, s, a déu bang 0.

P61 véi nhém 3 thye hién thao tidc "tinh™ thi nguoc lai, cho céc
thanh phan cia vécta p bing 0.

Nhuoc diém cla phuong phdp nay, nhu da néi & trén, géc toa do
cta cdc nhém 3, ké tit nhém thi 2 tré di déu 13 nhimg vi trf cdn xéc dinh
hoic cho trude. Thong thudng ngudi ta cho trude ching nhu nhitng diém
tua cong nghé.
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CHUONG V1
HONG HOC ROBOT KHI DI CHUY EN NI1O
o.1. GIOT THIEU CHUNG

Tinh wdn vé dong hoc robol Khi di chuyén nho <& nhin duge nhime
guan he v phan. Chiing ¢o tam quan trong nhat dinh wong mot SO rUong
hop. vi du nhw Kb Lip rdp can vi chinh cdc gid 11 chuveén dich ¢t ede khap
d& ddp dng yéu ciu ¢ nhiing thay d&i it aho v dinh vi vi dinh hudng cua
he toa do oiin lien Vol diém tac dong cudi chia bin kep robot. Hode khn
camera dang quan sat diém téc dong cudi ctia robot, cin vi chinh vé dinh v
v dinhy hudng dd dat duge mot mue dich nio d6, thi lde ndy it cin bict cde
quan B¢ vi phan khi chuycn déi qua lat gifia he oy do

adin lién vdi camera va

i licn voi diém tde dong cudi. Cac guan e vi phan niy con

he wa do
Ay d¢ tinh toan do chinh xac ¢o cin ve su bicn duen cua lue e dong len

che Khan vi vé sy on dinh 16¢ (o di chuyen vy \
6.2. QUAN HE DI CHUYEN NHO HO1 VYOI NE TOA PO CcO
DINH.
Cho T 1URE 10a d6 & Khdp i Lo d et co el tay mady. khi cadi
chuven nho ta e
T + T = Trans (dx, dy. dz) Rot (kdOy. T (6.0

Trong do: Trans (dx, dy. dz) - bicu thi cic di chuyén nho tnh Lén doe trge

dx, dv. dz tong he toa dd ¢o dinh. '

Rot (k.dU) - bicu thi cde do gquay nho d0 quanh trye veais k

trong hé toa 4 ¢o dinh.

C6 thé viet (6.1) thanl

dT=A.T (6.2)
vl A = Trans (dx. dy. dz) Rot (k. )y -1 (6.3)
Theo phép bign doi tinh ién (xem mue 3.3.0)

M 0 0 dx |

Trans () = 0 11 dy (6.4)
0 0 1 dz

10 0 0 L

d=dvitdvi+ dzk (6.3)
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‘-} - T ', 7 . .- 1 -
( KRV, Cy  hkyly koS Kekohy kS,
2 e
Rot (k. B) = R P R R
keksVy—kySy  kykzVy+iS, K2V, +C,
L0 “ 0

D61 vai trudng hop di chuyén nho:

limsing — d()|

il

limcostd — | r
i

Timvers — 0

¥l )

123 ding cie ky higu: Sp = sinb. Cuy = cust).

(Versint) = 1 - cosh)

V1 vidy:
[ ~kzd€  kypd O]
zmuk_o}:\ ko0 | kyd0 u\l
—kpd@ hyd0 10
|0 0 0 1J
Thav vio (6.3), ta cde
00 d ] 1 —kdO kd0 0110
OF 0 d| [ kdo 0 k0 o\
oo d: ~kydO0 kg0 ] 0/ 0 0
oo 11 o 0 0 1 iLo 0
o ~k-d@  hyd (x|
[ k0 —kyd@ d,
ST kpdO kgd 0 ds
00 0 0 |

Vin dung phép quay quanh cic trie tog do (xent mue 3.3.2) dOi v

sucng hop di chuyén nhd ed ede gidi han 16.7). tunhida duge

|
0]
0 |
0l

)

(0.7

Y = versl)

16.3}

0 0

()

(0.9}
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! “(3': ()‘,‘,
. ' (:"—- ] —(")\r
Rot(x. 80, Rot(v. & ). Rote. o)=1] - . '
_()‘}; (>,T I
0 0 ()

Vil o= (S’\-i + ()‘]_,j + ().:. N

Sosdnhede phan et 2 ma i (6.8) va (6,100, oo

kodd =6,
K.do = o
k.dd = 0.

Thay (6123300 (6.9 (4 oO:

[_ 0 — (5‘2 (;)‘.1" (‘/'\, |
Az O, 0 -0, d_l.

-5, Oy 0 - |

Lo 0 0 0 |

bidu 1o Chohéoa do T

(0 0 1 10]
. ‘ [0 O 5 "
ot 0 0.
!LO 0 0 1 _J‘

Khi eo nhimg di chuyén nho tinh Gén d ) quay &;
d=1i+0.j-03k
O=0i+0]1 j+0k
iy xde dinh do dich chuyén dT trong he 1oa do ¢ dinh
(riedf:

Theo cie 5o tieu ten ta hic [ap A theo (6,13):

(0]

0
(610

0

|

{611

(612

(613}



0 g 0
T-0l 00
b0 0 0
Thav vao (6.2 tred:

0 G,

0 o

dT=AT= 0 0

0

6.3 QUAN HE DI CHUYEN NHO GIUA CAC HE TOA BO

VYOI NHALU

Phuong trinh (6.2) cho hict quan he di chay ¢ nho (guan ke vi phing

(o1 van he oa do eo dinhi, Con quan he di chuvn nho doi vai b oa do i

cho niwo did ¢ e bicu thi bang phuong trinh sau:

dt=T."A
Sovsanh (0.2Y v (6.1 e
AP=T"A
(e ley:
=T AT

Neu bicu thi ede phitn e T
ian trudge day. ta eo:

r .
' ”_\T b X u'\
- s Yy o
I = . . .
”Z N o -
0 0 0

vl

(614

(013

ifr. b

bing ¢ vecta L s, a nhi van g

Py |

Py

Pz

1

(i)
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n=ni+nj+nk

S =si+sj+sk : (6.18)

a=ad+aj+ak

Thav viw (6.16) v sau vii phép bicn doi ta cé:

| 0 — O.a B.8 dipxni+dm _;
| .
N B.u 0 -6 B(pxs)+ ds 6.19,
-0s O 0 O.(pxa)+d.a | :
L0 0 0 0 |
Mat khide, "A e the tnh nhur sau:
0 s e T
', o -3 d
l _ o
A= 7 O“ ! (-;‘_ fd_ (6.2
0 0 0
Nevsinh cde phan weeta 2 ma tein (G 19 v (o620 ta e
j dy = dpxn)+dn = n[(dxp)+ (l]f
_ ]
T dy = Ddfpxs)+ds = s[(Oxp)+d] t (621
- i [
rti;_, = Opxa)y+dar = alidxp)+dj i
'S, =8n = nd
T o .
o, =08 =30 (6.22)

T oo :
&, =0a =uadj
Ciae phuong tinh (6.21) v (6.22) bicu thi ciac thanh phan cua 2 vecro
- . T o ~ ‘] ~ 7 e .- - .oepe
chuven dicl nho tinh tén v quay (Cd D) i va he toado T
Tren eo sddé taed the thict Kip guan hé gitta cic di chuven nhd gia

cie e toado vél nhau bang ma tin 6x6 sau diy:
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ro . : 1 ¢, =
T ] [ g @ pxa ] fa

yARURE A : ~ ; |

/ “"_'.' Sy "). s, (pxs)_\_ (px.s).‘. (pxs)z t/}‘
,. fd: |~| N ”J* a, (pxa)x (pxs}y (])xs): _(/: s
T 10000 1 n " Sy 1t )
i & X I X J: z Y
T _ ' ‘ .
| (>,l’ '# 0 0 0 S .s)_‘ s, r)}_r
I_ T‘S: ‘ L 0 0 0 a. a}" a _()‘: |

Vidu 2. Che hé toa do T va cde di chuvén nhé d va O nhu trong vi
du . Hay xic dinh do dich chuyvén wong duong "d v '8 trong he toa do 1.
Giiti:
Bicu (hi cdc phin tr cia ma tran T theo dang (6.17):
My Ny dy Py
voYy Ay Py !
oo
n- S, 4z Py
irong do:
n=0.i+1.)+0.Kk
§=0.i+0j+1.K
a=1.i+0.5+0.k

P=10.i+5j+0.k

Viy:
- ik
Sxp=l0 01 0|=0i+0j-1k
10 5 0O
vl 5xp+d=l.i+0.j-0,5.k

Thay vao (6.21), ta ¢6:
d="d.i+"dj+"d,k=0i-05j+1K
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'O =T5 i+ i+ d k=01.i-0j+0Kk
Co the Kidm tra lai cong thiie (6.14):
dT=T."A
Trwde het Nie dimh "A theo 'd v '8 theo (6.20):

0o

Ny

\-’;}y:
[0 0 1 10] 000 |
0 5] ¢ 0 0 0 |
dA = !
’ ! ol ’o 0 -01 —05]
0 0 1 ‘ 0 0 0 0 |

6.4, JACOBIAN POI VOI CU CAU TAY MAY

NELfruome hop pho bich co cau Ly may ¢6 6 bic ur do. Suthay déi
nhe ve dinh vi v dinh hudng cia T, duoc gav uén bdi cic dy, cua cide khap
oy,

Theo (6.14) 1 viét:

o7, = 7;1'3‘_{3;_&]{ = Ay, A l-"’\;f‘!r--As,fT'f/,- (6.24)
SUN
0T,
O 6
— =1, 4 (6.25)
G

Vi cae vidt ky higu thuong ding nhu (4.7) + (4.9) thi:

To=AAL AL AA,, o AGA

{ 1-ir
T, = JTi-| Irﬁ
-1 _i-l LI
Vi Tﬁ T( Tf—r
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T (6.24) 1a xde dinh '"A:

o, il SRR B coa
A ;e T{) A ;e Tﬂ (0. 26

. i~ . Can
Vit T(‘ — J’I'I-/IH_].../Z](‘ ((‘2'!

D61 vai khop quay:
- ()‘{. 0 0]
{/0{- -0 0 0 ’

[0 0 0 0
0 0 0 o0
ivIAl —
_ 0 0 0 dd{-
00 0 0
T thutmg bicu dién (xem muc 4.2) ma tran T dudi dang suu;
n, s, a, p.l
T=| ! / i Pi (6.28)
a0 0 0 |
Viy néu khép 11 khdp quay thid = 033w (6,21 (6.22) 1a ¢d:
o _ ‘I
| (;"f__ = ll‘;(al- ® I){){
H’{f“_ = S‘; (51 X l)f) [ (629
g = a8, )
5. = n.b,
: 11
5 = 5.5, {6.30)
! [
5. = ad,
: 11

Pang thai 8 =0.i + 0.+ 1. k nén (6.29) vi (6.30) con don gian hon
niu;

143



5

. ,
el = —n..p. S P P
o ixPiy ivPix |

I . . . . 1 q
i T TSPy TSPy ©.30)
” L
d. = a. pi) . T a,{v Py
Mo, = n._ ]
i L)‘“ — *5!_ i (632)
i S = u ’—J
= Iz
Con doi voi tusng hop khdp tinh tien O=0vad=01+ 0.j+0.k
thi:
di= o, i+s,. jak {6.33)
8 =0i+0j+0k (6.34)

Nhu vay su thay d6i nho vé dinh vi vit dinh hudng ctia T, phu thudce
vio 6 1oy do Khop dong va cd the mo 4 bang ma trin 6x6, dugc goi i
Jacobian cta co cau iy may sau day:

";';,C /_‘._ —mdn- 16 . 6 d ) de,\- mdjx o d()_\__ " C]| 7
Md_r m"/l_r mdz,v md}r T()d{r mdﬁy mdﬁy da
}"hd: 'ma,: 16 d,. 16 d., I'6 d,. T d,. ”’dﬁ: e,
'f't’-()f‘. B ”’(5[_\_ Tﬁfs‘z.r To S, r6 S, 1 5. 16 S { dy, | 6.33)
';'(}(SI 6 5“ 16 52}‘ 6 ()’ . re 5{1_ ro S, , 76 }‘y dy,
_ma; | _m 5. 76 5, 76 X s : 16 S, 6 5{]:_ I dq(,_

Trong do cic phan tor & mdi ¢ot clia Jacobian twong Gng cic vi phian
do <i chuyén tinh tién va quay ctia moi khép dong.

6.5. TRINH TU GIAI BAI TOAN THUAN KHI DI CHUYEN
NHO

Bai todn duge dat ra nhu sau: Cho biét trang thdi cia T, (biét dinh vi
vt dinh hudng cla diém tac dong cudi, tic Ii cling biét cac phan ur cla ma
tran Ty, ¢dn xdc dinh do di chuyén nho dT, kbi trude su thay déi dg, ctia cic
Khop quay.

Trint te gidi:

144



K it biét dg;, theo phuong trinh (6.35) s€ xiic dinh:
' ="d i+ Mdj+ dk (6.36)
WO =" 0+ "8, +, ke (6.37)
Tren co sG (6.36). (6.37) vi dimg (6.20) 4 xde dinh A, 16i sau do
iinb dT, =1, ™A,

_ Mudn vay, triGe hét phm xdc dinh cidc ph.m e trong tlmg cOt cua
Jacobian & phuong trinh (6.35). Cac phan tlr & moi cot tuong ung vol cic vi
phin do di chuyén tinh tién va quay clia moi khop dong.

Khi gidi cic bai todn dong hoc ta dd diing cdc phuong tinh gian i

sad:
A'._iro = T, - - (6. )
A'A'T, = T, (6.39)
A7 AATT, = T, (6.40)
A A AT ATT, = T, | (6.41)
AMA] A A AT, = T, | (6.42)
Cdc ¢ot tuong tng voi cdc thanh phan cua %theo (6.25) vou
i= 1 .. 6tnhtircotl dén cot 6 va wong dng sir duny l;‘i‘:; luwet T2 T T

T T vie T, theo (6.28), (6.38 + 6.42). Khi dé bict 0y, s, a, vip, 0 cie nt
win ndy ta s¢ tinh cdc phin W cde ¢ot cha Jacobian theo cdc cong thic
(6.31) v (6.32).

Duai day 1a vi du minh hoa perrm phdp ndi wrén doi véi trudng hop

Robot Stanlord. Trong Robot Stanford cic ma trin A, i duge xac dinh bang

(44,203, con cic ma traw T, di dugce tinh todn bang cic biéu thitc tir (4.21)
den (4.27).

Gt
A

Cnl thit nhat cl Jacobian twong (ng v6i cdc thiinh phan cia —— Vo
(xfh

T.. nhtr dif bi¢t, ¢ thé bidu dién nhu sau:
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n. s, a. p,|
n. s, a. p,
Te=in  s. a. p. (6.43)
0 0 ¢ |

Cic phan tir trong ma tran 1, dd duge xdc dinh bing €dc bicu thiie

trong (4.273.

Trén co 86 cdc phuong trinh (6.31) v (6.32) 1 tinh cde phin Wy cia

cot thd nhat nhu sau:

d, = -1C |G HC,CC, - 5,5 - S.8.CT - S (5,C.C, + C S5
x 18, 8d; + Cd,}
+ {5,|C, (C,CC, - 8,80 - S.8:C.) + CuS, GG + C S
x |C,S8,d; - S,d,) (6.4 1)
d, = -{C, [- CLCGS, + S;Ca) + 8,8.8,]
=S SCS+CCH
x {55, + Cdd,}
+ {SI [’ C: (CJC_"\Sh + S.J,Cﬁ) + S_’S:‘\Sﬁl
+ C, (- S,CS, +C.Col

. x {C,Syd; - $,d.} (6.43)
4, = - [CUC,C,S: + $,Co) - $,5,54) 15,5, + C )
+15,(C,C.8¢ + S.C) + G884 {C,Sd - S,d. ! (6.46)
80, = - S (C,CC, - §,80) - S,y (6,47
18, = S, (C,CS, + S,C) + CS.S, (6458
5, = - $,CS. + GG (6.-49)

Rt gon lai, ta
[ = [CAC,CC, = 8,8, )= 8,80, 1+ S, (S G +C80)
—d [=CLC 0SS, +S, 0 8,808, 1+ S0d (8,008, +C,0)
_ - d; (C.CCH+S,CH+ S.:ff_,,s;..s; 6500
— 8, (0,00, =8 SO =S,
SACCS, +S,CH+C,S.S,

~8,0,8, + (0,

oy
) " : . e s oL
Cot #hir | = 2 cda Jacobian tuong tag voi cic thanh phian caw —* .

ey 1

tinh theo cong thitc £6.23) véi 'T, di xidc dinh bang (4.23) vit tuong 1 nhur di
lam & trén ta ¢
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" ;

S 1C(C,CC, - 8,8, - S.S. C(,} i~ Cyd,)

il

+ {SC,C.Co - 5,8, + C,5.C, 1 {Sod) (6.51)
"‘u_.:__. =- |- CLC,CC + 5,C) + S.858,1 {-Cudy )

+ - S,{C,CC, + S,C) - C.8:S, '{ S,y } (6.32)
d,, = - 1CG,S, + S,Co{- Cd, }

+{S,C.8 - C,CH{S.d,) (6.53)
198, = 5,C,C, + C.S. | (6.5.4)
8, = - 8,08 + CC, (6.35)
3, =S8, . (6.36)

Suu Kl it gon, i ¢

Cd(C,C.C-8,8) ]

-d(C,C.C,+8,C,)

o7, d,C,S,

oq, S,C.C,+C,S, (6.37)

-8,C.S, +C,C,
S, S,

of;
Cotthiri = 3 clia Jacobial tuong (ng véi cde thanh phin ctia —*-
- aq
tinh theo cong thie (25) véi *T, dii duge xic dinh biang (4.24) vii luong ty
sthu di lam o 1rén ta ¢6:

- 5.C, -
S5,
o | ¢ |
0
e 0 —

er,

Cot thit i = 4 cha Jacobiai tuong Gng vé6i cdc thanh phan cia —(_—;—' :
U

tinh theo cong thice (6.23) véi *T, di dugc xdc dinh hdll” (4.23) vi wong
nhu da [ O een ta co:
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| 0

0

o1, | 0

a. |5 )

S.S

“TAYa

Cs

Tuong tu, dai vai trudmg hop cot thi i@ = 5, véi T, theo cong thaie
{(4.22) ta ¢

[0]
0
T, _
oq, | S, (6.60)
C‘{':
| 0]

Cusi ciing, d6i véi truong hop oot thit i = 6, véi T, theo cong thic
(420 ta e

o7

g, (6.61)

[ B - T o S - S o

—

Vidit 3:

Robot Stanford dang & trang thai cau hinh saw:

0 1 0 20
- 1 0 0 60 ’ J S
1o o -1 0 tuong Ung, cdc toa do co cic gia U1 sai
0O 0 0 1

q,= 0", q= 90" dy = 2mm_q, = 0", . = 90, g, = 90" con d. = Gimm. Hay xie
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dinh ma trin Jacobian va tinh todn gid tri o di chuyén nhé dT, ctia bin kep
e Khap ¢o do di dich abur sau:

C ot ]
- 0¥
20}
dgz=1 0.1
0.}
0.1

(iicti:

Xie dinh phan 1r cua cide cot caa Jacobian theo cic conyg, thiic (6.6())
Vi 0 (6.37) dén (6.61):

200 0.0 0.0 0.0 00 00
~6.0 0.0 1.0 00 00 0.0
T, |00 200 0.0 00 00 00]
gg, | 00 10 00 00 10 00
0.0 0.0 00 1.0 00 00
—10 00 00 0.0 00 1.0

Vi uf vichudng caa bin kep dii duce vi chinh nhu sau:

20 1 1200 0.0 00 0.0 00 0.0 01
1.4 -6.0 006 1.0 0.0 00 00/l -0.1
—200 [ 00200 0.0 00 00 00| 20
0.0 1 | 00 O 00 0.0 1.0 0014 0.1 !
0.1 0.0 0.0 0.0 1.0 0.0 0.0} 01
00 | [-10 00 00 00 00 tol| oo

Nhu viy: _
T =2.0i + 1.4 - 2.0k
"8 = 0.01 + 0.1 + 0.0k

Theo cong thic (6.20). ta ¢
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0 0 14 |
AEl0n 0 0 20
[ 0 0 0 |
Vanhan T, véi A, ta ¢6é: |
01 0 20T 0 0 01 o0
10 0 60/ 0 o 14‘
M=To 0 1 o|l-01 0 o —sg!
00 0 1,0 0 o oJ

60 0 1.41
0 0 41 20!
0.1 0 0 2.{')‘
10 0 0 UJ

dT, =

0.6. jacobian nghich dio

Phuong trinh (6.35) ¢é the vidl eon L dudt dane ma tran sau:
= Fankel A . g .

D=J.Q (6.02)
trong D va Q la 2 ma wdn § ¢t
] d. | dy, |
d .’ cly
d. ey s
D=| ¢85 o Q=ldyq,
& o, ey ¢
i ro o | g, |

con dacobiwn J B ma tran 6x6 da duce mo 1 rong (6.35).
Biu1odn & day dat ra phu sau:

Cho biét sy thay déi nhd vé dinl v i dinh hudng caa T, bicu thi
bing ma tran D, Cin xde dinh bo eiid i deg, o cde Khdp dang.
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Loi giai ¢6 the xde dinh tir phuong trinh (6.62):
Q=1"D {6.63)
Tuy nhicn vige tim 101 gidl niy nhicu khi 1au phie ap. do ban than
tmh phiie tap caa cde phan ur Jacobian v do chda dung nhi¢ua phdp tinh
sd i Juene giie daig vy,
Neon i, con cd phuong phip xac dub de; trén cor so fay vi phan e
lar giad tong g cua biu toidn dong hoc nguce robot.
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CHUONG VII

LAP TRINH QUY PAO CHUYEN PONG VA MO
PHONG CAC HOAT PONG CUA ROBOT.

7.1. GIGI THIEU CHUNG VE LAP TRINH CHO ROBOT

Khi xem xét van dé lap trinh cho robot, khong nhitng can quan
tam dén cdc chuyén déng ciia ban than robot ma cdn phai luu ¥ dén su
hoat déng cha ca hé thong san xuat, ma robot la moét thanh vién.

Hé thong san xudt gom nhiéu don nguyén hoac modun thiét bi san
xuat (workcell). D6 1a mot cum cdc thiét bi, bao gébm moét hoac mét vai
robot, may cong tic hoac bang chuyén, cdc co cdu cap thodt phoi hoac do
g4 phu trg khdc v.v... Thong thudmg dé€ lap trinh diéu khién robot trudc
hét phdi mé phdng si hoat dong cia né trong mot * workeell” cu thé.

C6 thé phéan tach thanh 2 phuong phédp lap trinh: 1ap trinh truc
tuyén (on - line programming) va lap trinh ngoai tuyén ( off - line
programming).

Khi ldp trinh triec neyén, ngudi van hanh robot truc ti€p tién hanh
lap trinh trén ban than robot hoac thiét bi phu trg kém theo. C6 phuong
phdp lap trinh thil cong (manual input), phuong phép lap trinh theo kiéu
day hoc bang cdch dan dit (teach by lead through) va phuong phédp lap
trinh theo kiéu day hoc bang thiét bi day hoc goi l1a "teach pendant”.

Lap trinh tht cong 1a phuong phap don gian nhit va thich hop
nhdt vai cic loai robot khong dugce trang bi thiét bi trg dong ( non - servo
- controlled robots), khong c6 tin hi¢u phan héi. D€ lap phuong trinh ¢é
thé diing cdc cff ty, co cdu cam, bang 6 cam dién, cdc cong tic hanh trinh
v.v... Céc loai ndy tuy don gidn nhung lai c¢é nhi€u ing dung. Thuc tién
san xudt da chimg (6 ring c6 thé ché tao ra nhimg chuong trinh thao tic
khong don gidn bang cich thic don gian dé.

Phuong phdp din dat dé "day hoc" cho robot ¢6 thé thuc hién
dugc nhitag cong viéc tinh t€ hon. Ngudi van hanh dén dat robot fam cdc
thao tic theo yéu cdu va & nhimg vi tri can thiét, cdc tin hiéu duge nhan
biét 1lr cdc cam bién (sensor) lap trén robot sé dugc ghi lai. Khi lam viéc,



cdc théong tin tin hiéu da ghi nhé nay s& tic dong vio co cdu chdp hanh
lam cho robot hoan toan 1ap lai mot cach tu dong cic thao tic di "hoc"
dugc. .

C6 thé "day hoc" cho robot theo phuong phdp dung hop diéu
khién "teach penddnt Do 1a mot hop nhod cdm 1ay ¢6 cac ndt bam diéu
khién. Khi bam cédc mit diéu khién nay, cic khép dong clia robot chuyén
dich m¢t dai lugng nao dé6 theo ¥ ngudi diéu khién va céc gid tri d6 duge
ghi Iai dé 1ap trinh khi chuyén sang ché d¢ tu dong.

Trén hinh 7.1 bi€u thi cdc phuong phip lap trinh ké trén nhu céc
budc phat trién hién dai din. Lap trinh ngoai tuyén 1 mot budc phat trién
cao hon vé chat.

Ldp trinh ngoai wyén (off - line programming) khong tién hanh
tryc ti€p trén thiét bi robot, ma tién hanh gidn ti€p trén may tinh. Dé thuc
hién dugce viéc trao déi thong tin giita ngudi va robot phai diing dén ngon
ngit ma ca hai déu hiéu dugc. Cic ngdn ngit chuong trinh 12 ngodn ngit
tuong minh (explicit languages) cho phép ngudi l4p trinh truyén tin hiéu
cho mdy cong tac thuc hién cdc thao tic cin thiét.

A oy 20 Ngon ngit lap trinh
- %o 5 E theo nhiém vy
9 Z R5 3 E
1] L. S
=
=8 Ngon ngi
g = P
= o _ phat trién
o & o o
3 sEE N

0, 2 E Ngon ngir chuyén
5( Z, dung
Day hoc bang hop

S diéu khién
& .
=G :
==y Day hoc bing céch’
e dan dat
3

d/ . Tha cong

Hinh 7.1. Sy phdt trién cdc phuong phdp vd ngén ngit lap trinh

May tinh 12 mot thiét bi van nang, 0 hop cdc lénh dé may hoan
thanh cic cong viéc rat da dang. Ngon ngit mdy cho phep di'ng cic ngbn
ngit bic cao, goi 1a ngén ngir phat trién. Trong tin hoc c6 nhiéu loai ngén
nglt. Tuy nhién trong diéu khién néi chung va diéu khién robot néi riéng
can quan tam tGi sy tién 1gi va nhanh chéng dé dam bdo thoi gian thuc, Vi
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thé xuat hien nhiéu loai ngén nglf chuyén dung, dinh hudng cho mét loai
van dé nao do.

Nhu vay khi lap trinh ngoai tuyén déu cén ding dé€n ngén ngi lap
tinh. Mitc thong thudng ding cdc ngoén nglt tuong minh (explicit
language). Mic cao hon la ding ngon ngit khong tuéng minh {implicit
language).D6 13 mic ding ngon ngir lap trinh theo nhiém vu (task - level
programming language). Nhiing ngon ngil nay cho phép ngudi sit dung ra
lénh dé robot thuc hién cdc cong viec mong mudn mot cich truc ti€p ma
khong can chi ra chi tiét cac hoat dong cla robot nhu cac ngdn ngif lap
trinh thong thudng. Nhu so d6 trén hinh 7.1, day 1a mtc thi 3 clia phuong
thirc 1ap trinh ngoai tuyén. Vi du, ngon ngit AML ciia hing IBM, Karel
clia hiing General Motor, Fanuc, Rail ciia tap doan Automatix, Jars cua
NASA vi RPL ciig SRI International. Cdc ng6n ngit nay con dang ¢ giai
doan phét trién.

O pham vi iing dung ngén ngl tudng minh cling c6 2 miic:
- Ngon ngir robot chuyén dung.

Nhitng ngon ngif 14p winh nay duge xay dung nhu mot ngon ngu
méi. Ci phép (syntax) va ngif nghia (sematics) clia cdc ngon ngit nay can
phai rit don gidn vi ngudi 12p trinh cho cdc tng dung cong nghi¢p khong
phii 1a chuyén gia vé 1ap trinh. Vi du, ngon ngt VAL 2 cia Unimation,
AL ctia Dai hoc Standford. '

- Ngon ngi¥ phat trién.

Ngon ngit nay tao ra cic thir vién robot cho mot ngén ngit lap
trinh bac cao da ¢6 sin. Nhiing ngon ngir lap trinh robot ndy duge xay
dung bang cdch dya trén cac ngén ngl 1ap trinh bac cao thong dung (vi
du nhu Pascal) va thém vao mot thir vién cdc tha tuc vé ham dac biét
dung cho robot. Khi viét chuong trinh Pascal dé diéu khién robot, ngudi
st dung goi cdc ham hodic cdc thu tuc da dinh nghia trude trong thu vién
dé xr 1¥ cdc noi dung c6 lién quan dén viéc tinh todn hoac diéu khién
robot.

Vi du, PASRO (Pascal for robot) 1a mot thu vién ding cho lap trinh
 wot, cung cip nhiéu thi tuc va ham dac biét dé tinh todn va diéu khién
« bot diing trong moi trudng ngdn ngit Turbo Pascal, hodc PASRO/C la
phét trién ca PASRO, nhung dugc viét én co 5o ngon ngit Turbo C.



72 MO TA CAC VAT THE VA NHIEM VU.

7.2.1. M6 td cdc vdt thé

g - Iy rl Z
Cac vat thé goi la cac

déi tic cGa robot trong cOng
viec va céc thiét bi va do vat
trong méi trudng lam  viéc.
Ching rat da dang va phong
phii. Tuy nhién ¢ thé dua vao
céc kh6i hinh co ban sau day dé

mo ta chung: /
_ Kh6i hinh vat thé ron X 1=6

xoay (rotative). JL
- Khéi hinh vat thé lang
tru (prismatic). N~

Céc vat thé c6 cau tric
hdn hop (combmatlon) c6 thé
mé 14 bing céch ghép ndi cic

r=0,5

A A

Hinh 7.2. M6 td chi tiét hinh tru

'khdi hinh co ban. Az

Khoi hinh vat thé xoay -1.0.2
tron dugc dac trung bang toa 46 |~
tam vA ban kinh cla hinh tron 5 1N
cdc tiét dién. Vi duy, trén hinh 77’ (-1.00 140
7.2 mo ta mot chi tiét may hinh Pty S T
try ban kinh r = 0,5, chi¢u dai AN ¥y
| = 6; ndm doc theo truc z. i} 1,00 140

Kh6i hinh vat thé' dadién,  Hinh 7.3. Mo td vat the hinh
duge déc lrung bang IOd do cac da dién

diém 26¢ canh cha nd.

Khi mé ti cdc vat thé trong moi truemg lam viéc, Lung nhu khi moé
t4 qud trinh thao tdc cua robot va dich chuyén cic doi tic, co thé dung céc
phép bién déi thudn nhat.

Xét vi du sau day:

Cho mot vat thé hinh da dién trong hé toa do co s0 Xyz nhu hinh
7.3. C6 thé 1ap mét ma tran ma méi cot la vécto md rong biéu thi mot
diém gdc cua tam tru. Cu thé doi véi hinh 7.3 ¢6 6 di€m goc ta co:
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® @ 90 @ 6 @.

I -1 -1 1 1 -
0 0 0 0 4 4
Y=l 0 2 0 0 7.0
AU B T R
Thuc hién phép bién déi:
H=T,(4.0,0).R(y. 90" . R(x, 90°) (12

s€ lan lugt nhan duoge cdc két qud sau:

- Tinh tién vat thé doc theo tryc x mot doan bang 4 don vi tuong
ling vGi phép bién déi H, = T, (4,0,0) hinh 7.4,

- R6i cho vat thé quay quanh truc y g6c 90" va két qua cha hai
phép bién déi trén H, = T, (4,0,0). R(y,90% hinh 7.5.

- Ti€p tuc quay vat thé quanh truc 2 goc 90" va két qua clia phép
bién ddi H theo (7.2),hinh 7 6. '

*Z

Z,

NN

N
@] N, & Y
Hz) !/_. Y

W O

Hinh 7.4, Vit the sau phép bién déi H, = T,(4,0,0}

X
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*Z

0 .
e —7
el I
Y2
Z, /' Ir._,--‘"‘ /

Lt
X/@ a

Hinh 7.5. V4t th& sau cdc phép bién déiH, =T, (4,0.0). R{y,90°}

Hinh 7.6. Vat thé sau cdc phép bién déi H=T, (4,00} . R(y,90°). R{x,90°%

Ma tran H theo biéu thac (7:2) 6 thé xac dinh bang tich cic ma
tran quen biét déi véi cdc phép bien déi co ban néi trég, ta co:

0 0 1 4]
, i 0 0 O
H =

0 1 0 O (7.3)
000 0
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Nhu vay dé dang xdc dinh ma tran V' biéu thi vat thé sau c4c
phép bién déi (7.2)

v!

it

H.Vv= 0 0 0

4
1
4 (7.4)
|

_— 0 =

® @ 0 ® 6 ®

7.2.2. Mé ta nhiém vu.

Nhiém vu giao cho robot thic hién thuong duge moé ta bang cic
thao tdc chuyén dich. C6 thé tim hiéu roi dung nay thong qua mét vi du
cu thé [12) nhu trinh bay trén hinh v& 7.7. & day robot |4y trén bang
chuyén céc chiéc chét hinh tru da dwgc mo 14 tén hinh 7.2, dé lip vao
cdc 18 trong than méy hinh hop.

z
P
el T
(3%, 2 !
j’%"p‘ =7
o - )

Hinh 7.7. M6 té nhiém vy
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Nhiem vu néi trén ¢6 thé mé tA bing mot day lién ti€p cic vi i
thao tic sau day:

P Huéng t6i chot
P: Kep vao chdt
Kep chat chot
p-. Nang cao chét
ok Hudng t6i 16 v6i cdc gbe nghiéng ndo 46
p<: Dimg lai khi cham vao 16
Pe: Piéu chinh lai hudng goc nghiéng
p;,  Lépchatvaold
Nha chot ra
P Roi dt.
Dang phuong phép todn dd chuyén ddi (xem phén 4.5 chuong IV)

dé mo ta nhiém vu tai cdc vi tri thao tac néi trén, nhu trinh bay trén
hinh 7.8.

| z, | EpA P
Z T. EPG P

» b —pt—— 44—
4 T ERS PP P
Z T, EPG PHA HRi H
e P o -} - L

Z T. EPG PCH HRi H
> P

Z T. EPG PAL HRi H

___p-——p———M——A——*———“—'
Z T. EPG PN HRi H
—>——>——>4 < +——
Z T. EPA PN HRi H

e Pt ———————

Hinh 7.8. Todn dé chuyén déi mé td nhiém vu tai cdc vi tri
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Tuwong tng:

p: ZTE =P PA (7.5)
P ZT.E = P PG (7.6}
p ZTE =P PD PG (7.7)
Ps: ZT.E = H HRiPHA PG . (7.8)
ps: ZT,E = H HRi PCH PG (7.9)
pe ZTE = H HRi PAL PG - (7.10)
P+ ZT.E = H HRi PN PG (7.1
Ps: ZT.E = H HRi PN PA (7.12)

Trong 46 & mdi vi tri thao tic dugc mod ta bang ZTE
(xem hinh 4.11) véi: o

7. - M6 ta vi tri trang thdi clia robot trong hé toa d6 gdc nao do.

T - Mb ta vi tri trang théi clia diém cudi clia cdnh tay robot trong
hé toa 46 ¢6 dinh gan vdi gid d& clia robot.

E - Mo ta vi tri trang thdi diém cu6i ciia cong cg kém theo.

N6i dén vi tri trang thdi 12 néi dén vi tri va hudng cia hé toa do
gén véi vi tri dang khao sdt. V6i cich mo ta d6, khi mo ta vi tri robot thi
chi cdn thay déi Z va khi thay ddi dung cu thao tdc thi chi cdn thay d6i E.

DE mo ta ciu tric vé nhiém vu, & day ciing ding cic phép bién
d4i tuong Gng sau day:

P - M6 ta vi tri trang théi cha chiéc chét trong hé toa d6 goc.

PA - Mo 1t vi tri trang thdi ciia ban kep dang hudng t6i chot.

PG - M6 ta vi tri trang thdi ctia ban kep dang kep chét so véi chot.
PD - M6 t& vi trf trang thdi ctia ban kep bat ddu mang chot di.

H M0 t& vi tri trang thdi clhia hop than méy c6 hai 9.

HRi- M t3 vi tri trang thdi cta 16 thit i trong hop than mdy so vdi
‘ hé toa d6 H.

PHA - Mo ta vi trf trang thai clia chot dang hudng t&1 16 thir i.
PCH - M6 t vi tri trang thdi ciia chét khi cham vao 16.

PAL - Mo ta vi tri trang théi lic bat ddu duoc lap vao 16.

PN - M6 tA vi tri trang thdi cta chét khi di lap vao 16.

Viéc thyc hién cdc nhiém vu trén ¢6 thé trd nén phic tap hon néu
trong d6 ngoai nhimg bude di xdc dinh, vi du nhir HRi hoan toan c6 thé
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xdc dinh tir bdn v& k¥ thuat, cdn ¢ cac bude di khac cdn théng tin dé
hi¢u chinh. Trong trudng hop nay thudng sir dung két hgp véi cic bicn
~phdp khic, vi du. phuong phép day hoc cho robot.

Trén hinh 7.9 trinh bay 3 hé toa do Z. P va H gan lién tuong img
voi robot, chi€c chét va than hop ¢6 hai 16 .

- {4
\J}m\ .

Hinh 7.9. Cdc hé toa do Z, P va H

Thiét lap quan hé cia cdc he 1oa d6 Z, P va H v6i nhau va véi céac
hé toa do goc. Vi du, trong h¢ toa do géc néu chon gdc cia hé Z & toa do
Xx=-30, y=0,z=50nhurén hinh 7.9, ta cé:

1 0 0 -30]
010 0
Z =
00 1 350 (7.13)
000 0

Trén hinh 7.10 ¢6 2 h¢ toa do: T, gan v6i diém cubi cia canh tay
robot va E gén v6i tam cla ban kep. Diém géc cla h¢ E nam & vi trf
(0,0,10) trong hé 10a d6 T,. Do vay, ta cé:
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i 00 0

Lo lo1 o o

.1E:
0 0 1 10 (7.14)
0 0 0 1]

Hinh 7.10. Cdc hé toa dé Ts va E

Trén hinh 7.11 trinh bay cédch b6 tri cic hé toa do: H gan véi hop
than may. HR, gin véi céc 1. Theo d6, ta cé:

1 0 0 10] 1 0 0 10]

PRI HR o i 0 _
0 -1 0 15 1o -1 0 5| U1
0 0 0 1| 0 0 0 1
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X
x\l—lR[l] " HR (2]

yiylox

| | Ax
! - H Jﬁ
; . fd—

L j0—>ie-5 >

Hinh 7.11. Hop than mdy va cdc hé toa db

Hinh 7.12 mé ta vi trf trang thai khi chot did lap vao 16. Khi dé
truc Z cua chdét phai tring véi dudng tryc cua 16. Vi chét ¢6 hinh tru trdn
dai xiing nén phuong clia cdc truc X va y ¢6 thé wy y. Chon phuong truc x
thang ding. téc 13 gilt ngryén nhu phuong thang ding lic chét tir vi trf
nim & bang tai vita duge nang lén. Vay vi tri trang théi ciia chot khi da
tap vio 16 ¢ do sau 12 4 dugc mo ta bdi ma tran chuyén déi sau so véi
HR:

1 0 0 0]
01 0 0O
PN = -
0 ¢ 1 4 (7.16)
0 0 0 1.
X
Hinh 713
mo ta vi tri ban kep
trén chigc chét, con Z
ma trin chuyén déi
sau day mo ta vi tri
trang thai cua ban
kep chdt so véi y

chot:

Hinh 7.12. Chét Idp vao 18.



PG=

o 300

Hinh 7.13. Chét Idp vao 16

Tiép theo xdc dinh cdc ma tran chuyén ddi khic 1. ac quan he
ciu tric & cac vi tri thao tac khéc nhau ctia robot nhu dd dxge mo ta o
rén. '

Uhg véi vi tri p, {7.5) te la hic ban kep hudng 18i chét:

ZT.E=PPA
Tu do:
PA=P'ZT.E , (7.18)
Ung véi vi tri p, (7.6) wic [a lie ban kep kep chat chot:
ZT,E=PPG
Tir dé:
p =ZT,EPG" (7.19)
Uhg véi vi tri p, (7.7) e 13 lGc nang cao chot:
7/T.E=PPDPG
Tu do:
PD = P! ZT,E PG’ (7.20)

Uhg véi vi tri p, (7.8), tic 12 lic hudng 161 16:
7T,E = H R, PHA PG
Tir dé:
PHA = (H HR,;' ZT,E PG’ (7.21)

Ung véi vi tri ps (7.9), tiie 1a liic dimg lai khi cham vao 16:
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7ZT,.E = H HR, PCH PG
Tur d6:

PCH = (H HR,)" ZT,E PG" (7.22)
Ung véi vi trf p, ( 7.10), tiic 1a Wic diéu chinh hudng géc nghié.ng

ZT,E =H HR,PAL PG
Tir do:

PAL = (H HR))"' ZT,E PG" (7.23)
Hinh 6.14 minh hoa cdc vi tri thao tac p,, ps. va ps
Uhig v6i vi tri py..(7.11), tifc 13 lic 1ép chét vao 16:

ZT,E =HHR, PN PG
Tir do:

H=7ZT,E (HR, PN PG)* (7.24)

Hinh 7.14. Cdc vi tri thao tdc p,, ps, va P

7.3, HE THONG ROBOT LAM VIEC V(I CAMERA.
~.3.1 Bién dai chiéu hinh.

Bién ddi chiéu hinh 13 phép bi€n déi quang hoc dé chiéu cdc diém
trong khong gian 3 chiéu lén moét mat phang. Phép bién ddi nay réat cén
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thiét khi trao déi thong tin gifta cdc vat thé 3 chiéu va hinh chi€u cla nd
trén cac mat phang.

Trén hinh 7.15 mo6 ta so d6 phép chiéu quang hoc.

P////

Hinh 7.15. So dé hé théng chiéu hinh

He toa do x,y.z gan lién v6i camera va mat phang xy la mat phang
chiéu, truc z trung véi truc chinh qua tam thdu kinh. Nhu vay géc cua hé
toa 46 xyz qua tam cBia mat phang chi€u, con tam thau kinh c6 toa 4o la
(0.0.}) Vi A 1a khodng céch tiéu cu. O day, hé toa do x.y,z tring véi hé
toa do co ban X,Y,Z.

Gia sit X,Y.Z 12 toa do cta mot diém bit ky trong khong gian 3
chidu. Néu Z > A, tdc 13 trudng hop vat thé dang quan sét nim trudc thau
kinh, tir cdc quan hé giita céc hinh tam gidc trén hinh 7.15 ta cé:

E'X X

A Z-h A-Z (725
y Y Y |
N Z-n A-Z (7:26)
Tirdé:
X
7 (.27)
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Ay
Y-z

Luu ¢ rang cdc phuong trinh trén 1a phi tuyén tinh vi cdn ton tai
phép chia cho Z. & day ciing c6 thé diing ma tran thudn nhat 4x4 d€ mo
ta sy bién déi chiéu hinh. Tuy nhién sy khdc biét co ban so véi khi dung
céc phép bién déi khéc trude day (xem chuong TID) 12 sy khong tuyén tinh
nai trén.

(7.28)

Mot diém M bat ky ¢6 thé xdc dinh bing vécto r trong hé toa do
XY, Z:

r=(XY.2) (7.29)
Con & trong khong gian toa do thudn nhat (homogeneous
coordinate), diém M c6 thé xdc dinh bang mot vectd mé rong r:

F = (KX, KY,kZ.k)' (6.30)

Nhu di trinh bay trong chuong 1L k 1a hé s6 ty 1& c6 gid tri khac
56 khong va khi k = 1 thi cdc toa do biéu dién bang toa do cd thuc. Nhu

vay, d€ xéc dinh toa do thyc cla diém M chia 3 thanh phan ddu cta vecto
mé rong (7.30) cho thanh phan thé 4:

Ma tran bién déi chi€u hinh c6 thé x4c dinh nhu sau:

— —

1 0 0 O
01 0 O
Ac=lo 0o 1 0 (7.31)
00 -1 1
L A
Vay tich clia A, T 1a mot vecto T,
10 0 0] [kx] [ kX
01 0 0| |y kr
L=AF=10 0 1 0| | kZ (1.32)
0 0 - k kZ+k
I S S A R R A
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Cac thanh phin clia vécto md& rong T, 13 toa dO clia camera
trong khong gian toa d¢ thudn nhat. Dé x4c dinh cic thanh phan thuc
trong hé toa do gan lién vGi camera. tic 1a cac thanh phén cla vécto T,

(x.y.z) chia 3 thanh phin diu cla vécto md& rong T, cho thanh phan thi 4,

ta ¢
-y
X | A-Z
r.= = ! :
=LY -z Qﬁm
Z Z
A7

P6i chi€u véi (7.27) va (7.28) nhan thdy hai thanh phdn dau cla
vécto r, chinh 13 hinh chiéu ciia diém M (X.Y,Z) lén mat phang chiéu
clia camera. Thanh phén thi 3 khong tén tai trén mat phang chiéu va la
bién s6 tu do khi bién déi ngugc.

Bién déi nguoc khi chigu hinh 1 phép bién déi cdc diém tir hinh
chi€u trén mat phang chiéu thanh cdc diém tuong Ung trong khong gian 3
chiéu, tir phuong trinh (7.32), ta c6:

F=A'F (7.34)
vai: _

1 0 0 O]
01 0 0

A=

< 0 01 O (7.35)
0 0 l 1 '
L A

Gia sir ring (X,,y..0) 1a toa d6 cla diém dang xét trén hinh chiéu.
Gid tri O theo toa do Z ching 10 rang mat phing chi€u ndm G toa do Z =
0. C6 thé bidu dién diém nay trong khong gian toa do thudn nhat.

r.= (lcro,ky[,,o,k) (7.36)
Thay vao (6.34) ta c6:

—~— T .

r= (kxﬁaky{}sonk) (7.37)
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vi trong hé t0a d6 X,Y.Z ta ¢

X X,
r=1Y|= Y, (1.38)
Z 0 '

Pay la trudng hop khong chi 1 hinh chiéu cia 6t diém ma la
clia it ca cac diém trong khong gian X, Y, 7. nim trén cing mot duong
thing - dudng thing di qua cdc diém (x,.y.,0) v (0,0,A). Nhu vay tir
(1.27) va (7.28) ta c6 phuong trinh cda dudng thing nay trong hé toa do
XY Z, nhir sau:

X

X=—2(A-2Z 9

/1( ) (1.39)
Y

Y= ;(1—2) (7.40)

RS rang 12 néu chi bit toa 4o hinh chi€u clia mot diém (x,.y,) trén
mat phéing chi€u thi chua du dé xdc dinh vi tr{ chia diém d6 trong khoéng
gian 3 chiéu, ma can phai bé sung thém thong tin khic, vi du, toa 40 Z.
Bai thé thanh phan thi 3 cha vécto T, phai 14 bién 6 ty do thay vi $0 0
(xem 7.36) tic la:

o
|k,
| kz (7.41)
L k]
va thay vao (6.35) ta co:
ke W
_ B
=l ke (1.42)
kz
—+k
LA
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Sau khi chia 3 thanh phan dau cta vécto md rong r cho thanh
phan thit 4 dé bi€n d6i ve toa do X,Y,Z ta ¢é:

Ax
X =—" 7.43
: A+z (/43
Ay
Y=—= 744
A+z ( . )
Az
L=—" 45
A+z _ (7:43)
T (6.45) rit ra Z va thay vao (6.43) va (6.44), ta cé:
X =7(1-2) (7.46)
A
Y =2 (i-2) (747

7.3.2. Céc phuong trinh cv ban cua hé théng camera.

Céc phuong trinh (7.32) va(7.33) {a cdc phuong trinh co ban cha hé

M
y
X Z
Ip
&}
m
Z'n
Ty
Z
"¢
Xy

R

Hinh 7.16. So dé b8 tri hé théng camera

X
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thong camera. Tuy nhién khi thanh lap cdc phuong trinh trén ta da xet
truong hop déc biét 1a hé toa do camera X.y.z tring vdi he toa do co ban
X.Y.Z. Duéi day xét trudng hop chung khi x.y,z khong triing vé1 X,Y.Z.

Trén hinh 7.16 k¥ hiéu M 1a mot diém khong gian, duge xdc dinh
trong hé toa ¢ coban X, Y, Z va m 14 hinh chi€u cia diém M trén mat
phing chi€u, dugc xdc dinh trong hé tao do x,y.z gan lién véi camera.

Gié sit camera dat & tam khdp quay. xédc dinh bang ban kinh vecto
r, (X,,Y..Z,) trong hé¢ toa do X.Y.Z va diém gdc he toa do x.y.z dat o tam
mit phang chiéu. cach tam khop quay mot khoang cach biéu thi bang
I (r,.50:). Vay diém gdc clia he toa do x.y.z xdc dinh trong hé toa do
X,Y,Z bang véctor,;

r,=r +r, (7.48)
Khdp quay & diém dat camera dam bao géc quay o gifta cac truc
x va X, géc nghiéng 9 gitta céc truc z va Z.

Tit d6 ma trin bién déi hé toa do gia x,y.z va X,Y,Z, nhu da trinh
bay & chuong 111, ¢6 thé xac dinh nhu sau:

] —(X, +1 y]
R(x,a).R(z,8) —(Y, +1r3)
Ay = —(Z; + 1) (7.49)
\_ 0 0 0 1 ]
Trong do:
1 0 0 0]
R(x.) 0 cosa sina O _
x,0) =
0 -sina cosa O (7.50)
0 0 0 1
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[ cos@ sin@ 0 0]
—sin@ cos@ 0 O
k0= 0 1 0
1_

0 0 0
Sau phép bién déi (7.49) c6 thé dp dung trudng hop (7.31). (7.32)

(7.51)

ta ¢
T = AAT (7.52)

7.3.3. Phép chiéu hinh lap thé (stereo).

Nhu & phan trén day da dé cap t6i, mot diém trén mit phiang chidu
¢6 thé 1a hinh chiéu ctia nhiéu diém trong khéng gian, vi thé chua thé xic
dinh dugc vi tri thuc clia né trong khong gian 3 chiéu. D€ hinh dung duge
chiéu sau cta hinh anh cdn dén phép chigu lap thé (stereo).

Phép chi€u lap thé can dén 2 hinh chi€u x,,y, va x,,y, cha cung
mot diém M trong khéng gian (hinh 7.17). Khoang cich giifa 2 tiéu cy
cta 2 thau kinh goi la khoang chuén B.

Hinh 7.17. So dé phép chiéu lap the
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Nhiém vu dat ra 12 phdi xdc dinh dugc cdc toa do X.,Y,Z cua
diém M thong qua cdc toa dd hinh chi€u XY, VA XY, ctia né. Gia sir rang
c4c camera nhu nhau va ca hai hé toa d9 gan lién v6i camera hoan toan
tring khép nhau, chi khéc vi tii gdc ban dau. Ciing nhu O phan trén, khi
cho cdc hé toa do gan lién vdi cac camera tring véi hé toa do co ban thi
mat phang chiéu xy trung véi mat phdng XY. Khi lam nhu vay toa d6 Z
cua diém M duoc gilt nhu nhau d6i voi ca 2 hé toa do camera.

Khi cho hé toa d6 camera thi nhit tring v6i hé toa do co ban
X.Y.Z nhu hinh 7.18 ta cd:

. _ i
X, =I‘(i—2.) (7.53)
Tuong t lam ohu vay d6i voi camera thi 2, ta ¢6:
X
X, :_2'(/1_23) (7.54)
A
X A

\%I i)

]
1
1
1
1
|
1
1
1
L
1
Ll
|
]
[}
1
1
1
LI
1
1
|
E
1
1
1
1

(X2,¥2)

Hinh 7.18. hinh 7.17 nhin ti trén xuéng khi cho trung
heé toa do camera thi nhdt vsi hé toa d6 co ban XYZ



Nho ¢ cdce didu kién, nhir d3 néu & trén:
X, =X, +B (1.55)
7,=2,=2 ‘ (7.56)
tr (7.53) + (7.56) ta con

K, =X, +B= %(x~z,) (7.57)

) = %(k—Z.) (7.58)

va tit (7.56) va (7.58) ta nhan duoc:

AB

7= -

(7.59)

Nhu vay cdc toa do X,Y.Z cha di€ém M trong khong gian 3 chiéu
hoan toan dugc xac dinh biang (7.39), (7.40) va (7.59).

7.3.4. M6 ta quan hé robot va camera.

Phuong trinh (7.34) cho biét toa do diém cla vét thé trong khong
gian 3 chiéu X.Y,Z (vecto T ) thong qua thong tin vé& hinh chiéu cua
diém @6 (vecto T, ) trén mat phing chi€u cua camera. Ma tran (7.35) mo
th sy chuyén ddi.tic hé toa do gin lién vi camera sang hé toa do co ban
va c6 thé biu thi téng quét hon cho ca vat the 1a ma tran CAM.

Theo cé4c ky hiéu da trinh bay & phan vi du trong phian 7.2.2 thi P
mo ta vi tri trang thdi (vi tri va dinh huéng) cia chi&c chot vat thé trong
hé toa do gc (he toa do co ban X,Y,Z). Vay g day c6 thé bicu thi:

pP=CAMPC (7.60)
v&i PC mé ta vat thé dang xem xét trong hé toa do gén lién véi camera.

Trong nhiing trudng hop vi tri trang thal clia vat thé duge xdc dinh
theo mdi quan he bé tri khong gian cha robot, vi du (7.19), thi tir (7.60)
c6 thé xdc dinh ma tran chuyén déi tir hé toa do gén lién v6i camera sang
hé toa d¢ co ban:

CAM =P PC" (7.61)
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64. THE HIEN CHUONG TRINH THAO TAC CUA
ROBOT

Chuong trinh thao tac cua robot thuc hién cdc nhiém vu duoc
giao. Nhi¢m vy do duge mo ta bang mot ddy lién tiép cdc vi tri thao tac.
Trong vi du ¢ phan 7.2.2 1a céc thao tac tir p, dén p, (hinh 7.8). Cac thao
rac nay dugc thé hién bang mot chuong trinh, trong 4o tr cic phuong
trinh tir (1.3) dén (7.12), twong Ung vai cac thao tdc t p, dén p. can xac
dinh ra T, tmg v6i méi vi ui trang théi cia diém cudi cla cénh tay robot
trong he toa do co ban (h¢ toa do & dinh). Vi du, ing voi thao tac p,. tr
{7.5) ta viét:

ZT,E=PPA (7.62)
ta co: T.E=Z'PPA (7.63)
vi ctf thé, tiép dén p, cho dén py.

Nhung truéc khi thé hién chuong trinh cdc thao tic d6, cdn su
dung thém 2 bién:

COORD - mé ta he toa do ing véi vi tri dang Xét.
TOOL - mo ta dung cu dang duge si dung.

Nhu vay tit ca céc phuong trinh (tuong tw 7.6.3) {ng véi cdc vi tri
thao tac déu ¢6 thé viét dudi dang sau:

T, TOOL = COORD POS (7.64)
Vi du, ting véi thao tac p,, ta co
COORD: =-Z+P;
TOOL : = E;
va thao tc 12 : MOVE PA
Trong céch viét trén, dung ddu (+) d€ chi phép nhin ma tran va
d4u () dé chi phép nhan ma tran nghich déo.

Theo d6, chuong trinh thé hién cdc thao tdc cila robot tir p, dén py
¢6 thé viét nhuy sau:

TOOL:=E Gan dung cu
FORI: = 1,2 DO
BEGIN
READ (CAMERA, PC) . Thong tin tUr camera
P:= CAM+PC; Vi tri cua chot
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END

COORD :=-Z+P;
MOVE PA ;

MOVE PG :

GRASP :

TOOL :=E-PG:

MOVE PD ;

HT :=HR (1] ;
COORD:=-Z+H+HT:
MOVE PHA:
MOVE PCH:
MOVE PAL;

MOVE PN:

RELEASE ;

COORD: = -Z+H+HT+PN
TOOL : +E

MOVE PA

Toa do ciia chot
Hudng 181 chot
Sap kep chot
Kep

Dung cu bay git bao gém
ban kep da kep chdt.

Vi tri xuft phat (bat dau
mang chot di)

Vi tri Yip vao 16
Toa do cla 16
Huéng 6i 16
Cham vao 16

Pat dong tam vdi 16 (hic
chudn bi lap)

Lap vao 16
Dai di

Toa d6 cua 16 da lap

7.5. CHUYEN PONG GIUA CAC PIEM TUA.
7.5.1. Dat viin dé

Nhu da trinh bay & chuong V khi Iap trinh quy dao
robot dé thuc hién nhiém vu dt ra, thong thuong cén biét v
hudng chia khau tac dong cudi cla robot & nhimg diém khdc n
khong g
gom cic vi trf bit buge phai di q
tri cling phai di qua
cong viée vi méi trudng las
diem tua. Khi biét vi tri va
phuong phap gidi bai todn dong hoc ngugc, xdc din
khép (toa do suy rong) dé diéu khién chuyén dong cla

dé tranh chudng nga

chuyén dong
1 tri va dinh
hau trong
ian thao tac.Goi ching 1a cdc diém nta . Cac diém tua nay bao
ua dé thuc hién nhiém vy va ca nhiing vi
i vat tren dudng di. Tuy theo
11 viéc cha robot ma quyét dinh s luong cic
dinh hudng clia khau téc dong cudi theo cac
h dugc cdc gid tri bién
rimg khép dong va



téng hop lai thanh chuyén dong chung clia robot theo mot quy dao nhat
dinh. Hay ndi chinh xdc hon 1a theo cic diém tua ciia quy dao. O phdn
nay. khao st su chuyén dong giita cac diém tua d6 1a dé chon ra nhitmg
qui luat chuyén dong hop ly. Cic rang busc & day cé thé 1a gia t6¢ va van
t6c chuyén dich, cdn céc han ché do chudng ngai vat trén duomg di da
duge dinh truée bang vi trf cic di€m tua bd sung. & phin cusi s& xem xét
dén cdc han ché€ vé dong luc hoc khi chon lua quy lugt chuyén dong cia
robot.

C6 2 céch ti€p can van dé vé chon lva quy luat chuyén déng hop
ly giita cdc diém nya.

Céch thi nhét thudng tién hanh trong hé toa d¢ suy rong, tic 1a
trong khong gian cdc bi€n khép q; (1). Khi d6, néu cho trudce céc diéu kién
nhu dam bao do lién tuc va diéu hoa & nhimg diém chuyén tiép. cd thé
Xac dinh céc hé s6 clia ham da thic biéu thi gin ding duong cong quy
dao.

Céch thit hai thudng ding trong hé toa d6 P& céc. Lic dé cho
trude dang ham gidi tich, vi dy, ham bac nhat bidu thi qu¥ dao gém nhiéu
doan thang néi ti€p nhau. Sau d6, thay thé gin diing quy dao niy bing
quan hé ham trong tng ctia cdc bién khap.

Nhu vay lap trinh quy dao qua céc diém tua c6 thé tién hanh trong
h¢ toa d6 cdc bién khép hoac trong he toa do Dé cdc. Khi lap trinh trong
h¢ toa d6 cic bign khép, cdn biet quan he q(t) va cdc dao ham béc nhat va
béc hai cia chiing.

Lap trinh quy dao trong hé toa dé céc bign khép ¢6 cdc uu diém
sau:

I) Cho biét thong tin vé bién khép 12 nhimg thong s6 didu khién
truc ti€p cic khép dong;

2) Vi vay c¢6 nhiéu kha ning dim bao thoi gian thyc trong diéu
khién;

3) Viéc lap trinh dé& dang hon.

Nhuoc diém chinh 1a thong qua gid tri cta cic bi¢n khdp chua thé
hinh dung ra ngay vi tri cia co cdu tay mdy trong khong gian, ma vi vay
phai tinh todn nhiéu lin, vi du, dé kiém nghi¢ém xem c¢é bi cham vao céc
vt thé xung quanh khong.

Thudng diing hon 1a céch thitc sau: tir toa do cdc diem tya giai bai
toan dong hoc nguge dé tim gid tri cac bien khép, réi dung phép noi suy
xap xI bing ham da thic bac thap dé xay dung quy luat thay déi thich hop
cde gtd tri bien khdp, twong tng véi quf dac qua cac diém tua bat bugc.
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A{ du, mO 1@ quy

C6 nhicu phuong phap gm quyét
dao gom phiéu doan thang not , 11ép hoac dun
7.5.2. Mo ta qu¥ dao bang Spline bac 3.

Spline bac 3 12 phep not suy ba ¢ bac 3 ged
fuc cla dao ham 5t va bac 2 tai cic diem {ua. Phuona
phép Xay dung qu i v 1 ddi aéu hoa va

Am bao sy jien
phap nay cho
doc chinb XAcC

1&m xuat phdt va

can thiét.
Xét dudi day rutng hop quy dao bt dau W di
di qua > didm . Khi dung Spline bac 3. mbi doan quy dao o dugc md ta
bang mot { da thic bac 3
hib = a-ﬂt + 3y £ 4 a, UF 2 (7.65)

i L - (ot gian auy doi:
T—Ti4
ey T e[z‘}.,l,rj],

t=
T, T

inh bang g1ays

g véi 4iém cudi cua doan quy dao

Lo doan quy dao thit 3

- thoi gian thuc,
- thost gian (thuc) un

Ti _ thot glan (thyc) ing & diem
a, - ne so tha 1 cud da thic ung vor doan quy dao thi s
j=1 234,00 fa doan cudi).
Trén hinb T- 19 trinh bay € cac doan quy dao o md pang Spline bac
3. Pidu kign ble.n.pu.a cac doan quy dao cing g‘n . wén hinh v&, bao gom
gxa i g, 0 ¢4¢ diém tua, van {oc v, va gia 10¢ ;.
Pao. ham pac nhat { va bac 2 ctia ham da thic hi®) heo thii glap
thye duac tinh nhu sau:
1 ?g :
I cr) g d dh (1)
v(r)- A T T
dt dr 7 T,y dt )
' 7.66)
B dh.m 1 ¢
L --hj(t), j= 1,2..70
ot dt t,

1
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a,t) =
y 2 2 2
dr (z,—7,.0) dr
(7.67)
1 dzhj.(r) 1 - ~ \
=3 7 2 h,r'(t)& J= 192“-” o
£ dt 5y
A
B .
ﬂ/’rﬁ_\'/‘
#,
By (8} #y (4 At}
t:‘
b b B | b I | o o
I T L il lar |
Hinh 7.19. Mo td quj d-‘go béng Spline bac 3.
Céc hé 6 a; duge xac dinh tlr cdc diéu ki¢n bién nay.
Doan quy dao thir nhdt mo ta bang da thic sau:
by (1) = a,:tt + 2,0 +a,t +a, (7.68)
G vi trf xudt phat t =0 va g, biét trudc, ta c6:
h(o)=a, =4, : (7.69)
L @) _ay
o
L 4
Tit d6, ta c6 : a;, = vt
2 .
alz = S
2
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va do dd ta co:

a4 = h,(0) _ 2a) o
0 I‘,Z rlz (7.71)

Gvitrit=l, tacé:
at2
o'l
h(t)=a; + 5 +v,t +4q, =4 (7.72)

- T do, ta cé:

2
at __
Q3 = O, — V1 — 021 (773

3 day ciing nhu vé sau dung k¥ hieu &=4, - G,
Nhu vay, doan quy dao dau tien duoc biéu thi biang phuong trinh

sau.

at? atl
h](t) = (51 - vor] - 021 )IB +( 02] )tz + (votl)t +qo (774)

Tir 46, xdc dinh van toc va gia toc tai diem cudi cha doan quy dao
thit nhat:

m _
tl . rl tl

38, — (a,tl)/2-2v,t, _ 36 at, _
= =T (9

(1) 65, —2a,tl —6v,t, 66, 6V
=a = ° ot =TT T 2q
! ] tiz tlz f o (7.76)

Pay ciing 1 van t6c va gia to¢ tal diém ddu cta doan quy dao thi
hal.

Doan quy dao cudi dugc mo ta bang da thic sau:
3 2
h(1)=a;t +a,t” +a,l+a, (7.77)

Theo cac diéu kién & diém déu (t = 0) va diém cudi (i =1) cua
doan qu¥ dao, xdc dinh:
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h (0) = a,, =, chobiét trudc (1.718)

hn(l) =dpy Td,, +d, + qn = qf (7?0‘)
Ry _ 30+ 200t o )
=V, = 7
‘ / ‘. (7:80)
hn(l) _ _ 6an3 + 2an2 .
rI ap =—"" ‘rz"“ (181)

n
Giai céc phuong trinh nay 4é tim cdc he s6 a3, 3 2o cudi cuing

ta co:

. aty y s
h (=00, v, T '2 2+ (=36, +3vj.r”-afru)r +

2 (7.82)
a frn
+(38, —2v,i, + T)t +q,
Vdi 611 = ql.' - qn l
Douan quy dao thit hai duge mo ta bang da thitc sau:
2 .
h(1) = azat3 +ayt” +ayl +ay (7.83)
Theo céc diéu kién bién & didm ddu clia quy dao nay (1=0) ta co:
h,(0) = 8 = (784)
hylo) _ay _m@) )
i= == (71.85)
(, t h .
do vay: ay = Vily
(0  2ay _ AO
a - —_ = —_——— o 7’.86
1 f% Ii t|2 ( ) |
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tir do:

L )

at
2

dy =

Vi cic hé s6 nay da thitc hy(t) ¢6 dang sau:

5

- al 2 ]
hz(r)=a23r"‘+(——2—)r'+(v,r2)r+q,, (787)
vii:
30, a,t
vy, = -2y — 1
1 ! © 2 : (7.88)
66, 6v, |
a = ———=-2a, (7.89)
ll 1‘1 '

Thay vao (7.87) cic diéu kién t = | ting v6i di€m cudi clia quy dao
thit hai, ciing tic 12 diém ddu cua doan qu¥ dao ti€p theo:

2
al
— g = 12
h(l)=q, =a,+ 5 Vi, + 4y, (71.90)
h,(D) 3a,, + afts + vl a,.
2 =y, = 23 W) 2 =y taf, + 2 191
b 2 5
i, (1) 6a,, + at 64,
2 23 12 23
=q,=—"F——=4a + 17.92
d 4 o (o)
Cic gid tri q, v, va a, déu phu thudc vao a,..
Doan quy dao thit ba duge mo ta bang da thiic sau:
h(t) = at” +aut +agf +ay, (793)

3 diém dau t =0, ta ¢cé:

2

alt;
hio)y=a,y =¢q, = ay + 12“ +vi, + 4, (7.94)
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h(o) ay, (1) .
t t t

Tudo. a; = vot;
Tiép theo,
/'7.1 (0) 2ay h-:z (1)
= - = . ?'")6
g £ £ o)

Tu dd ta cé:

Thay cdc hé s6 vira xdc dinh dugc vao ( 7.93) 1a ¢é:
ats
3 2fs 2
(1) = ayt” + (—h"2 W+ W)t +q, (797
Theo dicu kién bién khi t = 1, ing v&i diém cudi ctia doan quy dao

thit ba, ciing tifc 14 diém dau cia doan quy dao tiép theo, ta cé:
2

a,t

h(l) = qd: =g, =Vyl; + _22—3"' 33, (7.98)

A1 3a,, + a,ti +vit, 3a, .
J( ) — v3 — 33 273 203 =7, +a»,f3 + 33 ( _;99)

t t N 1 *

hy (1) ba,;, +a,t; 6a,,
; —dy = 3 =d, 5 (7.100)
! Z; l,

Céc gia tri g,, v, viL a, déu phu thudc vao a,,.

Doyn quy dao thir i duge mé 14 bang da thitc sau:

h(t) = a43t3 + a42t3 +a,l+ay (7101)



_ o) _ay _ ().

- 7102
: - a, t2
h(0)=a, =g, = G, t V3 + 5 + 4, (7.103)
Ung v6i céc diéu kién bién tai diém ddu , 1 = 0, ta c6:
a5 = Vi, '
Tiép theo:
_ h,(0) _ 2a,, B A (1)
BET T TR o= (7.104)
4 24 2 '
T détacé:
2
_ azly
Ap =
2
Thay céc hé 6 vira tim duoc vao ( 1.101), ta cé:
3, Aty
h4(1):a43[ +(7)t +(v3t4)t+q3 (7.105)
Theo diéu kién bien tai diém cudi t =1, 1a c6:
2
h,()=a, T Vst +g; =g, (7.106)
h,() 3a, 33, a;t
= 4 +a,t, +V3-V = ( 7107)
t, t, t 2
54(1) ba,, -~ 60 6v, :
: 3 —a — f .
y T T3 tay=a,s—t+—L_0y (7.108)
(; t? t; t,
Tir phu'cmg trinh ndy ¢6 thé xic dinh cic hé 80 ay,, a,;, a,, & phdn

trén con 1 4n s6.
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Cudi cung ¢6 phuong trinh cdc doan quy dao nhu sau:

2 2

a,t caqt 7
h,(t)=(8, —v,t, - 021 )t3 +(_?2‘L)t_ +(V0t|)t+Q()(6.109)

35 a,t 66, 6v
vy =—-2vj-—1a, =—1-—"2_2a
t, 2 t2 1,
3 aitg 2
hz(t)=a23t + ( W+ (v )t +q,
at;
q, =a, + 5 + v, +q,
3a 6a
VoEvitat, +—2; a, =a +—
t, 3
a t2
h3(t)=a33t3 + ()’ + v,tt+q,
azt§
G; =g, tVv,t; + 7 + a5
3a;, 64,
Vy; =V, +a,t; + , ;4 =a,+ 0
3 3

-

h4(t):343t3+( )t +(V3t4)t+q3
af

h ()= -v.t_+
W(O=6, =it +=

' a,‘ti
+(36n “'2Vl-ln +—5"')t +q4

30 a.t 65, 6v

— n 2 f n — n i
Vy = 2V »dy Y -

tn tn tl‘l

t2
Dy0° +(-38, +3v,t, —a, i’ +

(7.110)
(7111)
(7.112)

(7.113)

{(7.114)

(7.115)

(7.116)

{7_.!17)

{?'.'118)

(7.119)
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a {2 adl a t? X a t? %3 ?. 20y
37k T 33 74—, 3= Yy 7.1
2 ? D 33 D 13 4 D (. 3
Trong dé:
2 N
X :kl(uhtz)-i_kz (ti —'d)-—k3[(U"—t4)d+[4(t4 “[2) (1121

Y2 =R Gk (- K[ -t e+ 1, )] 7120,

X3 :kl(uﬁl4)+kg(dhc)+k3[([4 _tz)c'_d(u'_tz)J(?.JZ?)}

D=u(u-t,)u-t,) (7.124)
U=1+1 +t, (7.125)
H2 .
k,:qa,-qi—v,u—a;? (7.126)
Vi Vi—aqu—(a,—a)u/?2 _
3
a, —a, ._
k, :T (7.128)
¢ =3u,- 3ut, + 1,2 (7.129)
d=3t’+308, +12 (7.130)

6.5.3. Lap trinh qity dao trong hé toa do Pé csc

Trong phin truée da xay dung qiiy dao trong khong gian cdc bi¢h

khdp (toa do suy rong) va ndi suy bang da thiic bac thap. Mic du theo gi4

tri cdc bién khép ¢6 thé hoan toan xdc dinh vi tr{ v dinh huéng cita ban
kep trong khéng gian toa do Be cic. Tuy phien, dé da hinh dung truc

Nhu da biét tai timg diém twa c6 the diing ma tran thusn nhit 4x4
d¢ mo ta quan he gilta h¢ toa do gén lién véi ban kep va hé toa d6 co ban.
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Gid trj cdc bién khop tai cic diém tra ndy dugc xdc dinh theo cdc

phuong phép giai bai toan dong hoc ngugc. Nhu vy ma tran 4x4 néi trén
ciing hoan toan xac dinh, chi con viec di chuyén tir di€ém tga nay sang
dién tya kia 1a chua xdc dinh. Theo phuong phap trong [7] tir dieém tya

o

nay sang diém tua kia c6 the thue hién bang cich di chuyén theo dudng
thang ndi hai diém va theo cdc chuyén dong quay dé dam bio dinh hudng
t61 clia ban kep.

Trong trudng hop nay ching ta viet:
T.=C (OP, (7.131)

201 T, - ma tran thuin nhat 4x4, mé ta dinh vi vi dinh huéng cta ban
kep trong hé toa do co ban.

P, - ma tran thuén nhit 4x4, mo ta dinh vi v dinh hudng cia vat
thé dsi tac khi bi kep giita ban kep dang ¢ vi tri thit 1 trong hé toa do tham
chiéu thi j cha vat thé doi tic.

C(1) - ma ran thudn nhat 4x4. mo td quan hé giita he toa do tham
¢hidu ciia vit thé déi téc so véi hé toa d co ban.

Quan hé nay c6 thé thay d6i theo thoi gian t, hodc khong déi.
tham chi bing ma tran don vi, néu hé toa 44 tham chiéu ndy trung vai hé
toa do co ban.

Néu chon gdc hé toa do tham chifu cua vat thé dai tac trung véi
diém thi (i+1) khi xét chuyén dong cha ¢i€m thi 1 thi ta ¢é:

T =CnV) P i (7.132)

Theo [7] viéc di chuyén tir diém thif i tdi diém thit (i+1) c6 thé mod
t4 bing ma ran D(1), b sung vio (7.132), ta cb:

Tr, (;‘~) = Cm.(k) Pi_iol D(;‘J (7‘]?’3)
v

f
A =—,1¢€]0,l
= [0,1]

{ - thosi gian thyc tinh tiv diém ddu cua doan quy dao dang xét,
T - tdng thoi gian di chuyén trén doan gy duo nay.
Vay A 12 thdi gian quy déi khong thd nguyén.

(3 diém dau cha doan quy dao. diém iz 1 = 0; & = 0} Do} bing ma
tran don vi va & diém cudi doan quy dao diemi+1,thit=T: A =1va

Py = P DO (7.134)
187



Ttr d6 ta cod: _
D(1) = (Po,)" (Phiin)- | (7.135)

Nhur di biét, ¢6 thé mo ta dinh vi va dinh hudng ctia ban kep (khi
da kep vat thé ddi téc) tai cdc vi trf diém tua i va (i+1) bing cdc ma trin A
va B sau day:

sy oal p)]
P =A= n\; q: “; Pf-.\ ___irn v S, a, p.J\:l :
n} s) oat pt| Lo o0 o 1] (T136
L0 0 0 1]
0 YAl p?] |
PLi.=B= ng SE ag pg :[HR “n pB—E(?AIR?}
n, s, a, p, 0 0 0 1|
0 0 0 1|

Trén co 86 ( 7.135), (7.136) va (7.137) ta c6:

_nA'nB nA'SB nA'aB nA'(pB_pA)_

S,y s,.8, s, a, Sa-(PB—PA)_,

a,ng a,s; a,a; a,(p,-p.)
0 0 0 1

D)= I(?,138)

Dau cham (.} giira hai thiva s6 (vi du, n,.n,) la ky hiéu phép nhan
vo hudng vecto.

Ma tran D(X) c6 th¢ bidu thi bang mét quan hé ham sau [7]:

D) = L(A) Ry(R) Rg(h), (1.139)
L 0 0 ix
voi L= O (7.140)
0 0 1 Az '
0 0 0 1
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SIV0.9+C09  -8,C,V08)  C,SH0 0
R . (1)= 5,Cy V09 CZVR0)+COH S, 508) O .
-C,508) -, S0:0) cao o] U
i 0 0 0 1
C(hp) ~S(e) 0 0
Ry(h)= S(E(p")‘_l_. C(E(p) ? .g (7.142)
0 0 0 I
trong do
V(R0) = 1 - cos(AB)
COMO) = cos(A8), S(18) = sin(A6)
C(AQ) = cost AQ). S(AP) = sin(A@) )
va e [0

*a wan R, mo ta sy quay & vi tri tai diém i, goc quay 6 quanh
vecto hudng 161 a,. Ma tran Ry(A) mo ta sy quay & vi tri tai diém (i+1),
gbc quay ¢ quanh vecto huéng 61 a, "~

Thay (7.140). (_?.141) vi (7.142) vao §7.139), tacd:

D) n &s d0a op ' (7143
0 0 O 0 '
vii
[ - S{?up)[Sz\f(lG)+C(lB]+C(MP)[—S c, Ve
8=\ soei- SyCy V(l@)]+C(lG)[C V(m)+cue}1
L -S(ho)-C, SO+ C(J&E})[ -S,,509)
[C,S(A8) AX
da=|8,8(20) 11 dp =AY s Sn = ds x da.
1 coe v

So sanh cac phdn ti tuong (g cla 2 ma tran (7.138) va {:’ (43)
Khia =1, tacd
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X =Ny (Py - Pa) |
y=sy. (Pa-Ps) (7.144)
z=a,.(py- P
Ung véi cdc phan thit 3 ta c6:
Sady
n,ay

W = arctg —HSWYSET (7.145)

n.n.)+(s,.a,)° ’
E):arctg[( A “)‘ (‘ A T O<O<T) (7.146)
a,.d,

Cudi cling, tim biéu thitc tinh ¢:

S(p =- Sq!CqJV(}\.e) (n,\.nu)+ [CCWV(}\E))+ C (?\.0)] (SA'“B) -

- SwS (A8) (n,.ny) (7.147)
Cep = - SyCyV(B) (n,.8p)+ [CyV(RO) + CAB)] (54.8p) -
- StpS (7&9) (n,\.nB) (6 | 48)
Sw
@=arctg— —MTSPsST (7.149)
(’tP

_ D(1) duge goi la ham dan. Tay theo céc yéu cdu dinh hudng ban
kep ma xdc dinh D(A), con vi trf tam ban kep dugce di chuyén trén duong
thang ndi 2 diém tya. Nhiéu khi lai con phai dung doan cong chuyén 1iép
gita 2 doan qu¥ dao dudng thing dé tranh su thay d6i dot ngot vé 1oc do
di chuyén. )

Trén day da trinh bay trudng hop xay dung quy dao gifta 2 diém
tya i va (i+1), theo dé xudt trong [7], nhu mot vi du. Theo d6, vi tri tam
ban kep duoc di chuyén doc theo dudng noi 2 diém tua. Trong khi d6 ban
than ban kep thuc hién cdc chuyén dong quay {tai vi tri quay phic hop véi
gbc 6 va ‘P, con tai vi tri (i+1) goc quay ¢). Doan cong chuyén tiép tai
diém giao nhau ciia 2 doan quy dao thing, dugc xay dung nhu phép ndi
suy bac 2. _ _ Ce s |

" “Trong thuc t€ con ¢6 thé thuc hién qu§ dao quatdc diém tua bang
" nhiéu phuong phap khic nhau va phai xét té1 cac dic diém cong nghé.
“Tuy theo loai hinh cong nghé duge robot phuc vu ma xdc dinh cic dac
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(inh dong hoc, dong luc hoc tai mot s diém tya quan trong dé dua thém
_céc didu kién rang budc khi xay dung quy dao di qua cdc diém wa nay.
Trong phdn 7.5.4 tiép theo s€ gidi thicu thém mot phuong phap xay dung
qu¥ dao qua cdc didm tua va c6 x¢t to cdc rang buoc vé dong luc hoc.
Con dudi day 12 mot vi du vé phuong phép lap trinh qu¥ dao qua cic diém
fura.

Trén hinh 7.20 1a so d6 thao tdc chia mot robot ¢6 nhiém vy lay
céc chigc dinh 8¢ trong & chifa d€ ap vao cdc 16 va di qua cic di¢m tya
theo qu¥ dao la cdc doan thang.

Hinh 7.20. So dé thao tdc cua robot ¢ua cae difm nga

Theo nhiem vu dat ra dé ta thiét 1ap céc phuong trinh ma tran tai
cdc vi tri diém tua Khdc nhau:

GdiémP,: [BASE][T](E] = [P] (5.150)
3 diém P, : [BASE] [T [E} = [BOI{P] (7151
& diém P,: [BASE] [T {El = [BOJ[P;] {7:152)
& diém P, : [BASE] [T,] [E] = [BO} [P4] {7.153)
3 diémP,: [BASE][TJ](E] = [BR][P.] C£1.154)
G diémP,:  [BASE] [T] [E] = {BR]{P:] (155)
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Trong céc phuong trinh trén da ding cdc ki hiéu sau bi€u thi cac
ma tran thuan nhat 4x4:

[BASE] - ma tran quan hé giita hé toa dg co bin x.y,z gan lién véi
robot vit hé toa d6 ¢6 dinh x,,¥,.Z.

fBO] - ma tran quan h¢ giita hé toa do gan lién vé6i vi tri cla 6 chia
dinh oc¢, 50 vdi hé X,,y,.2,.
[BR] - ma tran quan hé giita hé toa do gén lién véi vat thé ¢6 cic
16 lap dinh &c¢, so véi hé x,,¥,.2,.

[P,] - ma tran quan hé gilta hé toa d¢ gan lién v6i vi tri xuél  phat,

so vO1 hé X, Yo, 2y
[P,).{P1.IP;] - cdc ma tran quan h¢ gitta cac hé toa do gin lién véi

cic diém tua Py, Ps, P, 50 v6i hé toa dé lién quan véi [BO].

[P,][P.] - cdc ma tran quan hé gitia hé toa d gén lién véi cédc diem
tua P, va P, so véi hé toa d6 lién quan v6i [BR]. '

[T,] - ma tran quan hé giiia hé toa do gan lién v6i di€m cudi cha
tay may.va hé toa do co ban x,y,z,

[E} - ma tran quan hé giifa h¢ toa do gén lién v6i ban kep so véi
hé toa do [T,].

D¢ biéu thi su dich chuyén tir diém P, dén P, (i = 0.1,2,3,4) dung
ma tran P,.,. VI du khi mé ta su chuyén dich tir P, dén P, ta viét lai
(7.150) trong hé toa do P

[T} = [BASE]"' [Py J[E]" (7.156)
va trong hé toa do P, ta c6
[T,] = [BASE]"[BO](P,,J[E]" (7.157)
Tir (6.156) va (6.157), ta c6 .
[Py ] = [BOY' [Py e (1158)

Nhu vy, viéc di chityén tir vi trf diém i P, dén vi ui diém tya P,
doc theo doan thiang néi chdng v&i nhau, cdu hinh cia tay may thay doi tir

[T = [1‘315&SE]"[B0][P...][E]‘i (7:159)
sang c4u hinh sau: ' ]
[T.] = [BASE]" [BOI{P,,J[E]" (7.160).
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7.5.4. Mo ta quy dao qua céc diém .tua biang da thirc bac 3 ¢6
xét dén cic han ché vé dong luc hoc.

Trén day da mo ta quy dao qua cdc diém tua diung Spiine bac 3
hoac cdc doan thang néi lién tiép chung Tuy nhién ca 2 phlr(mg phdp déu
chua xét dén cdc han ché vé luc vd moémen, van toc va gia toc cla cic b
phan truyén dan & cdc khdp dong. Theo 7] ding da thic bac 3 dé mo 1a
quy dao qua cac diém tua va chi ¥ dén cdc y&u 16 dong luc hoc nay tu
diu thi ¢4 thé nhan duge qu¥ dao chuyén dong tron tru vi déu hoa.

Ky hig¢u Q; (1) 1a da thic bic 3 biéu dién su bién thién cta bién
khép (toa do suy rong) thir ) glua 2 diém wa B, va B, nong khoang thoi
gian [, , t,,]. Vin d¢€ la phai "néi ghép” cic da thic Q; nay lai (1= 1.2,
...n-1) sao cho qu¥ dao phai di qua cdc diém tua va dam bdo tinh lién e
vé hanh trinh, van 8¢, gia t6c rong sudt khoang thoi gian [t, .1, ].

Vi Q,(1) 1a da thic bac 3 nén dao ham bac 2 cua ching la ham bac
nhdt theo thdi glan t:

jS(t) = b - jS(ti)+ . _ti)jS (i) (7.161)
u. u.
véi i1=1,2,..n-1
i=1,2...N
u, - thovi gian di chuyén trén doan dudng thi i, u;, =t,, - 1.
Lay tich phén 2 lan v&i cdc diéu kién bién:

Qi)=q;: Q; (L) =9

ta co:
le(t1) 3 Qu( 1+l)
()= i, —t t—t,
Q;(t) 6u, (t,, -0 + 6u (t—t) + |
L L (9.162)
. A (t. . A (t
+17q_1‘|+l _uJle( |+l)-|(t_ti)+‘rq_|.1 N ulQ_!l( |)—1(t1+1 —t)
L W 6 L i 6 |
=12 ..n-L i=12. N

Nhu vay déi véi cdc diém i =1, 2, ... n-1 thi Ql, (t) 1a xéc dinh néu
biét cic dao ham bac 2 cua chiing tai cic thcu diémt, vat,

“Trén co s& d6 ta c6 (n - 2) phuong trinh tuyén tmh véi an s

Q, (t),i=2..n-1:
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AQ=b
|- sz(tz) ]
Q — ij:(t3 )
qu.n—I(tn-] )_
A L N
U,
u, — u 2(uy +uy)
i,
0 u,
0 0
0 0 0
un-3
2(u, ;+u_,)
0 0 u.,

(7.163)




di

q;
4

K

U, u

11 u;
-6 u—l-l--l:z— qji+ulvj.|+?djl u;d“a

6 +u,v +u'2a +6qj4—6 1 +Lq
u, q; ljl_ 3 4, lu, o, i3
6 qjs_qja_q:;_qj's
L W U
6 qjs_qH_Lh 95
L W us
b= :
6 Ui—;,
un_z an_ Jnunl+den -

Néu u; luén ludn duong, tir phuong trinh (6.163) ta cé:

O=47"b

{7.164)

va sau khi thay vao (7.162) s& nhan duge biéu thitc xdc dinh Q(1). Nhu
vay QJ,(t) phu thudc vao khoang thoi gian u, vao cic gid tri cla bién
khép, cua van téc va gia toc tai cic diém tua.

bé tang nang sudt thao 14c, tay may phai thuc hién quy dao
chuyén dich v6i thoi gian ngan nhat. C6 thé dat bai todn t5i wu chon
khoang thoi glan 1; sao cho tdng thoi gian T 12 min trong phdm vi gibi

han vé van t6c, gia t6c va luc suy rong.
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Ham m tigu:

T=Zuy — min (7.165)

Gidi han vé van toc:

0, w]<v, i=12,..N

Giét han vé gia 16c¢:

[0, m]<v. i=12,.N

Gidi han vé luc:
[Fy]l <F, j=12...N
Trong d6 V;; A, va F, Ia cdc gid tri gidi han vé vin tdc. gia t6c va
luc suy rong doi vai khép dong thir §.
Cdc diéu kién gidi han nGi tén ¢ thé viét chi tiét hon nhu sau:
Gichi han vé van toc:

Ly vi phan bicu thitc (6.162) va dat:

.s

Q,)=w, C(166)
Q@) = @ iy (1.167)
ta co;
_ o, O,
Q= (t, -1 + L —r,)? +
2u, i
/168
N qjins _ Wi _ ﬁ_ 00 (_' )
u, 6 u, 6
. O in @
u. u N

i i
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Trong d6 o; - gia t6c goc tinh bang (7.166) tai dicm tya B, & thoi
gian t. Trong khoang thoi gian [, t,,] vanr tOc c6 thé dat cuc dai at thoi
diém t’; nao dé. Tai thdi diém t’ nay ta cé:

. :
jS(ri)_o (1.170)

Nhu vay diéu kién gi6i han vé van tc cé thé biéu thi nhut sau:

max llQ Jili - maxUQJi ([i )l’ ‘Qii (tm )|’ lQ,ii ([T )H < Vi

lel[i_,li+l] (}1?1)
i=L2,...,n-1; j=12,..N

Trong dé:

R T T YIS PN

R
IQ (. )| _ @i 0+ qin — 95 + (fD}-i *(Dj..m)u_

i i+l 2 i ui 6 |
Q ..([:_k ) = 00l " (G)ji — O , + qiv 9 ‘

Jivtid

A0, —0,,) 6 u, \
0 Néu o, #0,, t elt,,t,,]

Néu Oy =04, 4ol

Gioi han vé gia toc

Véi quy dao hanh trinh da biéu thi bang cic da thic bac 3 thi
quan h¢ gia toc theo thoi gian 1& ham bic nhét, cho nén trong khoang thoi
gian [t, t,,] gia tdc I6n nhat dat hodc O thoi diém t; hoac t,, va bang gid
tri 16n nhat trong 2 gid i fo | va |, .

Vay diéu kién gidi han vé gia toc 6 dang sau:

L]

Max{

‘w . }s A, (7.172)

W ..,
)2 Jn

@it “""jz

Gidi han vé luc € duge khao sat & chuong sau.
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CHUONG Vil

DONG LUC HOC ROBOT

8.1 NHIEM VU VA PHUONG PHAP PHAN TiCH
PONG LUC HOC ROBOT.

Nghién cttu dong luc hoc robot [a gial doan can thiét trong viéc
phan tich ciing nhu téng hop qud trinh diéu khién chuyén déng. Trong
nghién citu dong luc hoc robot thuong gidi quyét hai nhiém vu sau day:

*+ Nhiém vu thé nhat 12 xdc dinh mémen va lyc dong xuat hién
trong qua trinh chuyén dong. Khi d6 quy luat bién déi cia bien khdp q,(t)
xem nhur da biét, -

Tinh todn luc trong co céu tay mdy 12 viéc rat can thiét khi chon
lwa dong co, khi kiém tra d¢ bén, do cing vimg va tin cay cia tay mdy.

+ Nhiém vu thit haj 1a xdc dinh cdc sai s6 dong tic 1a doé 1éch so
vGi quy luat chuyén dong theo chuong trinh. Lic ndy phdi khdo sit cac
phuong trinh chuyén déng ctia co cau tay may, dong thdi xem xét cac dic
tinh dong luc cia déng co.

C6 nhiéu phuong phip nghién ciu dong lyc hoc robot, nhung
thuong gap hon la phuong phap déng tinh hoc va phuong phip dung
phuong trinh Lagrange bac 2.

Phuong phép dong tinh hoc Xay dung trén nguyén 1i D'Alembert
cho phép xic dinh céc tuc truyén din dé thuc hién chuyén déng cua ban
kep cang vat kep, déng thei cho phép xdc dinh luc quén tinh trong cic
khop.

Phuong phdp ding phuong trinh Lagrange dé¢ xay dung mo hinh
dong hoc robot ciing 13 phuong phép hiéu qua va thuan tién cho viec xay
dung thuét todn giai trén may tinh, ca d6t véi truomg hop xét t6i tinh dan
hdi ca céc khau.

Du6i day 4p dung phuong phdp ding phuong trinh Lagrange bac
2 dé xay dung mé hinh dong luc hoc ciia robot. Péng thoi véi viec sir
dung mo hinh dong hoc kiéu DH (Denavit - Hartenberg) cé thé nhan
dugc cdc phuong trinh dong luc hoc robot & dang vecto ma tran, rat gon
nhe va thuan tién cho vigc nghién citu giai tich va tinh todn trén may tinh.
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Céc phuong trinh déng luc hoc robot dugce thiét lap dua trén co s6
phuong trinh Lagrange bac 2.

d{ Jl JdL :

- = _*m:FMi! 1=l,2,...,n. (8?1)
dt\ dq; aq; '
Trong dd: L - ham Lagrange L=X-P, (8.2)

K va P - dong nang va thé€ nang cua co hé.

Fyi - doéng luc, hinh thanh trong khdp dong thit t khi
thuc hién chuyén déng.

q, - bién khdp (hoic toa do suy rong).
d, - dao ham bac nhat cia bién khdp theo thoi gian.

Péng thoi khi mo 14 vi trf tuong d6i gita hai hé toa do thir i va
(i-1) ding ma trdn thuin nhat A;, hogc viét dy di hon 12 © 'A,. Ding ma
tran nay ¢6 thé moé 1a vi tri trang Ihdl trong h¢é toa do thit i-1 ctia mot diém
bat ki thudc hé toa do thi i.

Céac bién khcp q, hoac con g01 la toa dé suy rong la bo cédc thong
$0 dich chuyen cua cdc khép dong cua robot. Vi tri trang thdi cua diém
tac dong cudi cua robot hoan toan duge xdc dinh boi bo bién khép g, nay.

Trong trudng hop khép quay thi g; tring véi géc quay 6, ctia khép, con
doi voi khop tinh tién thi g, trung véi d6 tinh tién d, ctia khép.

#.2. VAN TOC VA GIA TOC.

Dé xay dung mo hinh dong luc hoc robot ding phuong trinh
Lagrange bac 2, cdn bi€t van t6c ctia di€ém bat ki trén tay mdy.

Dién M nao dé trong hé toa d¢ i, xdc dinh bing vecto md rong 'r.:
v =%,y 2, D (8.3)

Kf hiéu 'r; ¢6 nghia 13 diém M cho biét trong hé toa do i vi duge
bi€u thi cling trong hé toa 6 i. Con khi ding ki hiéu "r, thi cé nghia la
diém M cho biét trong hé toa do i, nhung dugc biéu thi trong hé toa do x,,
Y Zo, tIC 1 trong hé toa do co ban.

Nhu trude day. ding ma tran "'A, dé mo ta vi trf tuong d6i giita he
toa d6 thit i doi v6i he toa d6 thiri-1 va ma tran "A, dé mé ta quan hé gma
hé toa do thir 1 va hé toa dé ca ban.

Vay quan hé gidia 'r, v "'r; cé thé biéu thi nhu sau:
r ="A,T, (8:4)
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Vi - A ="A A, . TA 8.5
Ma tran "' A, i ¢6 tit biéu thic (4.11)
Co —CuSy SiSe aiceiw
i1 Sai, C.iCa —34Cu a;Sy, \.
A= 8.6)
! 0 S, C, d.’ {e

i wlh I

0 0 0 1

Biéu thic (8.6) 1a viét cho trudng hop khdp quay i, con néu khdp
dong i la khép tinh ti€n thi a; = 0 va tir (8.6) ta co

rCui - C.iSy SuiSu 0
Sei CoiCe =8, Gy 0 _
0 S, C, d &1

3] ¥4} 1

0 0 0 1

i_lAi —

D6i v6i khop quay thi 6, 1 bién khop va d6i v6i khop tinh tién thi
d, 1a bign khop.

Céc phén tir khdc khong clia ma trén A, déu 13 ham cha 0, d,, o,
vaa; (j=1,2, ... 1). Trong d6 o va a, lai 1 nhig thong s6 xdc dinh bang
cdu trdc cu thé cla tay mdy. Do vay cac phan tir ndy la ham cta bién
khdp q; n6i chung (q; = 9, d6i véi khép quay va g; = d, doi v6i khdp tinh
1én).

Vi phan biéu thic (§.4) véi luu § rang vecto 'r, 11 khong doi véi he
toa do thit i vi gid thiét rang cdc khau cua tay may 1 vat ran tuyét doi, ta
co:

”V1 = Vi — i(_“ri)zi(”Ajil'i)=

a0 d
=" AMAL LA ] AMALLTAT
LHTALLTTAT AT

“V‘- :{ia A, qij\ifi (8.8)
=o0g -

Pao ham cba ma tran "' A, doi vdi bien khép g c6 thé dé dang xdc
dinh theo cong thic sau:
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dI—IAi

4 =D,"A, (8.9)
Trong d6 d8i véi khép quay:
0 -1 0 0]
10 00
D, = 0 o 0 (8.10)
0 0 0 0
va d6i véi khop tinh tién:
0 0 0 0
0 0 0 0
D, = 00 0 1 (8.11)
0 0 0 0
Trong truong hop i = 1, 2, ... . nta cé:
8'A. o |
% :6q_(A,AZ...AJ_IAJ...Ai__lAi) (£.12)
J 1

Trong cdc ma tran bén vé phai chi ¢é A, phu thude vao q;, do dé

theo (£.9) ta cé:

oA dA .
'=AALA L LA LA, @.13)
aq; " dyg;
véi D tinh theo (8.10) hoic (8:11).
[¢]
aAFAA SALDACALA, (814
i-1 )
aq

Phuong trinh (§.14) mo6 té sy thay i vi trf cde diém cha khau thii
i gay nén bai su chuyén dich cta khép dong thit j.

Ki hiéu vé& trai cua ('b 14) 12 U va don gidn hod cdch viét (8 14)
nhu sau:
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~ _J"ALDTA, néu j<i
U, =

N (215)
0 néu ji _
Vay cong thiic (7.8) ¢6 thé viét lai 1a:
v, :[;Uijqjj 'r,, (8.16)
i

Tiép theo, tir biéu thikc (7.8) x4c dinh gia t6c:

de i aUA{' e + i i az OAJ' Lo i 6"
a=_—"= g 't @
de |eq, TS0, B G

8.3. PONG NANG TAY MAY. ~

Ki hi¢u K, 1a dong nang cla khau i {i=1, 2. ..., n) va dK, 1a dong
nang cua mot chat diém khéi lugng dm thudc khau i;

1 1
dK, =;(xf +y} + 2] )dm =5T1‘(VI.VI.T)dm (8.18)
Trong d6 Tr 1a vét clla ma tran:

TrA=2a,

Thay vao (7.18) biéu thifc (7.16) d6i véi V. ta cé:

j | ; T
dK; = %TTLZIU.I,QPI‘ILZIU,,QL,I‘,} :|dm =

:l Ex i .1 TyT, =
ATF pz:lguipli ri Uirqpqrjidm (819)

¥ :%Tr zzUip(iridm"r;“)Ulqpqr}

p=le=t

Nhu di néi ¢ rén ma tran U, biéu thi su thay déi vi tri cia cdc
di¢m thuée khau i gdy nén béi sy chuyen dich cha khép dong j. Ma tran
ndy déu nhu nhau ¢ moi diém thudc khau i va khang phu thude vao su
phan bd khoi lwgng trén khiu i, tc 13 khong phu thudc vao dm. Ciling

vity, dao ham cda bién khdp q, theo thoi gian khéng phy thudc viao dm.
Do vay ta<0: .
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K, de.L =%Tr[zZUip(j"rfr{'"dm)Uquq.} (8.20)

p=lr=l

Phdn trong ngoac don [a ma tran quan tinh J, clia khau 1:

J.xfdm Ixiyidm Ixizidm Ixidrn
IXiYidm nydm IYiZidm IYidm
IX-.Z-.dm Iy.‘zidm Iz?dm Izjdm '
i jx.’dm indm Jzidm jdm

J,= ['rirldm= 8.21)

Néu dung Tenso quan tinh I;;

1, = J[Sjj[%xi]—xixj}dm, (8.22)

véi cdc chi s6 1, j, k 1dy 1an lugt bang cdc gia tii X, ¥i Z; dé 1a cac truc
ciia hé toa do 1, va §; 12 ki hieu Cronecke, thi ma tran J, ¢6 thé biu thi &
dang sau:

L+, 1, I : B
9 XY ¥ mx;
T Ixx _Iyy +I'N. Iy =
—_— Xy - - F m},l
k= : 2 (8.23)
1 I I.‘(X+I\-'\"__I£..(. —
- . _— 1
= ¥e 2 Nz,
L mE my; - mz m |

O day 'T, =(X,.7,.Z, 1’ - ban kinh vecto biéu dién tr(jng ram
cha khau thi i trong hé toa dg 1. Cong thikc (8.23) viét thanh:

_kizll+ki222+ 133 2 2 )—J

2 kﬁ: kﬁs
2 k‘.z||_ki222+ki233 2 =
J =m Kiz 5 1 k:r) 2 Y 824
2 2 1T KK =
Kis K Lhaties Kz" S
L XI S/'I 2i 1 J
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G day Ky = Ly/m, vaj=1,2,3k=12,3

‘T, =(X,.¥,,2, 1)’ - ban kinh vécto bi€u dién trong tam cila khau
thit i trong hé toa do 1. '

Vay, dong niang cia toan cd cdu tay mdy bang tong dai s6 dong
nang cua cac khau dong:

K = ZIK - lzéTr[glgUiinUquqr} -

w1 i ) {825)
= l") Z Z Z[rl—“r(l'jlp‘lll"l;ll )qpqu

==l p=lr=I
Luu ¥ ring. cdc ma tran J, (i = 1. 2. ... n) chi phu thudc vao su
phan bo khoi lugng cta khau i trong hé toa do i ma khong phu thuge VAo
vi trf va van téc. Vi th€ cdn tinh ma trdn J; chi mot lan.

$.4. THE NANG TAY MAY.

Thé nang P, cia khau 1.
P.=-mg'r=-mg("A ') (8.26)
i=1,2,...n
Trong do

'r, va °r, - ban kinh vecto biéu diép trong tam cta khén i
* trong hé toa do co ban.
g - veclg gia 10c trong truong, g = (0, 0, -g, 0) (gia toc
trong trudng g = 9,8062 m/s’).

Thé nang ciia toan ¢ cau n khiau dong:

P=

I

P =__Z_]m;'g(n Aij.')' {8.27)

%.5. MO HINH PONG LUC HOC TAY MAY.
Dé xay dung mo hinh dong luc hoc tay mdy diing phuong trinh
Lagrange bac 2 (phuong trinh 8.1):
d oL oL

—(—=)——=Fy . 1=12,..n
dt 8 aq,
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Phuong trinh trén cho biéu thitc tinh dong luc F,,. D6 1a luc hoac
moémen tao nén boi nguodn dong luc & khdp dong i dé thuc hién chuyén
déng cua khau 1.

Thay (8.25), (8.27) vio (8.1), cudi cling ta c6:

Fh.]izik'i_]Tl.(UlkJ UTk, +3 3 $THU, T U M, _zm oU,E

ILFr e ]

o1 k=l m=l (828) ’
i_= 12...n
Biéu thic (8.28) ¢4 the vigt gon lai nhy sauw:
\/1| = Z leqk + Z Z_ hlkmqkqm +C (829}
hoac la dudi dang ma tran:

Fy = D(q).4 + h(q,q) +c(q) ol 30)

Trong d6:
) - vecto (nx1) luc dong, tao nén ¢ n khép dong:

FI\-‘I([):[F]\-n(t)ssz(t)s---FMn (U]T . (8,31)
g(y) - vecta (nx 1) bi€n khop:

q(t) =[q,(1),q,(1),...q, (1)]" (8.32)
g (1) - vecto (nx1) t6c dé thay d6i bieén khép:

q(t) =[q,(1),4,(),..q, (O (8.33)
g (t) - vecto (nx1) gia toc bién khdp: _

4t = [, (0,4, (0,....d, (O] (3.34)
DXq) - ma tran (nxn), ¢é cic phéin tr D, sau day:
D,= % Te(U,J.UD) |, k=12, (8.35)

J=maxti k)
h(q. ¢ ) - vecta (nx 1) luc ty tam va Coriolit

Ma,§)="{(h,hy,..h)
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h' = z hikakqm. l = 1’2"""n

hyw= % Tr(U,,JUD) iLkm=12..n

J=masii ko) .

c{q) - vecto (nx1) lyc trong truong.
c(q) = (¢,,Cqpmnnc, )]

¢ = Z(‘migUJ‘iJl—])
=i

(8.36)

(8.37)

(%.38)

8.6 CAC PHUONG TRINH PONG LUC HOC CO CAU TAY

MAY TOAN KHGP QUAY.

| Trong phdn nay tién hanh cu thé hoa cdc biéu thic tir (8.30) dén
(8.38) cho trudng hop co cdu tay miy 6 bac ty do loan khép quay. O day

cdc bién khép q; déu bing 0., _
Ma tran D{8) - xuat phat tix (8.35), ta cé:

LDII DIZ D13 DH DIS le_‘
D?Z D33 DIJ Dl‘l DJS DE(‘}
D(O) —= DI3 D33 D33 D34 D)S D36
DI-! D24 D34 Ddd D4i D-‘iﬁ
DIS DZS D35 de DSS D56
_D16 D!b D3b D4b DSG Dﬁﬁ_

(8.39)

Dy, =Tr(U, J, U+ Tr(U, J,U)+Tr(U,, J, U7 )+ Tr(U, J U )+

+ Tl'(U5| JSU; )+ TI'(UMJ()UL )

Dy, =D, :Tr(UzszUzl‘:)'*‘Tr(U;zJ:.UL )+Tr(U42J4UL )+

+Tl‘(U53J5UE| )+Tf(Uc,zJuUZI )

D, =D, =Tr(U,J,U;)+Tr(U U} )+ Tr(U,,J, Ul )+

+Te(U,J U,

D, =D, =Tr(U,J,U; )+Tr(Us4JsU.5r| )+ Tr(Ug J Ug))

D, =D, =Tr(U,J,U; )+TF(U?5JGUI, )
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D,=D, = Tr(U,J U

D,, = Te(U,,J UL) + Tr(UJ, U3 ) + Ti(U,.J,UT) + Tr( U ;U5 +
+Tr(U,.J, U

D.=D,= Tr(UJ. U + Tr(U,J,UL) + (U, J UL +
= TrULI UL

D., =D, =T, LU+ Tr(U,, J UL + Tr(U,,J U,

D,, = Dy, = Tr(UyJ Usy) + Tr(U,d U

D,, = D,» = Tr(U,J Ugy)

D., = Tr(U,,J,U3) + Tr(U,.J U+ Te(U I Us) + Tr(U,.J Us)

D,, = D,, = Tr(U,,J.Uj)+ Tr(U L J, UL + Te(U,, 3 UL

D, = Dy, = Tr(UJ5Us0) +Tr(U, . J Uiy

D,, = Dy, = Tr(U,d Ue)

D, = Tr(U, J,UL) + TeUo JiU5) + Tr(UJ Ue)

D,, = Dy, = Tr(UgJUs) +Tr(U,d Ugy)

D,, = Dy, = Tr(UJUg)

Dy = Tr(U,,J,UL) +Tr(U,J Uss)

D,, = Dgs = Tr(UgJoUss)

D, = Tr(U,J,Ug).

Vecto h(6,8) - Cic hé s6 i, trong cdc biéu thifc (3.36) va (& 37,
c6 thé sip x&p thanh ma tran H;, sau day: '

_hm hy;, by by hys hilﬁ-|
hy, hi h,; hie B ho
H = hy; Dy hi;, by hiss i36 i=12...6 '
" by hpe hiae R his hig (*.40)
h'ns hi:’.S hi35 hi45 hm i36
_hilb hio hise hie Mhise 166 |

Tuong tu (8.33), ta viét:

T .
d(t) = [6(1),8,(1...0, 1] . (541
Diing (8.40) va (5.41), c6 thé bidu thi (8.36) & dang ma tram:
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h,=6'H.6 1= 1.2,...,6 (8.42)

Nhu vay vecto h((8,6) duoe biu thi 6 dang saw:

h [67H,0

h, 6"H,.0

h(@ by by 6"H,. 0
’ h, OTH 4.\_9 (5.43)

b 0"H, 0

| b, LGTHGI\.GJ

Vecto c(f)) trén co s (R.38), ta cO:
c:(@):(c,,(;2,(:3,(:4,(:5,<:6)T (%.44)
¢, = -(mlgUll 1?1 + ngUi IT‘Z + m}gUi 1?3 + m4ng 1?4 + mSgU;’ lf's +
+ m(]gUZ If‘6)
c, = ‘(ngUizfz + ngUizfs + m4gl_1:2?4 + mng‘; Tt mﬁgU(;Efﬁ)
c = -(mngi}?3 +m4gl]i3f4 + mSgU‘?_3 3?‘5 + mbgUZ 3?‘6) (%.43)
c, = ~mglil+ mgUL g +mglin)

&= ——(migU';f's + mégUobifﬁ)

Ce = _'mﬁgU:ofﬁ'

Céc hé 56 Dy, I, va ¢ rong cc bidu thitc (8.35) = (5.38) 1a ham
cua bign khop va cha cdc thong s6 dong luc hoc co cau tay indy, cho nén
goi ching la cdc he 56 dong lyc cua tay may. ¢ nghia vat 1y cua cic hé s0
(ay c6 thé dién giai nhu sau:

1) Céc heé s0 ¢, xdc dinh tur (§7.38) bi€u thi trong lyc tac dung lén’
timg khau cta co cAu lay may.

2) Céc hé s6 Dy, xdc dinb it (8.35). biu thi cac quan hé gifta dong
e véi chc gia toc bién khdp. Trong trudng hop i=k, hé +6 D, bicu thi
quan he gilta luc dong F, tao nén o khép i vl gia t0¢ bi¢n khop i. Con
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khi i=k, thi hé s6 D, biéu thi quan h¢ giita luc dong F,, tao nén & khdp i
vdi gia toc bién khdp k.

B&i vi ma tran quén tinh 12 d6i xting va Tr(A) = Tr(A"), cho nén
Dy, =Dy : .

3) Cic hé s6 h,,, xdc dinh tr (8,36) va (8.37), biéu thi cac quan hé
gilfa luc dong véi toc do thay ddi gia tri bién khdp. Ngoai ra heé s hy,
con bidu thi quan hé gifta lyc dong, tao nén ¢ khdp i, véi toc 4o thay déi
bién khopk va m.

Khi tinh todn cdc hé s6 nay nén luu ¥ ring & nhimg trudng hop
sau day sé cé cac hé s bang O '

1) Trong mot s§ so dé co cdu cu thé cha tay mdy c6 thé loai trx

céc anh hudng 1in nhau cia lyc dong gitta cic khép (cac hé s6 Dy, hy,)-

2) Mot s6 gid tri clia cdc hé s6 hy,, tuy c6 mat danh nghia trong
céc biéu thifc (8.36) va (8.37), nhung thuc t€ 1a bing 0. Vi dy, he s hy;
luén ludn bing 0, bdi vi luc Ly thm tao ra do su chuyén dich cia khdp i thi
khong 4nh hudng tryc ti€p dén lyc trong khdp 1 nita.

3) Mot 6 hé s6 dong luc cha tay mdy, & mot vai thoi diém nao d6
c6 khi thay déi cdu hinh tay mdy, c6 thé 1dy bang 0.

Céc phuong trinh dong luci(8.30) Ia nhiing phuong trinh vi phan
phi tuyén bac hai. Cic phuong trinh trén ¢6 thé van dung dé giai quyet”
cac nhiém vu sau day:

Khi biét luc dong Fy, & timg khép va ting thdi dién, trén co sG cac
phuong trinh dong lyc néi vé nguyeén tac c6 thé tim ra quy luat thay déi
cdc gid tri bién khdp g(t) theo thoi gian. Roi ti€p theo dé, tir bo gid tri q(t)
s& xdc dinh duoc quy luat thay ddi theo thi gian cla vi tri ban kep tic 1a
x4c dinh dugc quy dao chuyén dong ciia ban kep.

Ngurge lai, néu cho bigt chuong trinh chuyén dong, tic 1a cho biét
q(t) va céc dao ham bac nhit, bac 2 theo thdi gian cuia q(t), trén co sG céc
phuong trinh dong luc néi trén ¢6 the xdc dinh Fy, tic dong 1én titng khép
dong & cac thoi diém khdc nhau.

Tir phuong trinh dong luc (8.30) c6 thé xay dung phuong trinh
trang thdi diéu khién hé thong robot c6 cac lién hé phan héi. Trén co s&
d6 c6 thé chon lua cac quy luat diéu khién thudng gap sao cho giam thiéu
c4c anh hudng phi tuyén tic dong lén nhau cla céc nguon dong luc trong
cac khép dong.
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8.7. PONG LUC HOC CUA CO CAU TAY MAY 2 KHAU.

Trong phan nay din ra vi du minh hoa viec xay dyng mo hinh
dong luc hoc cha co cdu tay may 2 khau toan khdp quay (hinh &.1).

Nhu di chi trén hinh 8.1 cdc truc Z; déu trang phuong v cic truc |

quay khdp dong. Khoi luong cha cac khau tuong tng [a m,, m,; BO thong
s6 DH ctia tay may ghi trong bang sau:
i ! |
Khau | 9. l a, a d, Khép |
T
1 N 0 1 0 R l
2 \ 8’ 0 I 0 R |

03

Hinh 8-1. Co cdu tay mdy 2 khéu

Cic ma tran "'A, (1= 1, 2) s¢ la:

C! Sl
(‘Al: Sl Cl
0 0
0 0
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0
1
0

Cz —Sz
NI
0 0
0 0

Xz

Z3

—
_— D



_Caz _SI2
S, Cp
[]A2:(IA|LIA2: 0
0 0

0
0
1
0

Van nhu trudc diy dung cdc ki hiéu sau:
C=cos8,; S§=sin8;; C;=cos(0,+0); §;=sin(6; + 6).

Theo (N¥.15), ta co:

0 -1
o°A 1 0
U,= I:DlUA1=
0, 0 0
0 0
s,
=1 C,
0
| 0

o T v T e S

!
===/ W

Tuong w, d6i véi U,, va U,

0 -1
o°A 1 0
%2=DfAf=0
1 0
0 0
“Slz
1 o
0

0

0
0

" (C, +C,)]
IS, +S,)

o = DO

0
0
1
0

-1(S,, +§,)
0 +I(C, +C))

0
0

IC, |
IS,
0

KC, +C))]
I(S,, +S,)
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C -§ 01G 0-100 q-sz()lq
d 3(;0131004:)32(;0152
=T ADA,
®, 0 010 00 00/l0 0 10
| 0 0 0 1 00000 0 00
n 'Clzo_'su
__C12 Slzolcu
0 0 0 0
0 0 0 0

Theo {‘5_-_%-.23) va gia thiét ca cac thanh phdn momen ly tam quan
tinh déu bang 0, ta c&:

1/3m1* 0 0 ~1/2ml - T1/3my* 0 0 —1/2m)l
0 0 0
J - 00 O J, - 0 0
o 00 O o 00 O
Yl 00 m “V/omdl C O m

Trén co s (8.35), ta b

Dy =‘T2(U11J1U'1r1)+T2(U21J2U§l):

~s, -C, 0 -13, 1/3m)* 0 0 -1/2m}
c, S 0 IC
I 1 o 00 0 iyl
o 0 0 O 0 00 0
o o0 0 0 |l-1/2m} 0 O m
S -Gy, 0 1S, +C))
+T, Cp -8, 0 G, +Cy)
0 0 0 0
0 0 0 0

1/3m,l* 0 0 -1/2m,l
0 0 0 0
X U3, :1/3m112+4/3m212+m2C212
0 0 0 0 |

~1/2m,1 0 0 m,
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D, =D, :Tr(UngUL) =

=32 -Cyp 0 -15;, 1/31“112 0 0 —1/2m,l
C, 5 0 1C, 0 0 0 0
=Tl Y ul,
0 0 0 0 0 0 0 0
it 0 0 0 ~1/2m,1 O 0 m,

:mzlz(—1/6+1/2+1/2C2)=1/3m212 +1/2m,1’

D, =Tr(UyJ,U zz) =

-S, —C, 0 -15; 1/3m,I° 0 0 -1/2m,l
c, -S, 0 IC, 0 0

=Tr '’ ' " v 0 ng
0 0 0 0 0 0 0 0
0 o 0 0 ~1/2m,t 0 0  my

~1/3m,1’S}, +1/3m, 1°C, —Uaml

Tinh cac s0 hang trong biéu thic (8 36) doi vai i = 1. 1a co:

22
Z nzhlkmgkem = 1’11”9,62 +hl21619 +h12292 +h12265

vii theo (8.37) tinh céc hé 56 ., réi thay vao phuong trinh trén, (a dugc:
h, =—1/2m,S,1°6; ~m,S,1°8,6,.

Tuong tu d6i véi i =2

h, =2 Z h, 0.0, =hy,8 +h,,0,6, +hy,0.6, +h,,00 =

k=1 m=l
:l/2m3531 91.
Nhu vay:
s, 0z -ms,1'6;
GCICIE I
L Emgszl*ﬁf

Trén co s& (8.38), 1 ¢o:



¢, =—(m gU:ifl +m gUiifz) =

0 -1, [-1/2
(O, 00)[ c, -8 0 I 0 |
0 0 0 0
0 0 0 1

a0 HC,+C) 0
Q0 0 0
0 0 !
m,glC,, +m,glC,:

0
0

=S, -C, 0 -IS,+S)] [-1/2
—m,(0,~g,0, o o 7O
: 0
0

0
| 0
=1/2mglC, +1/2m

C, =_ngU§1'_'z =
-S,, C, ¢ -IS, -1/2
' C -5 0 IC
= -m 0‘_ ,0,0 13 12 12
(0-20.0) 0 0 0 0 0
0 0 0 0 l
=-m,(1/2glC,, —glC,,).

Vay vecto luc trong trudng s& 1a:

1

' 1
Te, —mlg]C]+lm2glC,2+m:glC,
c(G)—L } 2 2
2 —m,glC
2 > 12

Cuéi cling ta cé phuong trinh dong luc hoc cha co cau tay mdy 2
khau & dang sau:

F,, (1) = D(®)(O)() + h(8,8) + c()
FFWJ [1/Jm1 +4/3m,I +m,C,1° l/3m213+1/2m311C2} (é]}
LFW 1/3m,1* +1/2m,I’C, 1/3m,1?
{—1/2m282129§ wmzsglze,eg}+
| 1/2m,S,1°8;
+_"---1/2m2g1c|—1/2m2gicu+m3glct]
1_ 1/2m,glC,, .

..+_



CHUONG IX
PIEU KHIEN ROBOT

9.1. KHAI NIEM CHUNG VE HE PIEU KHIEN TU DONG

Heé théng diéu khién tu dong 1a hé théng duge xay dung tir 3 bo
phan chii yéu sau:

- Thiét bi diéu khién C (controller).
- Do tuong diéu khién O (object).
- Thiét bi do ludng M (measuring device).

Pé 12 mot hé théng 6 phan hoi (feedback) hay ¢é lién hé ngugc.
So d6 kh6i don gian nhat vé hé thong diéu khién wr dong cho trén
hinh ¢.1.

U E X
— e SO)—> ¢ —® 0 > Y
7z, -
M

Hinh 91 So dé dan gidn hé thdng diéu khién tu déng
Céc tin hiéu tic dong trong hé théng:
U - tin hiéu vao (input).
Y - tin hiéu ra (output).
X - tin hiéu diéu khién tac dong lén déi tugng O.
E - sai léch diéu khién.

7 - tin hiéu phan héi (phan héi am k¥ hieu bing dau (-) khi Z
ngugc dau véi tin hiéu U).

Thong thudng ¢6 3 nguyen tic diéu khién co ban:
- Nguyeén tic diéu khién theo do sai lech.
- Nguyén tic diéu khién theo phuong phép bu nhiéu.



- Nguyén tac diéu khién hén hop theo d6 sai 1éch va b nhiéu.

Trén hinh 9.2 v& s d6 hé thang diéu khién theo nguyén tac hén
hop. Tin hiéu Y(t) I tin hiéu ra, f(t) 1a nhiéu téc dong vao doi tiong diéu
khién.

M

Hinh 9.2. So d8 hé théng diéu khién hén hop

Nhiéu f(1) t4c dong lén d6i tuong diéu khién, vi du, theo chiéu
hudng 1am tang tin hiéu ra Y(t). Trong hé ¢6 dua vao mot thi€t bi bu K ¢6
tdc dung nguoc ddu vdéi f, nghia la V tic dung b vé phia trudc thiét bi
diéu khién C d€ lam tin hiéu E giam bét. Néu f tdc dung lén déi tugng
diéu khién O dé 1am giam tin hiéu ra Y(t) thi thiét bi bi K lai tao ra tin
hiéu bt V lam tang E d€ lam ting Y.

Hé thong diéu khién theo nguyén tic hén hgp duge ding rong réi
trong thuc té.

Ngoai cdc nguyén tac diéu khién co bdn néi trén ngudi ta codn ing
dung cdc nguyén tic khic nhu:

- Nguyén tic diéu khién theo chuong trinh.
_ Nguyen tic diéu khién thich nghi.

Ngay nay do su phat tri€n nhanh chéng cta k§ thuat vi x{t 1y va vi tinh
ngudi ta di tong hop ra cdc hé diéu khién rat phitc tap, trong d6 thiét b
diéu khién (controller) chinh 1a mét may vi tinh ¢6 thém céc thiét bi ghép
phot A/D (Analogue — Digital) va D/A (Digital — Analogue). Cac thuat
todn diéu khién dugc tinh todn theo céc phuong phép t61 uu va thich nghi.
Déng thoi trong nhimg nam gan day dd xuat hién nhiéu cong cu phan
mém lam xic tién manh mé viéc nghién ctu phat trién cic hé thong diéu
khién ty déng. Trong dé cin ké dén MATLAB, d6 1a mot cong cu phén
mém cua MathWurks. Matlab duoc sir dung trong nhiéu linh vuc giang
day. nghién ctru, thi€t k& va trién khai cdc hé théng diéu khién, tir he
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thdng diéu khién don gian dén cic he théng diéu khién téng hop phiic
tap. Matlab con c6 cdc bo chuong trinh chuyén dung (goi 1a tools box)
phong phu, trong d6 c6 moét s6 chuong trinh chuyén dung cho diéu khién
ty dong.

C6 nhiéu cdch phan loai cdc hé théng diéu khién tr dong. Thudng
6 cac he thong diéu khién sau:

1YHe thdng tuyén tinh.
2) H¢ théng phi tuyén tinh.

3) He thong lién tyc: khi cdc tin hiéu téc dong trong hé 1a ham
lién tuc theo thoi gian.

4) He thong r3i rac: trong d6 chi cdn c6 moét tin hiéu 12 ham roi
rac theo thoi gian.

5} H¢ thong tién dinh 12 hé théng trong dé tit cd cac tin hiéu
truyen 14 ham theo thei gian xdc dinh (khéng c6 tin hieu nigdu nhién).

6) He thong ngau nhién 12 hé théng trong d6 chi cin 6 | tin hi¢u
la ham ngau nhién.

7) He théng 161 uu 1a he théng diéu khién trong d6 thiét bi diéu
khi€n ¢6 chic nang éng hop duce mét tin higu didu khién U(t) tac dong
lén doi tuong dic¢u khién dé dat mot trang thai t6 wu theo mét chi tiéu ndo
dé.

8) He thdng thich nghi hay con goi 1a hé théng w chinh la hé
thong c6 kha nang mot cdch tu dong thich tng véi nhilng bién ddi cia
di€u kién méi trudng va dac tinh chia d6i tuong diéu khién bang cdch thay
doi tham s6 va cau tric so dé cta thiét bi diéu khién.

Céc h¢ théng duge phan loai trén day ¢6 thé lai ¢6 nhiéu méi lién
quan v6i nhau. Vi dy, trong hé ngu nhién ¢6 thé Ia tuyén tinh hodc phi
tuyén; trong hé tuyén tinh lai c6 thé 1a hé lién tuc hodc roi rac v.v... Do
vay c6 the néi viec phan loai hé théng diéu khién tu déng hoan toan phu
thugc vao muc dich phan loai. -

Trong ki thuat ngudi may ngudi ta ciing phan hé diéu khién ra:

- Diéu khién chuong trinh: viéc diéu khién duoc thuc hién theo
mot chuong trinh dinh sin.

- Dicu khién thich nghi: viéc diéu khién ty thuoc vao thong tin
nhin bi€t dugc trong qud trinh 1am viéc vé hién trang cda mot trudng
thao tic va clia ban than ngudi mdy. '
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Hé diéu khién thich nghi khi duge phat trién & mitc do cao, thuc
hién dugc mot s6 chifc nang cia trf 6¢ con ngudi, thi ¢6 thé goi la ngudi
may c¢é hé diéu khién tinh khon.

Tuy theo kha nang thyc hién cdc chuyén dong clua ngudi may ma
chia thanh cdc thiét bi diéu khién sau day:

- Diéu khién theo chu tuyén: chuyén dong duge thuc hién theo
mot duong lién tuc.

- Diéu khién theo vi tri: chuyén dong dugc ddm bao qua mot s6 vi
tri nhit dinh.

- Diéu khién theo chu k¥: chuyén dong duge xéc dinh bang cdc vi
tri dau va cudi hanh trinh cia méi bac tu do.

9.2. PHEP BIEN POI LAPLACE.

Dé dé hinh dung phép bién déi Laplace so sanh nd vdi phép bién
d6i Logarit quen biét. Néu phép bién déi Logarit di lam don gian hod
nhiéu phép tinh dai s6 (vi du, phép luy thira bac 1€ v.v...) thi phép bién ddi
Laplace cling ¢6 thé lam don gidn hod cdc cdch giai phuong trinh vi phan.
Phép bién dé6i Laplace 1a cong cu, 1a co s ciia mot phuong phdp gidi
phuong trinh vi phan tuyén tinh hé 56 ¢6 dinh dé xét cdc dac tinh 6n dinh
va qua do. Phép bién déi Laplace chuyén phuong trinh vi phan tuyén tinh
thanh phuong trinh dai 6. Sau dé, cdc nghiém cia phuong trinh dai s6
ndy s& dugc bién déi nguoc dé cho cdc nghiém cla phuong trinh vi phan
da cho.

Phuong trinh chia cdc dao ham theo thdi gian t, duge bign d6:
thanh phuong trinh dai s6, trong d6é xudt hién bién s6 mdi, bién s6
Laplace s. Bién s6 s 1a bién s6 doc 1ap thay cho thdi gian t, tic [a dd
chuyén tir [inh vyc thoi gian sang Iinh vuc Laplace. Bién s6 s 1a bién s6
phiic (s = o + jeo véi o v @ 1a 6 thuc, j = V-1).

Nhu viy phép bién déi Laplace dua trén co s0 thay thé cdc ham
bi€n thuc (thudng I thdi gian) bang moét s6 quan hé phu thudc 1an s6.
Phuong phdp nay thudng ding tm co sd phan tich va thiét k&€ cic hé
thong diéu khién tr dong.

Bi¢n doi Laplace thuén 1a két qua cia mot thuat todn chuyén doi
déi v6i ham thoi gian (1) dé cho ta hAm F(s) vét bién s& phic s.

Got F(s) 1a bién déi Laplace ctia f(t) khi:
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T
F(s) = LIF(D] = lim fredt =
-] E
0 9.1
= [f(tye ™ de
4]

Vo 0<e<T

Ham f(t) phan 12 him thuc v lién tuc sudt thoi gian khao sit tr 07
dén +oo.

Vi du: ham e* 12 ham c6 thé bién doi Laplace duge vi.:

< o0

I| e—[ ‘C-Gﬂldt — Ie—(l-i—cﬂ)ldt —

o 0’

_ 1 e—(l‘f'o'n)t :)+ — 1 < +o:)
-(I-0o, 1+ o,

Néu 1 + ¢ > 0 hoac o, >-1

Bi¢n doi Laplace clia ham e la:

iy . —1 1
L e—.f - e—re—:.fdt — e—(s+])f acP —
le”] 0:[ s +1 0 s+1

9.2.1. Céc cap bién doi Laplace (thuan nghich) thuong gap

T (1) Fis)

T

1 | Flam xung don vi 1

2 | Hiam bic thang don vi l
5

3 T L

2

s
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TT f1) F{s}
n!
4 " L+l
1
5 e™
s+a
| tn—] e—al 1
6 : n
i (n—1) (s+a)
n- 0 nguyén duong
1
7 (1-€*) —
S(s+a)
1 I
g —(at-1+e-at) -
a’ s*(s+a)
( -l -hl) 1
9 e -¢e ——
b-a (s+a)s+b)
! [L+1/a,b(be™ -a,e™)] 1
10 - a, WL -d, —~ N
ab s(s +a)s+b)
1 . " S
1l (be™ -ae™) v
b-a (s+aXs+b)
w
12 sin ot r E
S+
S
13 COs ot 2 E
ST+
it
14 e™ sin ot 3 P
(s+a) +o
N s+a
{5 e™ cos wl TN s
(s+a) +o
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19.2.2.Cac tinh chat cta phép bién doi Laplace:

I. Tinh chat tuyén tinh:
L [a f{t)] = a. F(3)
L' [b E(s)] =b. f(1)

Trong d6 L' - phép bién déi Laplace nghich.

(9.2)
-(9.3)



2. Tinh chat x&€p chéng:

LIfMLLWMOI=F, (s)xF,(s) ' (9:4)
L' [F(s) £ Fy(s) = f,(t) £ £,(t) . - (9.5)
Két hgp ca 2 tinh chét trén (1. va 2.) ta ¢é:
L [a,f,(1) + a,f,()] = a,F/(s) £ a,F,(s) : (96)
L [b,F () £ b,F,(s)] = b f,(t) £ b,f,(t) @.7)
3. Vi phan:
-Paohamcap 1
df (1) ) .
Gid tri (0") 1a gid tri f(t) tai thoi gian dau.
- Dao ham cap 2 -
] df(0")
L =sF(s)— 9
[ i } (9.9)
Gyoy oo
T la gid tri cua dao ham cép 1 tai thoi diém dau.
4. Tich phan:
-
. B 0jf(o )dt
; S $ 2

9:3. HAM TRUYEN VA SO PO CAU TRUC HE PIEU
KHIEN

9 3.1 Dinh nghia.

Ham truyén ciia hé thong 1a ty s6 giita tin hléu ra véi tin hiéu vao

cia h¢ thong d6 bi€u dién theo bién s& Laplace khi cic diéu kién dau
bang khong.
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Ham truyén duge ky hiéu 1a W(s)

Y{(s) o
Ws)= (9.11)
X(s) |
v6i  Y(s) - anh Laplace cha tin hi¢u ra.
X(s) - Anh Laplace clia tin hiéu vao.
s - bien s6 Laplace (s= 0 +j®, voiova ® Ja cdc so thug, j= J—l

Neéu x(1); y(t) 1a tin hiéu véo va tin hiéu ra cua he thong trong linh
vuc thoi gian t, thi dé xic dinh ham truyén W(s) can tim anh ctia x(1); y(t)
irong linh vuc Laplace bang cach dung phép bién d6i Laplace.

peé xic dinh ham truycn cia mot hé thong nao do ngudi ta thudng
Xudt phat wr phucng trinh vi phan mo ta hé thong d6, roi dung phép bi¢n
déi Laplace dé tim ham truyén.

Trong trudng hop tdng quat hé théng duoc mo t& bang phuong
trinh vi phéan sau:

d"y d"'y d™x d™'x
a +a,_ +..4a,y=b_ —=+b  — 5. +byX
ndr T de 07 =P g g X (912)
hoac
d y m o d'x
—~=>b — 9
2 3 Z;;, e (9.13)
Dung phép bién déi Laplace cta dao ham cép n.
A1) | o et d™'f(0")
= S"'F(5)-S" {07 )— ©
L dtn ] dtn—l (914)

Sau khi bién déi Laplace phuong trinh vi phéan trén khi cic diéu
kién d4u bang khong, ta c6: '

st
W()—X@-"" m<n

X(s) Zas

ﬁ91 5)
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uic la:

m .m—1
b_s™ +b__ " 4+ +b,

- 9,
as"+b_ 8" 444, ©.16)

W(s) =
Khi W(s) c6 dang tich sd cac phan thitc bac nhat s & miu sd:

L Y(s) |
W(S):l,:][S—S:. = XGs) (9.17)

thi so d6 trang théi biéu dién ham truyén (9.17) vé trén hinh 9.3

& P | X )
— > > . —» > Y
S_SL S'Sz 5-S

n

Hinh 9.3. So d6 trang thdi ting vGi bidu thitc (9.17)
Khi him truyén c6 thé khai trién thanh téng cic phan thic don

gian:
nCY(s)
W = i — .
(s) ;S*Sj X(s) &.18)
Hay:
4 X{(s
Z ¢ f) =Y(s) (9.19)
i=| . i
X(s) _
Dat: X (8)= s (9.20)
thi: Y(s) =Y .CX/(s) 921)
i=|

Theo d6 cé so dé trang thdi trén hinh 8.4. Tréndé X, (i=1,2 ..n)
la cdc bién trang thdi, con Y, (i= 1,2, ... n}lacdc bi€n ra.
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7

7 X7 c
5-5; !
|
/ Xz Cs
r 5-5
7 Xn Cn
5-5;

Ny

BN

Hinh 9.4. So d6 trang thdi itng voi bigu thic (9.21)

" 9.3.2 Phuong phap bién déi so dé ciu tric

1) N6i 1iép cdc khéi:

Cé n khéi n6i tiép nhau tuong tdng v6i cac ham truyén
W,, W, ... W, thi ham truyén tuong duong s€ bang tich ciia n ham truyén

thanh phan.

Hinh 9.5. Néi tiép cdc khoi
That vay, tir hinh 9.5 ta cé:

.
X
W, =—)~(—2-
7 X]
w oY
Xn—1
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R rang ta c6 ngay:

n v
WW,.W, =][w tw (9.22)
i=1 -
2) Néi song song cdc khéi.

C6 n khi song song thi ham truyén tuong duong s& bing tdng céc
ham truyén thanh phén. :

- W,
X !
: |4
X w, . W
X
r Wy

 Hinh 9.6. N&i song song
Thét vay, tir hinh 9.6 ta c6:

Y=WX W
Y, =WX : va Y=Y +Y+.+Y,
Y+Y+. 4+ =(W+W+.+W)

——

..........

Y < o
© vay: W=§=W, +W, + + W, =DW, (923

=]
3) Hai khéi néi ngugc chiéu (phdn.héi)
Xét he théng c6 lién hé phan héti, trén hinh 9.7 ghi déu trir (-)
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. € =X-Z
’ Y=We
Z=W,Y
Hinh 9.7. Hai khéi néi nguoc chidu
Giai ra ta ¢o:
Y W,
- E - m_z (9.24)
Néu hé théng ¢6 phan héi duong thi
€ = X + Z
— W .
va: W=o= w (5.25)

4) Chuyén tin hiéu vao tr trifde ra sait mor khoi

Diéu kién bién déi cau tric 12 tin hi¢u truyén khong bi€n doi. Trén
hinh 9.8 phai ¢6 X, Z va Y khong déi.

o 8

Hinh 9.8. Chuyén tin hidu vao tit trudc ra sau
Tir hinh 8.8a ta ¢6:
Y=(X+Z)W=WX+WZ
Tix hinh 8.8b ta cé:
Y=Y, +Y,=WX+WZ

R& rang tin hiéu Z chuyén tir trude ra sau mot khdi, tin hiéu dé
phai di qua mot khéi méi, ding bang khéi do.
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5) Chuyén tin hiéu vao tir san ra rice mat khoi.

X W ¥ X W ¥
- .

W el

Hinh 9.9. Chuyén tin hiéu vao tr sau ra trudc

6) Chuyén tin fuéu ra ne sau ra truce mot khoi

X Y, Ly fw i o

Hinh 9.10. Chuyén tin hiéu ra ti sau ra trude

7} Cluryén tin hiéu ra v triiée ra san mot khoi

X Y Y
T W i X » W
X
X
- W

Hinh 9.11. Chuyén tin hiéu ra k¢ trude ra sau

8) Hodn vi 2 tin hiéu vao (hodc 2 tin hidu ra) voi nhaw thi so do
khiéng thay doi

Hinh 9.12. Hodn vi 2 tin hiéu
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Vidu:
Xét hé thong c6 sO 46 cdu tric nhy hinh 9.13.
46 c#u tric hinh 9,13, phai dich chuyén tin hiéu ra gilta
trudic kh6i W, (hinh 9.14):
Hai tin hiu ra tt A v
vong W, - W, - W co thé thay wrong duong

Muén don gian s
2 khoi W, - W,ra

3 B c6 thé hoan vi cho nhau khi d6 mach
bing W,, (phan hoi duong):

W,

9.26
1— W, W, W, (9.20)
Do d6 ta c6 so do ciu trdc méi trén hinh 8.15.

Tit so a6 hinhf8.15 mach vong W, - W, - W, (phan
thay tuong duong bing W

wn =

héi am) c6 the

W, W
i 11 . (927)

wtz =
1 + wlwliWS

Do d6 c6 so d6 cau tric méi trén hinh 9.16.
Cudi cing c6 thé tinh duoc ham truyén cha ca hé thong la:
wt 2 W 3 w 4

W = ey
[+ W,W,W, 9.28)

W5

Wy

Hinh 9.18. Vi du so d6 cdu triic
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|

Hinh 9.14. Chuyén tin higu ra & A sang A

Wy Wy, wy = W -

Ws

Hinh 9.15. Thay W, - W, - W, tuong duong blng W,

X
Wez W ¥ -

Hinh 9.16. Thay WJ - W” - W3 tudng fmg b&ng Wtz

9.4. HAM TRUYEN TAN SO VA PAC TINH TAN SO.

Trong ly thuyet diéu khién tr dong ngudi ta con st dung rﬁng 11
ham truyén tan s6 (hay la ham Iruyen phic). Ham lruyén tdn s6 1a ty sO
giita tin hi¢u ra va tin hiéu vao caa hé théng khi ddu vao bién ddi theo

quy ludt diéu hoa véi tan s6 thay déi tir O dén co.
Néu tin hi¢u vao X =X, sin ot (@_.29)
Tin hiéu ra 1a y =y, sin (&t + @) ' (9.30)
C6 thé biéu dién bing phitc s6: |
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_ P&i v6i tin hiéu vao:

X(l) =X, S]n ot —> xmejmt

dx‘ : . n : ji
— =X u)sm(col +—)—> JOX €

dt 2 (9.31)
d X . T - 1

— =X, (J:)2 sin(wt+2——> (Jm)zxm.{:-‘ :

dt 2

- D& vdi tin higu ra

y(t) =y, sin(wf + Q) > yme”“"”” )
d )R]
_.Ji_y (US[I‘I(C()I-F(P—%— )__).]a)””ex(m @) |
at 9.32)
d’ |
.___})— = y w Sln(wt + gp + 2 _% (Ja)) ym f{(riilﬁ')}
dr’
_ Néu mot he thong don gian dudc mo ta boi phuong trinh vi phin
bac 2:
d’y . dy d’x . dx
a,—— ta, -T2y = b, -—-?+b +b,X 933
5 (231),

thi khi thay vao phuo’ng trinh vi phan ndy cac biéu thic phic s0

(9.32) tin hiéu VA0 Vi ra & trén ta ¢O:
(iol+d

[a,(jo)’ +a,(jo)+aglyne =
. _ 9.34
= b, (jo)’ +bl(J(o)+b0]xm.cJ" O3
Ky hiéu ham rruyén tan 58 1a W(jo):
; Ym i
W(jo)==—"=¢e" (9.35)

m

Vay:
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b, (jo)* +b,(jo)+b,

W)= """, :
a,(jo)” + a,(Jo)+ d

(9.36)

Suy tr (9 16) theo phuong trinh vi phin (_})._“13) la ¢6 ham truyeén:

. bys’+bs+b, _
Wisy= ~ | (9.37)
4,8" +as+a,

So sdnh (9.36) va (9.37) c¢6 nhan xét sau: [lam truyén 1an so cé
thé duge xdce dinh tv ham truyén trong Iinh viee Laplace bang cdch thay
bién so phitc s bing bién 56 do (jew). Viee thay the c6 vé rat hinh thiic nay
duoc giai thich 15 vé mat vat ly qua vi du & trén.

Sir dung ham truyén tdn so va phuong phép phan tich tin s6 cho
phép chiing ta cé thé ddnh gid va diéu chinh dugc cdc tinh nang cia hé
théng ma khong can giai phuong trinh vi phan.

- Néu viet ham truyén tdn so dusi dang bién do pha:
W(jw)= A(w).e'"" (9.38)

trong d6 A(w) la bien dé coa W(jo), con ¢ (w) 1a pha cua W(jw) thi t
biéu thic 9.36, 1a cé:

242 2
A) = J(by ~b,0°)° +(b,0)

9.39)
\/(ao _32032)2 +(a|03)2 {
b,w a,0
Pplw) = arctg ———— —arctg ; (9.40)
s — b0 d, —a,a
- Neéu viel W(jo) dudi dang phan thuc va o thi: .
W(jo)=Plo + jQ(w) (9.41)

Trong dé: P(w) 1a phdn thuc cha W(jw).
Q(w) 1A phan do cha W(jo).
Ham truyen tan s6 W(jw) dugc bi€u dién thanh mot dudng cong
trén mit phang phic va goi Ia dac tinh tdn s6 bién do pha (viét tar I
DTBP). DTBP gém 2 nhdnh d6i xting qua truc hoanh. Théng thuong
ngudi ta chi quan tim nhdnh ing véi o > 0 (hinh 9.17).

[
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i ' v 3\
Hinh 9.17. Ddc tinh tin s6 bién M Rkl N “i‘:__f_)
d6 pha (BTBP) 4 @ () -0
Afeu) /
w)Ia

.. Trén hmh9 18a va 9.18b xay dung dac tinh tan s6 bién Ao — A(w)
va dac tinh tin s& — pha (¢ (®). Trén hinh 9.18¢c va 9.18d x&y dung dac,
tinh tdn 56 — phin thuc P(o) va tdn 56 — phan ao Q(w).

Vi A(®) va P(w) 12 ham chdn nén duong dic tinh d6i ximg qua
truc tung, con @(®) va Q(»w) 1a ham 1€ nén dudng dac tinh doi xing qua
goc toa dg.

Afew) Ples) Qi

2 ] 7 l\"::u
P yy .

Hinh 9.18. Cdc duimg ddc tinh

Neéu biét cdc dac tinh P(w) va Q{w) xic dinh A{®) va ¢p(w) theo
cac cong thic sau:

A(e) = yP*(0)+Q* () (942)
_ Q(w)
p{w) = arctg P() (_9-43)

Dic tinh tin s6 bién d¢ pha thudng dugc biéu dién theo ty 1¢ xich
logarit. Néu 14y logarit 2 v& cia (9.38) ta ¢d:

InW(jo)=1nA(w) + jp(w) (9‘,44)
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Biéu thic: - L(®) = In A(w) (9.45)

dugc goi 13 dac tinh tdn s6 bién dé logarit (DTBL). Dac tinh tin s6 bién
d6 logarit thudng dugce biéu dién & dang:

L(w) = 20in A(w) (9.46)

- Truc tung dic L{®) theo don vi decibel (viét tat 1a dB), cdn truc
hoanh thuan 1gi nh4t 13 theo lg(w).

9.5. HAM TRUYEN CHUYEN DONG MOI KHGP DONG

Trong phdn nay trinh bay phuong phdp xay dung hiam truyén déi
v6i trudng hop chuyén dong 1 bac ty do. Trong co cau tay mdy méi bac
tr do thudmg duge diéu khién bang mot he truyén dong riéng. Truyén
dong c6 thé 1a thuy luc, khi nén nhung nhiéu hon ca [ biang dong co dién
mot chiéu.

Trén hinh 9.19 12 so d6 dong co dién mdt chiéu véi tin hiéu vio 1a

dién ap U, dat vao phdn ing, tin hiéu ra 14 géc quay O cla truc déng co,
kich tir cho déng co la kich tir doc lap.

Hinh 9.19. So d6 uéi dong co dién mat chiu

Truc dong co thudng néi lién vai hop giam ¢ (hinh 9.20) réi téi
truc phu tai. Goi n la ty 6 truyén, 8, 1a géc quay cla truc phu tai. 1a cé:



Bla(t):nem(l)]
6, (1)=n0_ () 9'47)
8, (y=nb_ (1)

Mémen trén truc dong co bang téng momen can dé dong co quay
cong vdi momen phu tai quy vé truc dong co.

M(D =M _(D+M_ (D) (9.48)
K¢ hiéu J.. - momen qudn tinh cua dong co

J, - momen guan tinh phu tal
ta co:

M, (1)=J, 8, (0O)+£0, (1 {9.50)

trong d6 f,, va f, 1a he s6 can clia dong co va clia phu tai.

M_(1)=1,0,0+106,1 (9.49)

Hinh 9.20. So dé déng co dién cting phu tai

Theo dinh luat bae toin nang luong. cong do phu tai sinh ra tinh
trén tryc phu tai 1a M, 6, phat bing cong quy vé truc dong co M, 9, Tu

do ta ¢é:

. 0 ' _
M, ()= (1) M nM, (t) (9.51)

0, (1)
Tioh téi (9.47) va (9.50) ta ¢o:



M (=03, 0, (0+1,0, (D] 95
Thay (9.49) v .52) v (9 .48) ta c6:

M=+’ )8 O+ +n’f 0 (1)

MU =18_()+106_(1) (0.53)
Vi T=1_+1Y, '
f=f +nl,

m
Trong d6: T - momen qudn tinh tdng hi¢u dung
F - hé 56 tong hiéu dung.

Bai vi mémen trén true dong co phu thude tuyén tinh véi cuding
do dong dién phan tng va khong phu thude vio géc quay va van oc géc,
ta co:

M(t) = K 1, (1) (9.54)
vOi 1, - cuong dd dong dién,
K, - hé 56 ty I¢ momen.

Poi v4i mach dién phan ng:

(

: di (¢
U (=R, (H+L, (‘]‘h )+eh(t) (9.55)

vai R, L, - dién tr6 va dién cam phan Gng
¢, - stic phan dién dong cua dong co
e, ()=K,0, (1) (9.56)
K. - hé sa ty 1& v&i sie phan dién dong.
Dung phép bi€én doi Laplace, tit (9.55), ta ¢6:
U, (s)—-sK,B_(s)

I(s)= .57

‘ R, +sL, -7
T (8.53) ta co:

M(s) =8°J8(s)+s10_(3) (9.58)



| Vatir(9.54)a c6:

U (s)-sK,0 )|
= I =K = m 3%
M(s) = K, I, (s) a[ "R, 5L, ] (9.5

Trén co s& (‘5.58) va ;(T‘}'.S'Q) ta co:

6_(s) | K, |
= (8.60)
U (s) ss?JL, +(L,f+RDs+RE+KK,]

Day la ham truyén cdn xdc dinh, nd la ty so gila tin hiéu ra (goc
quay 9,,) va tin hiéu vao cla h¢ thong (dién ap U,).

Bién déi (9.60) dudi dang sau:
8_(s) K,
= 9.61)
U,(s) sI(sL, +R)(T+)+ K.K,] -

B&i vi hé théng gém c6 ca dong co va phu tal nén tin hiéu Ir_a la
géc quay cia truc phu tai 8, nhu trong cong thiic (9.47). Cudi cing ham
truyén chuyén dong 1 bac tu do clia tay mdy la:

0, (s) nkK, '
U, (s) sl(sL, +RGT+H)+K K, ] N

vi s0 &6 khéi tuong éng nhu trén hinh 9.21:

L )+

% (s)

in!-...._
-]

x 7 ol X,

&
&

ST+ f

Ky

Hinh 9.21. Ham truyén chuyén dong mot bdc tu do

Dé don gidn hod c6 thé khong xét dén anh hudng cia dién cam
phdn g 1a L, vi né thutmg qué nhd so véi céc nhan 16 anh hudng co kni
khic. Phuong trinh (9.62) con lai nhu sau:

0, (s) - oK,
B (9.63)
U,(s) sGRJI+RI+KK,) |
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9,6. PIEU KHMIEN CHUYEN DPONG MOI KHOP PONG

Nhlém vu diéu khién Lic nay 1a 1am sao cho dﬁng co chuyén dich
khép dong di mot géc bang géc quay da tinh toan dé dam béo theo quy
dao @3 chon (xem chuong VIi) Viéc diéu khién duoc thuc hién nhu sau:
theo tin hidu sai léch giira gia tri thyc t€ va gid tri tinh todn cha vi tri goc
mi diéu chinh dieén 4p U (1) vao dong co. Hay néi khiéc di, dé diéu khién
theo quy dao phai dat dién 4p vao dong co ty 1 thuln véi do sai lech goc
quay ciya khdp dong.

K.et) K [0 (-6 .
U= ,,:(): ol (r)l‘L( )] e

Véi K, - hé s6 truyén tin hi¢u phan hoi vé vi tri
e(t) - 00 sai léch géc quay: e(t) = 0,(1)~6,(t)

Gid tri géc quay tic thoi §L () dugc do bao bang cam bién
(sensor) quang hoc hoic chiét ap. '

‘Bién déi Laplace phuong trinh 9.64):
K, [0.(5)-0,.(]  K,E(s)

i

U, ()= . =— (965)
va thay ($.65) vao (9.63).
' K, K _
he ' = G(s), (9.66)

E(s) 9(9R J+R f+K . K,)

Sau khi bién déi dai s6 don gin ta ¢6 ham truyén:

0,.(s)  Gls) _ K.K,
B.(s) 1+G(s) sRJ+s(Rf+K.K)+KK, _
) K,K,/R,] ©9.67)
~ L, [Rf+K,K,] KK
s” + - S+
R.J R,J

" Tu phuong trinh (9 67) hé diéu chinh ty 1 dich chuyén méi khdp
dong 12 he bac 2. Néu cdc hé s6 phuong trinh bac 2 nay la duong thi heé sé&
dn dinh. Dé nang cao dac tinh dong luc hgc cla hé va dé giam sai s6 tinh
- ¢6 thé tang hé s6 K, va xét t6i dao ham cha do sai léch dich chuyén qua
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h¢ $6 K,. Mu6n the thi dién ap diéu khién dong co 58 ty [ thudn véi do
sai [eéch dich chuyén va dao ham cii né.

KB, -0, 01+ K10, ()-0, (1)] )

n (9.68)
er(t)+K\_e(l)

n

Nhu vay. khi ¢6 lién h¢ phin héi he thong trd thanh khép kin va
$0 d6 him truyén biéu thi trén hiph 9.22.

Sau khi bién déi Laplace bicu thie (9.68) va thay U, vio(9.66) ta
¢6 ham truyén: . S

0, (s) K (K, +sK,) KKs+KK, ‘
= = =G () (9.69)
E(s)  s(sRJ+R f+K K,) s(sR.J+ R, /+K,K,) ‘
Tir dé cé:
9 (‘5) G\- S‘) KaKl' §+ K(;K -
= ) _ - (9.70)

() 1+G () s*RuJ+g(Rnf+ K K, +K0K1_)+KGKP

%)

Hinh 9.22. So d8 dicu khién chuyén dich 1 khép dong co lién hé phan héi.
9.7. DANH GIA PAC TINH PONG LUC CUA HE PIEU KHIEN
Truée hét cin nghien ciu pham vi thay déi he s6 truyén phan hoi

vé vi tri va van toc (h¢ s6 K, va hé¢ s6 K,). Nhu da bi€t, phuong trinh dac
tru‘ng ctia hé bac 2 ¢6 dang chuﬁn nhu sau:

s’ +2¢w,s+w} =0 (9:71)
V&I & vir o, - hé s6 gidm chan va tan sg riéng cua hé dao dong.
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Pei chiéu giita 2 phuong trinh (9.70) va 8.71) 1a ¢6:

. KK,
w, = (9.72)
JR,
R f+K K, +K K
2 (f)n — o - il atty (L)’;;:;)
d JR, “
Dé dam bao ché dé 1am viec ¢6 gidm chin cdn thi€t thi £ > 1. Do
viy:
R,[+K,K,+K,K,
&= 21 (9.74)
EVrKUKpJR” .

Tix diéu kién (8.74):

K >2.\J|K”KPJR“ _Raf_Kr;Kb

L2 . 275
; % _ (2.75)

I

Dé tranh dao dong cong hudng, thudng chon:

o, <05, o (9.76)
v6i o, - 14n 56 cong hudng cia hé ket cau.
Tén 6 cong hudng cia hé két cau chi yéu phu thude vao vat licu
ché tao tay miy. Néu goi do cing vimg cua hé khdp dongla K., thi
momen gay nén K, 8 (t) can bing v6i moémen qudn tinb cua dong co:

JO (H+K_ 6. (1)=0 9.77)

m

Phuong trinh dac trumg cta bidu thic (‘9’§77) sau khi bién déi
Laplace sé la:

s+ K, =0 (9.78)
Giii phiong trinh trén tim tan s6 cong hudng:
K” 12 .
W, = (9.79
J : )

Néu @, [2 tin s& cong hudng do duoc 1ing v6i momen quan tinh
J, d4 biét, thi d6i v&i momen quén tinh J, tin s6 cong hudng tuong {ng 12:

12
_ Ju ' s
W, =W, 7 (9.80)
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Theo diéu kién (9.76) va tir (9.72) ¢6:

0<K < w!JR, | 5
<K < 9.81
! 4Kﬂ ( )
Tinh théra biéu thitc (9.80) cé:
w.J, R .
0<K, K €222 9.82
PT 4K, (282)
Biet K. thay vao (9.75) nhan dugc:
R wJ.J-R f-K K '
K‘, > o ﬂ'\’ y uf a b @’;83)

K

a

¢.8. PIEU KHIEN CHUYEN PONG ROBOT NHIEU BAC TU DO.

Nhiém vu quan trong dau tién clia viéc diéu khién robot la dam
bao sao cho diém tic dong cudi E (End - effector) cla co céu tay mdy
phai dich chuyén bdm theo mot quy dao dat trudc. Khong nhimng the, hé
toa d6 X, V.. Z gn lién tai diém E d6 phai duy tri theo mot dinh hudng
nito d6. Phuong phdp giai bai todn nay da trinh bay & chwong V. D6 la
noi dung co ban dé xay dung chuong trinh diéu khién vi tri cho robot.

Tuy nhién khi giai bai todn nay chua xét téi cic diéu kién thuc t€
khi lam viéc, nhur 1a c6 sy tac dong clia momen lyc, cia moi truong lam
vIEC V.V...

Cac yéu 6 nay s& lan luot duge tinh t6i va phuong phdp diéu
khién ciing tr& nén da dang vi phong phi hon, tuy theo yéu ciu nang cao
chat fugng diéu khién.

Nhu di biét, cdc khép dong clia robot déu c¢6 ngudn déng luc
riéng, nén diéu khién robot 1a diéu khién cdc ngudn dong luc doc l1ap dé.
So dé khéi tong quat clia hé thong ditu khién robot dugc. mo ta trén
hinh 9.23.

Fy, 1
00 £ Bo diéu khién Robot q,

Hinh 9.23. So dé hé théng diéu khién
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~Tren hmhﬁ 23: .

S gy la vectd vi trd dat clia bign khérp q I3 vécto vi tri tifc thoi cha |
~ bi¢n khop; : d

q la vécto t6c d6 thay déi bién khdp tuong dng;

Fu 1a vecto lyc dong IE_IO nén & khdp dong. D6 12 lye hoac mdmen
tao nén bdi ngudn dong lyc & khdp dong.
Phuong trinh dong luc hoc clia robot da duge vu:t duéi dang ma
tran (§.30)
| Fu=D(g) § +h(q, §)+c(q) (984)
C#u tric bo diéu khién c6 thé lua chon 12 luat diéu khién ty 1¢ -
dao ham (PD- Proportional - Derivative):
3 . Fy=Ke+K € - (9'85)
’Trong dé:
¢ € - sai s6 vi tri clia khép dong: e =q,-q
€ -sai s6t6c do: e=q, —q
K - ma trin dudng chéo cdc hé s6 khuéch dai cha n khdp
d(:)ng K, = diag (K, Kps ... Kpo). .

K; - ma tran dudng chéo clia hé s6 dao ham ctia n khép
_d(‘)ng Kp = diag (X, Kp,, ... Kpy)

So d6 hé thong dicu khién phan héi véi c4u tric didu khién PD cé
dang don gién nhu hinh 9.24.

» Kp

i 1) e

—{ Robot

VY_Q

" Kp

- Hinh B24. S0 d6 cau tric he théng véi b didu khign PD ¢6 d tit ddn
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Trén so d6 hinh 9j24, tin hieu dat vi tri q, duge so sanh vdi vi trl
tic thovi q va do sai lech € téc dgng vao khau khuéch dai véi hé s6 K. Tin
hiéu ra cia khau ty 1¢ dugc cong dai s6 vdi tin hiéu tat ddn ty 1 véi 16c 4o
cua kKhép dong. :

Fu=Kp(qa-)+ Kp g ((._{.86)

He thong vdi céu tric luat diéu khién PD c6 40 tét ddn (hinh 9.24)
s& khong thich hop v6i mit <& kiéu robot. Mot dang hé théng diéu khién
khéc giGi thieu trén hinh 9:25 c6 b6 sung thém tin hieu dat téc 4o q, va

do sai lech t6c dd € tac dong vao khau khuéch dai K.

4o £

Robot >

q—-‘%" OE— K, | |

* Hinh &.25. So 8 cdu triic hé théng vdi bd diéu khign PD

. Do chinh xéc tinh cla he théng diéu khién c6 thé nang cao bing
céch tang hé s6 khuéch dai K. Tuy nhién hé s6 K 10n s& 1am giam do dn
dinh chia he thong cling nhu lam tang 46 nhiéu. Bo diéu khién c6 cdu tric
" PID (Proportional - Integral - Derivative tic 1a Ty 1& - Tich phan - Pao
ham) s& khic phuc dugc nhuge diém d6 cla bo diéu khién PD. Khi d6
phuong trinh lyc d0ng F,, tic dong 1én khdp dong s€ c6 dang:

! : .
Fy=Kpe +Kp € +K; [E(r)d T G187
Trong dé: _
¢ K, - ma trin dudng chéo cdc hé s6 tich phan cia n khdp dong:

K, = diag (Ki;, Kizy -+ Ki) '

Nhw vay, tuy theo ciu iriic 43 lua chon cho bd diéu khién, ta dem
dgi chi€u phuong trinh (9.86) hoac @_.87 ) véi phuong trinh Lagrange ’

84), tit 6 nhan dugc ca¢ phuong trinh caa hé diéu khién twong 1ng. T

cic phuong trinh cha he diéu khién nay c6 thé ya chon Ky, Kp va K, sa0
cho sai lech vi tri € s€ tién 161 0. : L
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CHUONG X

TRUYEN DAN PONG PIEN CO

;il.l. GIGI THIEU CHUNG

Thigt bi truyén dan dong (Actuators & Power Transmission
Devices) 13 phin quan trong dé hién thyc céc so d8 dong cia co céu tay
mdy va la phin quyét dinh két cu chia robot. Nhu di biét céc so 46 dong
cg ciu tay mdy rat da dang va cic loai hinh két cdu tay mdy ciing rit -
phong phi. Tuy nhién, qua thuc 1€ sit dung da din ddn dinh hinh cdc xu
hudng vé loai hinh két cau robot.

Trong k¥ thudt robot hién dai ¢6 2 xu hudng co ban vé loai hinh
két cdu. '

Xu hudng thit nhat 1a robot chuyén ding dé dap ing mot cong
viéc rit cu thé trong day chuyén san xuat va robot chuyén mén hod trang
bi cho mot nhém thiét bi cong nghiép nao dé dé thuc hién mot loai hinh
cong viéc. Cdc toai robot nay thudng c6 s6 bac tr do khéng 16n, nhumg
lai yéu cdu cao vé€ mifc d6 thao téc nhanh, v& do chinh xdc va do tin cay.
Tuy nhién lai khé dp dung khi cdn thay d6i cic thong s& cong nghe.

Xu hudng thit 2 13 tao ra cic robot da chitc nang dé thich nghi
vdi nhiéu loai hinh cong nghé hoac véi pham vi thay ddi tuong d6i rong
cac thong s8 cong nghé. Cac loai robot ndy thudng cé s8 bac ty do cao
homn, co dong hon nhung lai khé dam bao do chinh xdc va d¢ tin cay cao.
Ngoai ra gi4 thanh ch€ tao lai dat hon va khi sir dung, tuy theo cong viéc
6 Iie lai khéng dang hét s6 bac tu do.

Mau thudn trén c6 thé duge khic phuc néu dp dung nguyén itic
modun hod khi thi€t k€ robot. Theo dé két ciu robot gém cédc cum chi tiét
mday dién hinh cé chifc ning hoat dong tuong déi doc 1ap, duge goi la céc
modun. Cic modun ndy ¢6 thé duge thiét k&, ché 1ao chuyén mon hod dat
duge nhiing tinh ning k¥ thuat cao véi gid thanh phai ching. Khi ndi
ghép cidc modun theo nhiéu phwong 4n khic nhau cé thé tao ra cic keét
~ c4u hinh robot khic nhau. Céc robot thiét ké theo kiéu mddun hod dugc
ding réng rai khi tao dung ciAc modun san xuit linh hoat (Flexible
Manufacturing Module).

Chc thiét bi truyén din dong I3 bo phan chi yéu dé tao ra cic
modun két cdu tay mdy. V& nguyen tic trong két ciu tay may c6 thé ding
héu hét cic thi€t bi truyén din dong thong thutmg. Tuy nhién ciing c6, .
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nhitng yéu cdu rieng nhu 13 gon nhe, linh hoat, dé dicu khién, cdn triét
. tiéu khe h& khi quay d4o chiéu v.v... Vi vy trong co cdu tay may thuong
dung mot s6 loai thiét bj truyén din dong. Dudi day trinh by méot s6 loai
thi€t bi truyén din dong thudng dung trong két cau tay may:
' Chuong X - truyén dan dong dién co, Chuong X1- trayén dan dong thuy
khi. '

10,2. TRUYEN DAN DONG CO KHI.

ruyén din dong co khi c6 rat nhi€u loai hinh. Ching dugc ding
rong rii trong k¥ thuat may ndi chung va trong k¥ thuit robot ndi1 riéng.
Ngoai nhing loai truyén dan dong co khi phd thong da dugc trinh bay
trong nhjéu gido trinh gidng day k¥ thuat, & day chi dé cap dén mot s6
thiét bi hay dung trong k¥ thuat robot va con tuong d6i méi me.

10.2.1. Bé truyén banh rang séng.

Truyén dong binh rang song (The harmonic drive) khdc biét so
xi céc loai truyén dong banh rang khéc & chd né c6 mot binh rang mém

4

(_!tifuyén séng bién dang va nht viy ma truyén dugc chuyén dong quay
chink 10.1). - |

"

_ HﬁilO‘,l B6 truyén banh rdng séng.
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B¢ truyén banh rang séng gém 3 b phan co bdn: banh ring mém

1, bdnh rang cing 2 va cin tao séng b. Banh ring mém c6 dang 6ng vo
mong. Mot ddu Sng ndi véi truc quay w,, cdn ddu kia duge cit rang véi s6
rang Z,. Vanh rang nady dugc bi€n dang di mot dai luong 2W,,.do cidn tao
s6ng gy nén. Nhu mo (4 trén so d6 tiét dién cat ngang{hinh 10.1}, do tic
dong ciaa cdn tao séng vanh rang mém tir hinh tron bién dang thanh hinh
elip. Chu vi vanh rang khi bién dang so v6i chu vi,vanh ring khi chua
bi€n dang, tao ra 2 séng (xem hinh khai trién trénhinh:10.1). Phuong A 1a
phuong bién dang 16n, con phuong B 1a phirong bien dang nhé. Dinh séng
bién dang nam trén phuong A, con ddy séng bién dang ndm trén phuong
B. Tuy theo cdch tao sng, 56 séng bién dang c6 thé 13 1, 2, 3 v.v... Thong
thudng 1a b truyen 2 séng va quan he s6 rang giita banh rang mém véi
banh rang ciing 1a Z,-Z, = 2. '

Bo truyén bdnh rang séng con ding d€ truyén chuyén déng qua
vich ngan kin, cho nén v6 méng 1 thudng lam kin mot ddu. Cin tao séng
diing d€ hinh thanh vA truyén séng bién dang trén bénh ring mém. C4 thé
tao séng bing phuong phdp co khi, dién tir, thuy luc, khi nén. Theo
- phuong phip co khi ¢6 thé dung 2 con lan, 4 con lan, dia lan, vong lan
hoac cam lan. '

Béng hoc bdnh ring truyén séng:
Ung v&i mdi vong quay cia cdn 130 song, mot rang cha banh ring
mém | s& ¢6 2 14n vio an khdp véi banh ring cing. Gia sit banh ring
cling 2 duge git khong quay, néu cén tao s6ng quay hét 1 vong (¢, = 2 )
thi truc quay coa banh rang mém s& quay theo ¢hiéu nguoe lai mot géc
bing ¢, =2 n(Z,-Z)/Z,. '
Tir quan he cic géc quay dé suy ra quan hé céc van téc géc:
T, 7z
| = (Z,-2,) 24

(10.1)

Bay gi0 gia sir gi¥ cho banii rang mém 1 khong quay néu cin tao
séng quay tron mét géc ¢, = 2 7 thi bdnh ring cing 2 s& quay cing
phuong nhu cdn tao séng mét géc quay 13 @, = 2 ©(Z,-Z,)/Z,.

Tir 46, ta c6:
u;" _w, 2 _ Z,
5 = = =
w, 2 Z,-Z (10.2)
2 =(2,~-Z) 274 Rt
Z2
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Cic bidu thic.(10:1);(10.2) ching to 1y s8 truyén cua bo truyén
_bénh ring séng chi phy thuc vao céc s6 rang.

_ Trén hinh 10.2 12 so d6 bo truyén bdnh rang séng 2 cfp. Trong
trudng hop nay banh rang mém 1 ¢4 2 vanh rang Z, va Z,, &n khdp véi
céc banh rang cing 2 va 4 véi s6 ring Ia Z, va Z, wong tng. Trong d6
banh rang ctng 2 1a c6 dinh. Chuyén dong quay duge truyén ti¥ cén tao
séng 3 dén banh rang cimg 4 nhd 2 su an khop song.

Ty s6 truyén cha bo truyén bénh rang séng nhiéu cip xéc dinh
tuong ty nhu bo truyén bénh rang hanh tinh vai cong thifc sau:

: ZZ,
Upy = (10.3)
" Trong b truyén bénh ring séng c6 c4u tao nhu mot khép néi truc

(hinh10.2), néu fﬁy Z.=Z,vaZ,=17, thi truc ddu ra cfia khdp ndi truc
ghn lién v6i banh rang 4 va 1y s6 truyén s€ la:

L& ..
r Zz - ZI “04)

Néu 18y Z, = Z, v Z, = Z,, thi tryc ddu ra gén lién vi banh rang 4
va c6 ty 86 truyén la:

Z, :
U,, =———————
b4 . 10.5
;4
~,
- . .
I 1 //
. : SEN e
4l s %?2
LEE= ey }% |
2, L - /23
2 L\‘&

'Hinh_ 10.2. Bb truyén bdnh riing séng 2 ofip.
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Pdc diém an khop ciia bnh rdng song.
, - Nhos ¢6 banh ring mém bién dang dugc néri khe h& giita céc cdp
' rang Z, v Z, & mién dinh séng 12 r4t bé, hodc gin nhu triét tiéu.

- Ciing phds sy bi€n dang clia banh rang mém nén trong bo truyén
bénh ring song ¢6 s6 10n cap rang cung an khép (d€n 40%).

| -——|
R\ |

‘Hinh 10.3. B truyén bdnh rdng séng xuyén qua vdch ngdn

- Bfi‘: fruyén banh rang séng dat dugc ty s6 truyén 16n. DOi véi bo
truyén ding banh ring mém bang thép, néu mot cap thi u = 50 + 300, néu
2 cfip thi u = 200 + 10* hodc con ¢d thé cao hon nifa. .

- Do ¢6 nhiéu cap rang cing an khdp va co thé tao ra mot vai viing
an kh6p déng thdi, cho nén ¢6 thé ba trit duoc céc sai 58 ch€ tao, sai s6
lap rép va néi chung dat duge d6 chinh xac dong lyc twong d6i cao. Ciing
nhd viy ma bd truyén bénh ring séng lam viéc déu hoa va it gy tiéng 6n
han so véi cdc loai banh rang khéc. - ' )

. - Hiéu sust b truyén banh rang séng cling kirong thép, vi dy, khi
ty s6 truyén u = 50 + 200 thl hiu sudit trong khoang 70 + 85%.

- Ngoai ra b truyén banh rang séng con c6 vu diém nia 1a nhd ¢6
vanh rang mém & mot ddu 6ng v mong, bién dang 1ai khong ldn, ng vo
mong c6 thé lam mot dau kin nén c6 thé 120 ra oo ciu bo truyén xuyen
qua vich ngan kin gifia 2 moi trudng khic nhau (xem hinhiQ3). D&i véi
banh ring mém bing thép thi do bién dang W, = (0,003 + 0,015)d,, con
chiéu day vo mong chd chan rang h, = (0,005 + 0,03)d,, v6i d, 1a avlog
kinh 6ng vO mong. y _
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Sit dung truyén déng bénh rdng sdng.

Do c6 c4c tinh chit noi ten, truyén dong banh ring séng: duge
diing chl yéu & cac bd truyén cén ty s& truyén cao, cic bd truyén dbi hoi
d6 chinh xdc cao, cc €0 c&u c6 quin tinh nho va yéu cdu tic dong nhanh
trong hé thong diéu khién tx dong, cdc khép dong trong tay méy.’f}]goéi
ra con ding dé truyén chuyén dong xuyén qua vach ngan va kin kit doi
véi moi truong hod chat hodc phong xa v...v. T

Dudi day gi6i thieu mot vai ing dung truyén dong banh rz“mé song
trong két cau robot. o ' .

Tren hinhl0i4 13 so 6 cdu tao mot khdp quay diing banh ring -
séng. Trong than hop 1 dat dong.co dién 3 va bo phan 2 nhén tin hi¢u
phan héi lién he véi truc dong ca biing cac banh rang 4, 5, 6. Banh dng 5
gén lién v6i tryc 10 d4u vao bd truyén bénh rang song. Truc 10 Ih truc
khuyu, trén d6 gén céc dia 9 d& tao song bién dang cho banh rang mém 8.
Banh rang 8 nay an khép véi banh rang cing 7 ¢d dinh va gén véi truc
dau ra 11 cta bo truyén bénh rang séng. Truc 11 gén lién vdi khéu tiép
the> clia co c&u tay may. : .

- S0 d6 4p dung trén hinhi0.4a chi thich hop véi trudng hop cong
suit dong co khong 1dn. Khoi ligng cta dong co khong vuot qud khoi
lugng clia bo truyén binh rang séng. Thudng thuong phai ldp mot phanh
ham om 14y truc dong co Khi ngét dién, bdi vi b0 truyén banh rang song
mot cap c6 thé quay ngudc, tic Ia khong ty hdm duoge. Khi 14p phanh ham
thudng lam giam do tin cay cha bo truyén va gy nén tai trong dong
" khong mong mudn lGc phanh ham. Bai thé c6 thé dp dung phuong dn
khic ding cdc co cau cb thé ty hdm duge, vi dy, banh viy truc vit nhu
hinl}lir_(‘}'.tt.

a9 4
1 17 L‘—"_'_-“-
'y 2/@ I
1 / i i
v ¥ LLT
:l' ‘/‘I-
(L
|= }’I
La Ji Adi e

Hmh 10.4. Sir dung bo truyén binh rdng séng

trong khép quay tay may
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So dé trén hinht 0.4b gdm c6 dong co dién 2 lap trong than hop 1
¢6 truc n6i lién v6i tryc Vit 3, an khép véi banh vit 4. Truc banh vit 4 néi
véi truc ddu vio 5 cia bd truyén binh rang séng. Cdc dia 7 lap léch tam
trén truc 5 s& gy bién dang séng cho banh ring mém 8, an khdp vdi banh
rang ciing 9. Banh ring mém 8 c6 dang hinh 8ng vé mong, durge <4 dinh
nhiy bo phan 6. Con banh ring cing 9 lai quay trong 8 bi 10. Chinh 8 bi
10 ciing 13 kh6p quay clia khau 11 1i€p theo. '

Nhuoc diém cta ca hai so dé hinhi0.4a val0.4b 12 do dé dam béo
d6 dai cha c4c banh rang mém cho nén lam tang cdc khoi lugng va kich
thudc chiéu truc cla cdc khdp quay. Ngoai ra véi cdc ket cau ndi trén s&
khé khan luén day edp dién tir khau nay sang khau kia cia tay mdy.

"Trén hinh10.5 14 so dé khép quay than ctia robot ASEA IRb - 6,
diing bo truyén banh rang séng ¢6 truc rong, thudn ti€n cho viéc ludn céc
day cép di¢n. Trong than hop c6 dinh 1 lap dong co dién 2. Tiép theo la
cap banh rang 3 ¢6 goc ring nghiéng én dé tu ham duge. Truc binh ring
3'nGi lién véi truc khuyu chi dong 4, trén d6 1ap cdc dia 5 cling cac vong
bi 6 gy bién dang cho vanh ring mém 7. Vanh rang mém 7 12 vanh rang
trong 6ng mong duge b dinh v6i than hop nhd bo phan 14. Vanh rang
mém 7 4n khép vdi vanh rang cing 10 trén dng try réng 9. Ong trd 9
quay trong cic 6 bi 8. Ngoai truc khuyu chi dong 4 ¢6 lap thém truc
khuyu bi dong 11 va nhd céc dia lan tuong ty ma truc 11 quay réi qua
khép truc 12 truyén tin hiéu quay dén bo pham cam bien phan hai 13.

D3i vdi cac robot 1am viéc trong moi trudng dac biét, vi du, trong
moi trudng an modn, cAn phai cach ly cdc bo truyén dong va dong ca dién
vGi moi trudng 6. Trong trudmg hop nty c6 thé sir dung b truyén binh
ring séng c6 banh rang mém dugc 1am kin, nhu trén hinh*10.6, g

IRt
RN
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Trong than hop'1 (hinhiQ6) Y4p dat dong co dien 2. Tryc cita né
nGi lién véi truc vit 3, banh rang vit 4 va truyén chuyén dong sang truc 5
12 truc ddy vao cha bo truyén bénh rang séng. Banh ring mém 8 c6 dang
mot dng v mong bit kin mot diu va ndi véi than hop 1 bang cac bo phin
lam kin 11. Céc dia 9 tao song bi€n dang cho vanh rang mém 8, an khdp
v6i banh rang cing 7. Banh rang nay quay tron trén céc & bi 6 va phan
cudi chia né gan lién khau 10 ti€p theo. Nhu vay, céc bo phan bén trong

’

V4
N

J ¢
/7

Hinh 10.6. Sodé
khop quay robot
dung bdanh riing

* - sbng lam viéc & moi T 3 II i” P 3

1
truomg ddc bigt ¥ '
' . r/t%—( il 1
- | PR |
T 7 .
Fig 277

than hop hoan toan duge cach ly v6i moi trudng bén ngodi. Néu trén mét

dia banh vit c6 khoan céc 16 va dat ngudn sdng 12 & mot phia, con phia
kia dat t€ bio quang dién 13 thi d6 1a mot ¢ cdu cam bién don gian nhan
tin hiéu phan hoi vi géc quay hoac t6c 40 quay qua hé théng d€m xung.

10.2.2. B6 truyén dong bénh rang con 1an - cycloid hanh tirh.

Trong nhitng nam gin day truyén dong bdnh rang cycloid hanh
tinh lai dugc quan tam nghién ciu cai ti€n va img dung twong ddi rong réi
& céc bo truyén din trong robot. Truyén dong nay 6 nhidu ru diém nhw:
dat dugc ty s3 truyén cao, gon nbe, d6 bén va do chinh xac d3u cao hon
50 v6i nhiéu loai truyén dong khic. Tuy nhién lai yéu ciu cao "€ do chinh
xac ché tao va 1ap rép.

Trén hinhlQ7a 13 so d8 mot hop gidm t6c binh rang cycloid hanh
tinh, gdbm banh rang trung tam ¢& dinh a, cdn quay H, banh rang v¢ tinh b
va banh rang c.

Trén hinht0.7b gi6i thiéu them mot so d6 hop giam tdc bénh rang
cycloid hanh tinh. Banh rang b ¢6 s6 rang Z,, banh rang a ¢§ s6 rang
7, = Z, + 1. Khi quay cin H binh rang v¢ tinh b ¢4 chuyén dong song
phang vA nhds co cfu tay quay d lam cho banh rang ¢ quay theo. Ty s&-
truyén tir cin quay dén truc caabanhclay,=-7,

D6i vai hop giam toc 1 clp ty s truyén dat t6i 87 con d6i voi hop
giam t6c 2 cdp hodc 3 cap cd thé dat dugc ty s6 truyén rit cao.
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Hinh 10.7. So dé hép gidm téc bdnh ring cycloid hanh tinh
’

Trong cap bdnh rang cycloid hanh tinh, mét banh c6 rang hinh
con lan, con banh ring an khép véi n6 ¢6 dang rang ho dudng epicyloid.

Trén hinh]08, r, va r, B

ban kinh vong lan (vong tam tich).
Khi 1an vong r, trén vong r, mot
diém B nao d6 nam trén vong tron
1, s& v& nén dudmg epicyloid B,B,.
Néu thay diém B, bang diém D,
ciing gin lién voi vong trong 1,
nhung nam phia ngoai vong r, thi
khi lan vong r, trén vong r1,, diém
D, sé vé nén dudng DD, epicyloid
kéo dai (inflected epicyloid). Bay
gi% néu thay diém D, bang chét
dudng kinh 2r thi khi lan vong r,
trén vong r, bao hinh ctia cic con
" lan 1a dudng s& 3 céch déu dudng
epicyloid kéo dai. D6 chinh Ia
dang rang an khop véi banh rang

Hinh 10.8. So dé tao hinh an khdp
bdanh rdng cycloid

con Yanl Nhy vay d6i véi bo truyén banh rang con 1an, cdp banh ring an
khdp v6i nhau c6 bien dang 1a dutmg s6 3 va vong tron ban kinh r ctia con

ian.

Qué trinh hinh thanh dudng B,B, va dudng D,D, déu hoan thanh
khi banh 2 quay di cing mAt géc bang 2n. Khi d6 vong lan 2 di lan di
vita tron mot vong 27r,, con vong ian 1 dé lan di mot do dai la :

2nr,= BB, =2n1,+1

- (106),
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~ véi t 13 bude rang.

Do d6: .
Ot t=2m{n-n)=27A, S ¢y
Véi A =0,0,. Matkhéc ta cé: '
‘= 27r | ) a X
_ Zn - (10:8)

_ V6iZ 1aso (nguyén) lin dutmg BB, v& duoc trén chu vi vong lan
1. So sanh,(}0.7);(10.8) ta ¢6: 3

r,=AZ, (10.9)
va n=n+A=AZ,+1) (15.10)
Vi rang: - ' '
n_Z §
o y (10,11)
h 4 | .
va trén co s& (10.9);,(10 go )tacs -.
D 7,=7,+ L. | (10:12)

N&i céch khdc, 6 con lan Z, phan b6 trén bénh 2 phai 16n hon s&
rang Z, (s6 dudng B,B,) ciia banh 1 12 1 don vi.

(0.1 va (10,12) ,tacé:

TR 2 .
- . 10.13)
| VA +1 | _(} 13}

Trén hinhfﬁ.'} [2 b6 truyén banh rang c6 bién dang rang an khép
véi con lan 13 dudng cich déu epicycloid keo dai goi tét 12 bo truyén binh
rang con lan - epicycloid.

Tuong tu v3i bd truyén rang con lan - epicycloid, ¢6 thé tao ra b
truyén bénh rang con lan - hypocycloid. Khi vong lan r, lan trén vong lan
r, thi diém B, nim trén vong lan r, s€ v nén dudmg hypocycloid BB, va
diém D, gén lién v6i vong lan r, nhung nam phia ngoai vong lan r, s€ V&
nén dudng hypocycloid kéo dai D,D,. Cap banh rang an khdp c6 bién
dang rang tuong Gng la vong tron con lan ban kinh  &n khép v4i dudng
cich déu (khoang r) so véi dudmg hypocycloid kéo dit.
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_lﬂllﬂl—h1¢09 B6 truyén bdnh rdng con ldn - epicycloid.
- Theo cédch suy luan nhu d3 Jam & trén, ta cé _ :
Z,=Z,+1, | - - (10.14)
va -

(10.15)

Trén hinh1010 13 b6 truyén
banh ring c6 bién dang rang
an khép véi con lan 1a dudng
cich déu hypocycloid kéo
dai, goi tat & bd truyén bénh
rang con lan - hypocycloid.
Su khdc biét cha bo truyén
binh rang con lan -
hypocycloid so v8i b truyén .
binh rang con lin -
- epicycloid 1a cic con lan
duoc b6 tri trén banh 1 chit
khéng phai trén binh 2.

Ca 2 loai truyén dong baoh
rang cycloid ndy ¢ dic diém
14 chd cac rang ti€p xdc véi

R N - nhau déu nim ngodi ving
Hioh 10,10, B trupén binh réing .. tAm ‘qudy tife<thoi (2 ti€p

con 18~ hypocycloid.
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diém cia 2 vong lan hoac 2 vdng tam tich) nén cdn c6 tén goi 12 truyén
déng banh rang "ngoai tam tich”. -

Theo li thuy&t an khdp thi néu diém ti€p xdc ndm cing xa trung
tam tc thai thi van to¢ trrot gifta hai mat rang an khép cang 16n, do vay
hién suit cang thidp va cang chéng mon. Tuy thudc loai dn khép "ngoai
tam tich" nhung & truyén dong bdnh ring con lan van t8c trugt lai rat
thdp. bdi vi vin t6¢ gée twong d6i o, rat thap.

W, Z,-2,

®,, =|o, —0,| =, =
‘2

i

(1016
®, | (  )

Khi Z,-Z, = thi 0, =, 1/Z,

Mot dic diém ‘nita ddng hru ¥ cha cdc truyén dong in khép
cycloid néi trén 1a vé nguyén 1y thi tat ca cdc con lan déu ddng thai tiép
xtic vdi mat rang tuong tng, cho nén kha néng truyen luc 1a rét 1dn. Dicu
ndy xudl phdt tir 1y do 13 tAm cua tat ca cac con lan déu nam cich déu
dudng D,D, va bién dang cua rang an khép vét con lan lai 1a dudng bao
hinh ciia cédc vi tri con lan, cich déu duong D,D,. Diém 1iép xic giia bién
dang ring va con lan s€ 1a diém ma phdp tuyén cla bién dang ring di qua
t&m con lan.

Tuy ring t&t ¢i cdc con lin déu déng thai tiép xiic véi mit ring
tuong tng, nhung vi truyén lye chi theo mot chiéu cho nén t6i da 1a chi ¢6
nira s§ con kin tham gia vao &n khop. Vay hé sd tring khdp cta bénh rang
‘con lan cycloid la:

L_Z | |
-4 10.

9 | B ( 17)
v4i Z. - sG rang con lan. Thlrc t€ s6 rang con lan tryc ti€p tharn gia an

Z .
khp 6 thé it hon "5* do sai s& ché tao va Ip rép.

‘Pic diém cdc con lan déu déng thi tiép xiic néi trén dd 1y gidi vé
mot wu di€m nita cla bod truyén banh rang con lan cyclmd 1a 1am viéc ém
khi dao chiéu.

10.2.3. Truyén dong vit dai éc bi.

Truyén déng vit dai dc bi (ball screws) dugc dung d4u tién trong
co cdu tay ldi cha 6 t0 0 hang General Motors. Nhimg nam d4u ciia nhitng
nam 50, Beaver Precision 12 hing d4u tien thi&t k& va ch€ tao by truyén dai
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Sc bi cho cic méy difu khién sd.
Ngay nay da rdt nhiéu hing sin xudl
b6 truyén vit dai 6¢ bi, phiéu cdi tién
méi va tng dung rdt rong rai trong -

ohiéu Tinh vic, trong d6 ¢ k¥ thuat
robot. Cong dung cha yéu cla bo _

truyén vit dai Gc bi Ia dé bién chuyén 9 .S

dong quay sang chuyén déng tinh w
ién. Nhiém vu nay cé thé dugc thuc ‘

hién bing bo truyen thanh rang - binh 4

rang hoic bd truyén vit dai O¢ thudng.
Tuy nhién, nhy trén hinh10.11 mo ta
o truyén vit dai &¢ thudmg,. vi duy, vit
dai &c ren hinh thang (hinhl(:1 1a) thi
ti€p xic gilta dai 6c va ren vit 12 ti€p
xtic gifta 2 bé mat, nén tén that ma st
o5t 16n. Con néu cho chen bi gifra 2
mat ren 1om cla dai &c va vit (hintl0:11b) thi hi¢u suAt ctia bo truyén ¢é
thé 1én 161 90%. Tuy nhién dién tich ti€p xic lai bé di, nén kha nang chiv
tai thdp hon. Vi vay phai chon tua hop 1i quan hé¢ dudng kinh vién bi va
dudng kinh tiét dién cat ngang cta céc ranh lan, phit hop cdc diéu kién
gmg dung cu thé, nhu t6c 40 di chuyén, hi¢u tng mang ddu thuy dong,
kich c& bo truyén v...v.

2

Hinh 10.11. So d6 tiép xic
trong bd truyén vit dai 8¢ bi

Hinh 10.12. So d6 k&t cfu b6 truyén vit da Scbi
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 Ké& cfiu bd truyén vit dai 6c bi ngay nay di c6 nhiéu loai hinh
khdc nhau, vi du, vit dai 6c bi cé thé Iuan chuyén bi trong rénh, hogc vit
dai 6¢ lan c6 chuyén dong con lan hanh tinh (planetary roller screw) v.v...
Trén hinhi 012 gidi thieu so d6 két cdu bo truyén vit dai Sc bi loai thuong
dung. '

Nhu trén di nhéc, viéc chon lua hinh déng va kich thude ranh bi
lan c6 lien quan nhiéu dén cong nghé ché tao va kha nang dat duoc do
chinh x4c gia cong. Trong {51] dé cdp dén vin d¢ tao hinh cac mat ren
1dm. ' '

Cic wu didm chis yéu ciia truyén dong vit dai 6c bi Ia higu sust
cao, d6 chinh x4c dinh vi cao, d6 bén cao va mémen khdi dong thap. Tuy
nhién, gid thanh tuong d6i cao va dbi hot bdo dudng, tu stra thudng
Xuyén. ' .

16.3. UNG DUNG TRUYEN DONG DIEN

Truyén dgEg dién dugc ding khd nhiu trong k¥ thuat robot, vi ¢
nhitng wu diém fihy 12 diéu khién don gian khong phai diing cic bo bién
d6i phu thém, khong gay bin cho moi trudng, cic loai dong co hién dai
c6 thé 14p truc ti€p trén cdc khdp quay v...v.

Tuy nhién so véi truyén déng thuy khi thi truyén dong dién c6 ty
1é thdp giita cong suat truyén trén mot don vi Khéi lugng va thong thuong
ddi hoi kem theo hop gidm téc céng kénh vi trong tay mdy t6c d¢ quay
rét chim v.v....

Trong k§ thuat robot vé nguyen tic ¢6 th€ ding déng co dién céc -
loai khdc nhau, nhung trong thuc t€ chi c6 2 loai duge dung nhiéu hon ca.
D6 12 dong co dién mot chiéu va dong co bude.

Ngay nay do nhitg thanh c6ng méi trong nghién ciu diéu khién
dong co xoay chiéy, nén ciing c6 xu hudng chuyén sang st dung dong co
xoay chiéu d€ tranh phai trang bi them bo ngudn dién 1 chiéu. Ngoai ra
loai dong co mot chiéu khong chéi gbp (DC brushless motor) cling bt
~ déu duge ting dung nhiéu. ) -

;0 3.1. Pong co dién mot chiéu.
Pai cuong vé dong co dlén mét chiéu
~ Péng co dién mot chiéu gbém c6 2 phén (hlnhl(II‘S)

a) Stato ¢6 dinh véi céc cubn day c6 dong dién cam hodc dung
nam cham vinh ciru. Phdn nay cdn goi 12 phdn cdm. Phin cim taonén tr
thong trong khe hd khong khi. :
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b) Roto véi cac thanh dén. Khi ¢é ddong dién mot chidu chay qua
va voi dong tr thong xdc dinh, roto s& quay. Phan nay con goi la phdn
ing. ®

Trén hinhi613: 1-thanh dan, 2-chéi gop, 3cuon day, 4 - vong 26p

Hinh 10.13. So d8 dong co dien mot chiéu,

Do cach khdc nhau khi b6 tr day cuén phdn cim so véi phén ting
ta ¢6 nhitng Joai dong co dién mot chiéu khac nhau:

- Pdng co kich tir song song.

- Bong co kich ti ndi tiép.

- Dong co kich tir hén hop.

Céc dai lwgng chl yéu xdc dinh su lam viée caa dong co mot
chiéu la: _

U- diéri dp cung cép cta phan tng.

I - cudng do dong dién trong phan (ing.

r - dién tr¢ trong clia phén ing.
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o - tir thong trong khe ho.
E - stic phan dién dong phéan tng.
Csc quan hé co ban khi lam viéc 1a
E=U-1rl=kn¢ ' (L0.18)

k phu thudc vao dac tinh chia day cuén va s6 thanh dan tdc dung cua phan
ing.

Tu (10.18) cé céc nhan xét sau:

1)Kh&i dong E bang 0 khi mé méy, chi ¢6 dién trd phan tng r rat
nho han ché dong dién. Vi the can phai ¢6 bién tré md mdy dé duy il g
gid tri thich hop.

2) 8§68 vong quay:
Uu-1Ir |
ke (10.19)

Vay. diéu chinh t6c 40 c6 thé tién hanh bing ‘cach tic dong vio
dién ap U hodc téc dong vao tir thong ¢.

n=

3) Momen dong C xdc dinh tir phwong trinh can bang cong suat.

El = 2anC (10:20)
Ké&thop véi  (9.18), ta cé:
kgl
C =27 G021,
T

Piéu chinh toc d¢ déng co dién mot chiéu.

Vé phuong dién diéu chinh toc do thi dong co dién mot chiéu co -
nhiéu wu viét hon hén cdc dong co khdc. Kha nang diéu chinh toc 4o d&
dang trong dai rong va c6 cau triic mach luc va mach diéu khién don gian.

Nhu d3 néi & trén, ¢6 2 phuong phap co ban dé diéu- chinh toc dé
dong co dién mot chidu:

- Tac d(‘jng lén tir thong & thong qua viéc diéu chinh dién ap dong
kich tir.

- Diéu chinh dién ap phdn Ung.
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Khi diéu chinh toe do tir 0 dén toc do dinh muc bang cach giir it
thong khong d5i va tdc dong vdo dién 4p phin tng U thi momen s& Khong -
déi. con cong sudt tang theo toc do.

Khi diéu chinh e do tir O dén t6c do dinh mic bing cdch tdc |
dong len tir théng va giir dién 4p phén {mg khong déi thi cong suat khong
déi, con momen giam theo toc do.

Khi tit thong tién vé 0 thi ¢ do tien dén vo cling {10,191 Vi vay
khi khong ti dong co kich tit ni ti€p cd t6c dd qud 16n, cic loai dong co
kich tir song song hoac hén hop déu qua téc 4o néu ¢it mach kich tir clia
no.

Pdo chiéu quay.

Chiéu quay cia phén éng phy thudc vao chidu dong dién trong
day quén phan tng va chiéu cla tir trudng. pPé d6i chiéu quay cha dong
co dién mot chiéu cdn ddi hodc chiéu cia tix thong (tie 14 chiéu cta dong
dien kich tir) hoac chiéu dong dién phén Gng.

..10:3.2 Pong co budc.

Nguyén tdc hoat dong.

Trén hinh 10,14 12 so dé dong co budc (stepping motor) loai don
gian nhat diing nam cham vinh clru gbm stato ¢6 4 cuc va roto ¢6 2 cyc.
Néu cap dién cho cudn day a o' thi roto s& dimg & vi tri ma dong tir qua
cuén day 12 16n nhat. Néu cdp dién cho cuon day B B’ thi roto s& quay di
+90° (phy thudc vao chi¢u dong dién cip vao). Khi dong thoi cép di¢n
cho ¢4 2 cudn day o va P thi roto & dimg & vi tri gifia 0" dén 90" va néu
Jdong dién vio 2 cudn day hoan toan nhu nhau thi roto s¢ dimg & vi tri 45".

Hinh 10.14. So dd nguyén Iy hogt dong cua dong co buoc
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Nhu vay, vi tri clia roto phu thudc vao s& cuc duge cdp trén stato
va vao chi€u clia dong dién cap vao.

Trén day 1a so d6 nguyén 1y hoat dong cla déng co budc loai ¢6 it
cyc va dung nam cham vinb clu. Trén co s& d6 ¢6 thé tim hiéu céc loai
déng co ¢6 nhiu cyc va diing nam cham dién ¢6 tir tinh thay déi

Va) la tuy theo cach cﬁp dién cho cdc cudn déy trén stato c6 thé
diéu khién céc vi uri dimg cua rotor. Viéc cép dién vio cic cudn day cé
thé s§ hod, cho nén c6 thé hiéu dong co budc la mot loai dong co dién,
chuyén cic tin hi¢u s& ddu vao thanh cic chuyén déng co hoc timg nic &
dau ra.

Uu nhuoc diém.

Vig¢c st dung ching trong hé thong diéu khién ¢ nhiéu thuan loi:
- Khong can mach phan héi cho ca diéu khién vi tri va van t6c.

- Thich hop véi cdc thiét bi diéu khién s6.

Uu diém 16n nhat cia dong co budc trong diéu khién vi tri Ia
khong can phan hoi (khi diéu khién chinh x4c s6 budc quay ciia dong co,
4€m s6 budc ¢6 thé xdc dinh vi uf chinh x4c mi khong c4n dén phan hoi
vi tri) va diéu khién s6 truc ti€p (ghép néi truc 1i€p v&i may tinh), V&i kha
niing diéu khién s6 tryc tiép, dong co budc trd thanh rat théng dung trong
cic thi€t bi hién dai nhu robot cong nghiép, may céng cu diéu khién sO
cdc thi€t bi ngoai vi clia mdy tinh nhu trong may in kim, bo diéu khién &
dia may vi tinh, mdy ¥&. v.v...

Tuy vay, pham vi tmg dung clta dong co budc van 13 & viing cong
sudt nho va trung binh. Viéc nghién ciru nang cong suit ciia dong co budic
dang I3 van dé rat duoc quan tam hién nay. Ngoai ra néi chung hiéu suat
cuia n6 thap hon so véi nhiéu loai dong co khic.

Cdc thong s6 cua déng co buoc.
Goc quay:

Bong co budc quay 1 géc xac dinh dng v6i mbi xung kich. Géc
budc 8 cang nhé thi do phéan giai vi tri cang cao. S6 budc s 1a mot thong
$O quan trong.

360° -
s= 0 . (10:22)

Toc do quay va tdn 56 xung

Toc 46 quay cla dong co budce phu thuc‘)c. vao s6 buéc: 4r0ng 1
giay. P6i vai hdu hét cdc dong co budc, s6 xung cdp cho dong co bing s6
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budc nén t6c do cé thé tinh theo tdn s6 xung f. Téc do quay clta dong co
budc tinh theo cong thirc sau:

_ 6ot
s

n (10.23)

trong dé: n -~ toc do quay (vbhg/giay)
f - tan so budc (H,)
$ - sG budc

Ngoai ra ¢con cdc thong s6 quan trong khac nhu do chinh xdc vi tri
va ty s mdédmen va quén tinh roto. D6 chinh xdc vi tri ca dong co bude
phu thudc vao dic tinh clia dong co, vao do chinh xdc ché tao v...v. Ty 38
moémen v guan tinh roto ¢é anh hudng quyét dinh dén kha nang dimg
ngay khi chudi xung diéu khién da ngat.

Cdc loai dong co bude.

Tuy theo kiéu cia roto, déng ¢o budc duge chia thanh cic loai
sau:

- Pong co budc Joai tir trd bien déi (VR).

- Pong co budc nam cham vinh ciru (PM).

- Dong co budc kiéu lai (hybrid).

Tuy theo s6 cudn day doc lap trén stato dong co budc duoc chia
thanh cdc loai: 2 pha, 3 pha hoac 4 pha.

Pong co bude ¢6 thé duge phan theo cach néi day, khong lién
quan dén 6 pha. Trén hinh! 0.15 giGi thi¢u céc cach ndi day:

a/ 2 pha: 4 dau day b/ 2 pha: 6 dau day
¢/ 2 pha: 8 ddu day d/ 3 pha: 4 dau day
¢/ 4 pha: 8 diu day f/ 4 pha: 8 dau day (n6i ti€p)

Roto ¢é nhiéu cuc, cdn goi 12 ring. S& cuc cha roto phdi hop véi
6 cuc cla stato xdc dinh gid tri goc bude 6. Nhu biéu thirc( 10.22)cé gée
budc © bing 360" chia cho s6 budc s. Géc bude 16n nhat 1a 90° tng véi
doéng cd ¢é 4 bude. Phan 16n nhitng dong co bude hién nay ¢d $6 budc
§ =200, nén 6= 1,8".

S6 budc cang 1dn, do phan gidi cang cao vi dinh vi cang chinh
xdc. Trong thye t€ ciing khong thé tang s6 budc 1én qud cao. Tuy nhién,
c6 thé diing cong nghé tao buéc nho dé chia budc thanh 2 nira bude hodc
tir 10 dén 125 bude nhd. DE hidu ban chit cha cong nghé niy, trd lai hinh
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10.14, nhan thay riing ¢ thé lam cho roto dimg lai & nita dudng néu cung
cip dong dien nhu nhau cho ca 2 cudn day o va p. Cong nghé 1@o budc
nho. doi khi con got la tao vi budc, chi don gian 1a m@ rong phuong phap
n6i trén cho nhiéu vi titrung gian bang cach cung cip nhimg gid trl dong
khic nhau cho mdi cudn day. Kich thudc budc nho thuting hay dung nhat
1a 1/10, 1/16/ 1/32 va 1/125 cha budc day. U'u diém hién nhién cia budc
aho 13 ¢6 do phan giai tinh hon nhiéu. Vi du, néu cé 125 budc nho trong
mot bude vai 200 budc trong mot vong quay thi d6 phan gidi la 200x 125
— 75000 budc nho trong mot vong quay.

R 6

Hinl)_"__l_().15. Pha ctia dong co va cdc cach néi day.
Péng co bude loai tir trd bién doi (VR).

Roto ctia dong co bude VR lam bang st non ¢6 nhiéu rang. Stato

Hinh 10.16. So d6 dong co hric VE
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cling c6 cic rang cung cudn cam (hinh!/0.}6). Khi dong dién chay qua
mot cudn cam trén stato sinh ra mot tir trudng 1am cho rang trén roto bi
hit diing thing hang véi ring tuong ng trén stato. Khi dong dién duoc
cap sang mot cudn cam khdc, roto chuyén dich mot gée bude. Géc bude
cua dong co VR thudng la 7.5" hodc 15°. Pac diém clia dong co bude VR
1 do roto st non ¢é quén tinh nhé hon cdc loai khdc, nén cho phép ddp
ung nhanh hon. Tuy nhién do roto khong ¢é tir trudng nén khong co
momen du do d6 khi ngiing kich thich dong co $& con quay tu do.

Déng co bucc nam chiam vinh ciru (PM)

Bong co budc PM ¢6 tir trudng trong roto nén ¢6 mémen giir khi
dong co khong duge kich hoat. Méi rang cua tir trudng déu huéng truc
cuc tinh 1a nam hoac bac. Trong k¥ thuat hi¢n dai roto duoc 1am & dang
dia mong bang vat liéu tir tinh dac biét. Dia duge nhiém tir t&i 50 Cap cuc
nam - bac xen k& nhau. Mot s6 dong co budce ¢6 tir trudng duoc dua vio
stato d¢ tang tir trudng va tao ra momen I6n hon. Pong co bude PM doi
hoi it nang lugng kich hoat hon cdc loai déng co bude khic. Chiing con
¢6 dac tinh tat dao dong 16t hon. Géc bude clia ching bao gém tat ca cic
géc budc chuan 1,8% 7,5 15 30" 45" va 90". Trén hink10.17 13 so do
ddng co budc PM 4 pha.

Hinh 10.17. So d6 dong co budc PM 4 pha.

Pong co budc kiéu lai (hybrid)

Dong co bude kieu lai két hop cac dac tinh cia dong co bude VR
va dong co budc PM. Dong co bude kiéu lai ¢6 nhiéu rang roto hon v
momer 16n hon (hinhl0.18). Céc géc bude theng dung ctia dong co bude
kiéu fui in 09" va 1,8%"
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Hinh 10.18. So ds déng co budc kiéu lai
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CHUONG XI

+

TRUYEN DAN PONG THUY KHI

11.1, CAC KHAL NIEM CO BAN

Trong k¥ thuat ngudi mdy cong nghiép réit hay dung cdc hé thong
truvén dan thuy luc hoac Khi nén. Trong cdc hé thong nay nang lugng

duoc truyén di bang chdt long hoac chit khi dudi tac dung cia ap luc tao
ra tir cdc ngudn mdy bom, may nén.

Ap suét p clia chét 1ong hoac chat khi ¢6 thé hiéu nhu noi the
nang e, trong mot don vi thé tich. Thudmg diing don vi do la pascal (p.)
hoic bar (1bar = 10" p,).

Ngoai ra con phin thé nang e, phu thuge do cao cua chat long
hoac chat khi duéi téc dung ca siic hiit trong trudng. Tuy nhién trong tay
may su thay 881 do cao nay khong 16n nén ¢6 thé bd quac,.

Mat khéc chat 1ong hodc chat khi chuyén dong trong hé thong voi
van tdc u tao ra mot dong nang tinh trén mot con vi thé tich fae, = 1/2pu’
(p }a mat do).

Nhu vay co thé xem xét hai nhém phuong phap bién doi nang
luong clia chat long hoac cda chat khi thanh co nang: phuong phdp tinh
va phuong phap dong.

DGi véi cac phuong phédp dong, déu dugc cho rang. th€ ning cla
chdt 1ong hodc chat khi thoat ddu s& bign thanh dong nang tao néco s
chuvén dich véi-van t6¢ nhanh din. Do vy tao nén nhing hi¢u dng dong
luc, chdng han nhu trong tuabin v.v...

Trong k¥ thuat nguoi mdy cong nghiép cdc co céu thuy khi
thuone, ¢6 cdc chuyén dgng khong fien tuc, van tdc thap va thuong gla
tang rhimg iyc phanh him. Bi vay khi khiao sat cac truyén dong thuy khi
trong tay may thudng dung céac phuong phap tinh.

DGi véi cac phuong phdp tinh nang luong duge bién doi truc tiép
(ir the nang cia chat 16ng hoac chat khi. Do vay ¢6 thé tinh luc F (hedc
momen dong M) cia chat 1ong hoac chat khi tic dong lén phén dong cua
co chiu, ty 1& véi do chénh léch dp sudt:
F=S(p -po) (14.1)
M=C(p, - P2 (11.2)

20635



voi S - dién tich: C - thé tich.

{1.1.1. Céc phuong trinh co ban & ché do lam viéc binh on.

1. Quy ludt bdo toan khoi lugng.

Theo quy luat nay thi khéi lugng chat long hoac chat khi chuyén
qua cac doan 6ng dén ché c6 dién tich S, v8i luu luong g, va chd cd dién
tich S, voi luu lugng ¢,, déu nhu phau, tidc 1a:

Py i = P2z

Boi vi chat 1ong khéng nén dugc nén xem mat do p, = p, = censt,

Do vay,tacd .
q = g (11.3)

Con d61 véi chat khi, mat do chét khi phu thudc vao ap suat, boj
the:

9 # Qs

2. Quy ludt bdo tén ndng liuong.

Theo quy luat nay ddi vé&i chét long 1y tudng khong nén duge thi
trén mbi doan ctia hé thuy lyc (néu & day khong c6 ngudn bd sung thém
hoac 161 thit thodt di) déu cé gid tri ning luong tng vdi mot don vi the
tich 13 khong déi (phuong trinh Bernoull).

LI +lpu2
P Zpl P 7 2
hodc la:
1 g 1 g, n
+—p(E) = p, +— p(Z% i
P, 2»0(5[2) P, 2;0(55) (11.4)

Dai véi moi trudng chat nén duge, nhung néu chénh léch ap suat
gay ra luc noi ma sat 14 Khong déng ké, thi ¢6 thé sit dung phuong trinh
trén nthu phép tinh gan ding.

3. Ton thdt ndng luong.

Trong thuc t&€ nang lugng cua dong chat long hoac chat khi khong
duge bao 16n hodn foan vi ¢6 tén that doc dudng di hoac do ma sat vdi
thanh 6ng, hoic do thay déi dong chay v.v... Nang lugng ton that A7 uén
mdi doan 6ng dan cd tiét dien khong ddi phu thudc vao dac tinh cha dong

“chay:
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Khi chdy tdng cic dudng dong déu song song vdi thanh dng. Tuy
nhién chat 1éng thuc t& cé do nhét (dic trung bang hé s6 nhdt 1) cho nén
khi chuyén déng c6 xuat hién lyc noi ma sdt gidta céc 16p chat long hoac
v6i thanh éng. Bdi vay su phan b van t6c cac ddng chdy la khong déu,
16n nhit & chinh giita 6ng giam dan & sdt thanh dng. Dong thoi cling do
fyc ma sit d6 ma mot phan nang luong bién thanh nhiét. Nang luong tén
that nay ti 1& thuan vai [uu lugng:

Ap =Ry (11.5)
Vi du, doi v6i 6ng dan hinh tru chiéu dai L thi:

L
sz}

R = 32 1 (

Khi chdy roi thi cac dudng dong khong con song song vGi thanh
éng nita mA ¢6 thé phan bo lung tung xung quanh mot dudng truc trung
binh nio dé véi van téc u. Sy va cham gilfa cdc phan wr chat long (hoac
chat khi) véi nhau hoge véi thanh ong s€ sinh nhiét va lam mat mat ning
lugng. Nang luong t6n that nay khong phu thudc vio hé s6 nhét p ma xdc
dinh boi déng ning cia dong chay.

1, q’ )
Ap= =T :
p=,5p(,)=m (11.6)

véi & - hé s khong thir nguyén.

Viéc chuyén tir chdy ting sang chdy 16i s& xay ra khi luu luong g
vuot qud mét gid tri g, tng véi mot dai lugng R, khong thit nguyén nao
d6, R, goi 13 s6 Reynolds. Déi v6i Sng dan hinh tru dudng kinh D:

_ A4py
R, =
tDu

{1.1.2. Cic phuong trinh co ban ¢ ché do lam viée chuyén
tiép.

i. Phutong trinh trang thai khi.

—- =const 1<k<y
p

Phuong trinh dac trung trang thai nhi¢t dong hoc cua chat khi la
phuong trinh lién hé gitia méat do p va ap sudt p.
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Trudng hop k = I qué trinh 13 ding nhiét. Khi chat khi chuyén tir
trang thdi nay sang trang thai khdc mot cach cham chap thi qua trinh trao
déi nhiét v6i moi trudng hoan toan thuc hién duge vi nhiét dé cha chat
khi xem nhu khong dé6i. Viéc chuyén ti€p dé tmg véi dinh luat
Boyle - Mariotte:

P:RT

0

Trudng hop k = y qud trinh 1a doan nhiét. Khi chat khi chuyén
trang thai tuong déi nhanh thi qué trinh trao déi nhiét véi meéi trudng hau
nhu khéng cam thdy. Viéc chuyén tiép dé tng véi dinh luat Laptace:

= const
p’
b6i véi khinén y = 1,404,
Tix truding hop chung c¢6 thé viét:
dp_ p dp
dt  pk dt

2. Phuong trinh ha lirong

(11.7)

Khio sdt mot binh chda ¢d thé tich V, chiu dp sudt déng nhat p.
Goi q, va q, 1a luu lugng & dau vao va dau ra. Diéu kién bdo ton khoi
luong bén trong binh giita hai thoi diém t va t + dt c6 thé biéu dién dudi
dang:

pqdt - pgdt = d(pV) = Vdp

Tir do:
Vdp
q4; =4, =
1 Yo o dt
thay (11.7) vio vé& phéi phuong trinh ta ¢6:
4, 4, = v odp '
[ 2 pk dt (1 .1‘8)

O ¢h€ do 1am viéc binh én v€ phdi cia bidu thic (11.8) s& bang
knong.
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3. D¢ chiu nén ciia chdt Iong

Chat 16ng c6 thé xem phu mot méi trudmg khong nén dugc. Tuy
nhién ¢ nhi¢t d6 va 4p sudt nao ¢6 thi mat do6 cha chat long thay déi. Cé
thé ddinh gid do chiu nén cha chat léng bang hé s6 nén thé tich P. dg-
trung cho sy thay ddi the tich twong d6i khi 4p luc bien d6i mot dai lugng
dp:

_lav
V dp
Vi khi the tich thay déi mot dai luong dV thi mat d¢ p ciing thay
déi mot dai lugng dp:

B

dv _dp
vV o p
Goi modun chiu nén B 1a s& nghich déo cia B:
_ pdp
dp

Nhu viy thit nguyén cia B tring vdi thit nguyén ctta 4p suat.
Thudng thudng B ~ 1500MPa. Khi 4p suat tang thi B tang cham, con khi
nhi¢r d¢ tang thi B gidm. Diac biét B phu thuse vio lugng khi 1an vio chat
long.

Trong trlffmg hop nay phuong trinh heu lugng ¢6 dang:
V dp .
Fll_qz ZEE (?1_1_.9)
4. Anh huong do tha y d6i hinh hoc

Xét phuong trinh luu lugng khi thé tich V thay déi theo thai gian.
Vi du, thay ddi thé tich chita trong xilanh do vi tri ciia piston hodc trong
ong xép do sy dan héi cha Sng v.v... Trong cdc trudmg hop do thi:
d(pV) = Vdp + pdV
Khi d6 thay thé cho bi€u thic (11.8) ta cé:
'y . .
4, -q V dp N dv _ .
- =t/ 11.10y
T s dt dt G1.10)
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dVv
Got ¢, = ‘CE' I3 luu lugng bi€n dang. Trong da 0 truong hop ll':é'

tich cac Joai xilanh ¢6 quan hé tuyén tinh véi do dich chuvén dai hodc
dich chuyén géc 0.

V=38(x,+ x),
hoic V=C(6+9.
dx .
Do vay: Cld=5'd—t (1L11)
do |
hoac: Qg = _Ci (11.12)
Tu (11.1), (1‘;-.11)\!3(11.2),(1'1.12) ta c6:
dx
(p,—P)s =F— |
P 2 M4 dt (l?ll‘l3)
do
(P, — P2 = M—d? : (1L14)

11,2. TRUYEN DAN PONG KHI NEN

'11.2.1. Dac diém chung.

Dung khi nén trong hé truyén dan dong robot cé nhiéu thuan loi.
Trude héi do cac phan xudng cong nghiép thuong c6 mang luéi khi nén
chung, cho nén don gidn hod duoc phan thiét bi ngudn dong lyc cho
robot. Vi khi nén c6 thé xa ra khong khi nén khong doi hoi hé thdng dua
khi nén trd lai nhu d6i véi déu ép. He thong truyén dan khi nén tuong déi
gon nhe, dé sir dung, dé dao chidu va khong qué nhay véi nhiét do khi
lam viéc. :

Tuy nhién; diing hé truyén dén khi nén ciing khong it nhuge diém.
Trude hét 1a do dic diém nén duge cia chat khi cho nén chuyén dong do
ching thuc hién thudng kem theo dao déng, khong chinh xdc fic
dimg,nhat la & cac vi tri trung gian. Ngoai ra con cdn c6 bién phap phun
diu boi tron, loc bui, loc 4m vA gidm 6n. ' .

_ Modun truyén dan dong khi nén cho mot bac tu do cha cd cdu tay
mdy thudng bao gom cic bd phan chu yéu nhu dong co, bo phan phén
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Phol, bo  phén diéu chinh van t6c. Cic phan tir va thiet bi khi nén déu
duoc ti¢u chudn hod. Bang du6i day gidi thieu cic phan tu, thiét bi chu
véu cua hé thdng truyén dan dong khi nén va cdc ky hiéu co ban. Ngay
nay dd 6 nhiing chuong trinh mdy tinh vé cdc phan tir va cdc mach khi
nén. Dudi day ta sl dung cdc chuong trinh do.

-11.2.2. Cac bang ky hiéu va tén goi cic phan tir va thiét bi khi
nén

Bang 11.1. Cdc thiét b; chuyén héa ndng lugng

—
N" | Teén phin tir va thiét bi So dé

1 | Mdy nén khi

2 | Bom chan khong

3 | Dong co khi nén 16¢c do
khong d6t véi mot dong
khi

4 | Bong co khi nén téc do
khong déi d6i véi hai
dong khi

5 | Dong co khi nén véi thé
tich chuyén dich diéu
chinh duge mét dong khi

Esiiele e
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tiép bang 11.1
l

Téen phén tir va thiét bi So do

pong co khi nén vl thé
tich chuyén dich di€u
chinh duoc hai dong khi

Xilanh tdc dong don, W E—
chuyén dong lui nhd luc Ll f

bén ngoai.

8 | Xilanh tdc dong don, YARY, ift

chuyén dong ldi nho 16
X0

9 | Xilanh tic dong kép vl T
piston mot ddu can

1
10 | Xilanh tdc dong kép vt T—1 T
piston hai ddu can

11 | Xilanh vi sai v6i piston t:jF;g

mot ddu can
12 | Xilanh tic dong kép hai j
ddu c6 goi dém dicu 1T X
chinh dugc
[ _
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‘Bang 11.2. Cdc thiét bi diéu chinh ndng lugng

Céc van diéu khién hiemg

N Sudd
1 | Van din huéng 2/2 thudng l*‘
déng T ;|_
A
I
2 | Van dan hudng 2/2 thugmg ma I T
7|
7
3 | Van dan huéng 3/2 thudng T \
TT
dong Pl
1
4 | Vandan huéng 3/2 thudmg mé ‘_; T T
P [%
. . . Al :
5 | Van dan hudng 3/ 3 & vi tri T
gilfa déng + T T M
rlolg
3[ |A
6 | Van didn hudng 4/2 [Z TL
| &
BI IA
7 | Van dan hudng 4/3 vi tri gilta E mE==
' TT
Al &

dong
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-
N Cdc van dién khién hiong Ser dds
By A
8 | Van din hudng 4/3 vi ui tha %4 T L
néi 1z
81 A
9 | Van din hudng 5/2 A- fAN A
El |A'
10 | Van dan hugng 5/3 vi tri gilia lf -t W
d/ T3
ong R P S
N Van mot chieu: So dé
| Van khod khong 1o xo \O
2 | Vankhod c6 10 xo @ VVV
I 1
1
|
3 Van khod phu trg _L-<'O_
A
4 Van con thoi L e Y
[~ 1
, X Sy
5 | Van xa nhanh <O 7
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Tiép bang 11,2

N" Van diéu dp So dé
P
1 U r
Van khong ché ap, diéu chinh L
duoc r
I
S [A Uy
“ | Van dat néi tiep, diéu chinh Z‘_.I '
duge. cé 16 xa :
B
|©
3 . _— .
Van chinh &p khong 15 xa. - 1 /y)O‘V
diéu chinh ducre |
L__{A
1 Fl AR
Van chinh dp, co 16 x4, diéu _J— %
. -
chinh duoc '
By
N" Van 1iét hia So dé
i Van i€t luu véi midic khéng —”
ché& khong déi —
2 Van mang véi mic khong ché V
kiidng déi : A
3 | Van ti€t lvu diéu chinh duoc.
tic dong bat ki
—®
4 | Van tiét lru diéu chinh duroc, I

tic dong co hoc chéng Iai 1o
xo ty hdi
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Van dong kin (Van khod)

Van déng kin, biéu dién don
gidn hof

Van tiét heu véi van khod méc
song song

Van tran diéu chinh duge

Van mang tran, di¢u chish
duge

Ngion trivén nang liromg.
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Tiep bang 11.2

Bo phan ly nude thodt nudc
déng :

N’ | Ngudn truyén ndng higng So dé
10 < o 5
I Lo ra cé ndi &ng dan

11 Digm uép ndi vdi dp suat da
dong :

12 N o . I
Diém 1iép ndi véi dp sudl co D
dudng noi
Khdp néi ngéit nhanh, da tich, > (

13 van déng kin éng dan.

_Khép ndi ngat nhanh dé tich, C> (

14 ong dan dong

15 Thiét bi giam am _ —rr__lj__ﬁ:"

1o 1 Binh tich khi Q

17 | Boloc “<{>—

18 | Bo phin ly nude thao tic bang
tay

19 Q

2717
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Tiép bang 11 [2

N Ngudn truyén nang liong So dé
20 Bo loc, phén i nude ur dong @
31 | ‘Thiét bi sdy @
22 | Thiét bi bdi tron ‘<>‘
Thiét bi phu trg (bo loc, van :
23 | chiph dp. thiet bi boi won, &p | — | (A I
k&) biéu dién don gidn hod H _
24 Thiét bi lam mat
Bang 11.3. Cdc phuong tién tdc dong
]i_;“ - Thiét bi diéu khién bang tay, chan Ky hiéu
1§ Chuéng '
2 | Niit bdm ( |
3 | Tay cam /
4 ; Bandap Q




N Biéu khién co Ky hiéu
! Con truct (
* | WA
300 . i [
Cin con lan @:
4 . _ .
Cin con lan tu hoi
N Biéu khién dién Ky hiéu
1 a' .
Ong day | cuon tic dung z
2 6ng day 2 cuon tdc dung
ngirge chiéu ‘ . E
N Diéu khién khi nén KY hiéu
1 Lt s
Truc 11€p bang tran dp -
2 R ~
True tiép bang tran ip —
3

'| Gidn 1i€p bang cdp dp

Tigp bang 11.3
T.
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Tiép béng_l}l_ 3

5_ - e
N Diéu khién kii nen Ky hiéu '
Gidn 6i€p bang tran dp —-I-E[:
N Diéu khién két hop Ky hiéu
! | Ong day va van diéu khién Z]Z
2 | Ong day hoac van diéu khién Z
3 6ng day hoac van diéu khién }ﬁaﬁvév
bang tay <6 10 xo ur hoi [/ ]
N¢ Cic éng nsi Kv hiéu
S Céc duong jam viéc A B.C..
2 | Budng tigp khi, tiép noi Khi P
nén R.S. T
3 | Difm théi, xa L
4 | Duong didu khién Z.Y.X ...
]

11.2.3. Tinh toan va chon lua xilanh khi nén.

Khi thiét ké he théng truyén din dong khi nén thi xilanh la phéan
tir cdn phai tinh todn nhat. Goi chung tén goi la xilanh cho ca 2 trudng
hop nang lugng khi nén duge chuyén thanh chuyén déng tinh tién hoéc
chuyén dong quay. Truong hop thi 2 con goi 12 xilanh quay hoédc dong co
khi nén (pneumatic mqtor). .

Trong..bing 1}l =6 loai xilanh tic dong don (single acting
cylinder) va xilanh tdc dong kép (double acting cylinder).
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Trong cdc xilanh tdc déng don, khi nén vao mot phia dav piston
theo chiéu ngudc lai, tr& vé vi tri ban ddu véi tdc do di nhanh. Hanh trinh
cua piston phai nhé hon hoic bdng chiéu dai cua 1o xo khi chua bi nén,
Céac xilanh don ciing cé nhiéu kiéu khic nhau tuy theo cong dung. Cic
loai xilanh don dung chn y&u kep, phun, nén, nidng va cap li¢u v.v... Lop
vat liéu pht ngoai piston. vi du nhu tefton, dam bao vira kin khit, vira it
ma sat va 1au mon.

Trong céc xilunh tdc doéng kép, khi nén c6 thé day piston chuyén
déng tinh tién va ca chuyén dong lui. Hanh trinh piston khéng bi han ché -
nhung phai tinh téi t6c dé uén vong cna can piston.

Xilanh tdc dong kép c6 loai piston véi 1 diu can hoac 2 dau can.
Loai 2 ddu céan 1a loai cin piston kéo dai ca 2 phai chay doc sudt chiéu
dai xilanh.

Loai nay c6 nhiéu vu diém nhu:

- Luc tic dong bang nhau & ca 2 chiéu chuyén dong vi dién tich
hitu ich cha piston & 2 phia déu nhu nhau,

-Co thé chin dugc tdi ngang nho vi cdn piston xem nhu mot truc
lap trén 2 O tya.

Xilanh tic dong kép thudng cé két cau 2 ddu ¢é gidm chdn dié¢u
chinh duge. D€ trdnh va cham manh, nhit 1a khi dich chuyén khoi lugng
16n, ngudi ta tao ra nhimg cdi dém & vi tri cudi hanh trinh. Khi dén vi tri
cudi, piston dém chan dudng ra cha khi nén va thay vao dé c¢é mot 16
thodt rat nho diéu chinh duge. Khi nén ¢ phan cudi xilanh dugc nén va
thodt ra tir tir qua van ti€t lwu mét chiéu. Vi thé piston chuyén dong tir tir
dén vi tri tdn cling.

C6 loai xilanh ti€p doi va xilanh nhiéu vi tri.

Co cau xilanh 1iép doi gom 2 xilanh tic dong kép, ghép néi tiép
nbau tao thanh nhu mot khéi duy nhét. Khi tidc dong déng thai thi luc trén
cén piston tang gdp d6i. Ngudi ta ding loai xilanh nay khi ¢an lyc 16n ma
dudng kinh xilanh bi gidi han. Hinh 10.1 1a so d6 co cdu xilanh tiép doi.

: ‘\\\‘
T

Hinh 11.1.
. Xi.‘arih tiép déi

A
I

By -
Ty —a -
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Hinh 112 Xilanh nhiéu vi tri

Xlanh nhiéu vi tri gdm 2 hodc nhiéu xilanh tic dong kép ghép néi
ti€p nhau. Tuy theo timg xilanh hoat ddng riéng 1€ ma t6 hgp chiing s&
dat duoc nhiéu vi tri khic nhau. Véi 2 xilanh, nhu hinh 11.2, ¢6 4 vi tr
khic nhau. Loai xilanh nhiéu vi tri thuong duge ding dé phuc vy cic co
cau phan loai san phim. O méi vi tri img véi méi loai san phdm.

Dé thuc hién nhiéu vi tri cdn ¢6 thé diing céc xilanh 16ng téc dong
don (hinh 1'1.3a) hoac tdc dong kép (hinh 11 3b). Ching ¢6 k€t cau nhu [a
c4c xilanh 16ng vao nhau.
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Hinh 11.3. Céc xilanh I6ng.

Céc xilanh quay c6 so d6 két cau tuong tu nhu mot roto cianh gat
nam trong mot than hép kin. Khi nén dua vio trong than hop lam roto
quay.

Chuyén dong quay c6 thé tao ra tir céc xilanh tinh tién tic dong
kép. Trong trudng hop nay trén mot dau hoac 'mét doan cdn piston dugc
tao hinh nhu thanh rang hoac truc vit, an khép v6i banh rang hoic banh
vit. G6c quay c6 the thay ddi theo thong s6 an khdp binh rang. Thudng
diing cdc géc quay 45°, 90°, 180°, 270" dén 720°. Loai ndy dugc ding
trong cdc khdp quay ca robot, trong cd cdu doéng mao van v.v...

Tinh todn luc piston

Lyc téc dong vao piston phu thuéc vao 4p suat khi nén, dudng
kinh trong cita xilanh va ma sit & cdc bo phén ti€p xdc dong:

F.=Ap (14.15)
vor  F, - luc piston ly thuyét (N) )
A - dién tich hitu fch cha piston (m?)
.. P -dpsuat lam vi@c (Pa)
" -Trong thuc t& cdn c6 Iyc ma sdt nén lyc piston hiéu dung F. sé la:

- D61 véi xilanh téc dong don:

F,=A.p-(F. +F). (11.16)
- D6i véi xilanh tac dong kép: o
Khi tién: F.=Ap-F (13,17)

Khi lui: F,=A'p-F (13.18)

Trong céc cong thirc trén:

D’

A=— (m?)
- 4

J
>

[N



. (D -4
A= ”T'__ (m®)

£ - lyc 10 x0 phan hoéi (N)

F,- lyc ma sat (N), thuomg F; = (3% =+ 20 F

D - dudng kinh trong cna xilanh (m)

d - dudmg Kinh cla cdn piston (m)

Vdn téc caa piston

Van t6c di chuyén cha piston {2 ham cta dp suat khi tac dong lén
bé mat piston, luc cAn do ma st giia piston va mat trd trong xilanh va sy
giam chin cudi Wanh trinh v.v... Van 16 piston thuding thay déi tir 0,1 dén
1,5m/s.

Tinh luu lwong khi

C6 thé dung cdc gian dé 1ap san cla hang <an xuat ¢ tinh lwu
lugng khi, hoac tinh theo cac cong thic sau

_Péi voi xilanh tac dong don.

d2
Q:S.n.ﬂf—.Kp, ; (11.19)
_ D6 voi xilanh tac dong kép:
2 2 _ g2 |
Q= S.n.n(—D—A:—_ LD K, (11.20)

Trong do:
Q - luu lugng khi (1/phadt)
S - hanh trinh piston (cm)
n - 56 hanh trinh trong 1 phat
K, -ty s0 nén

Ty 56 nén duce tinh theo cong thirc saw:

1013 +4p sual cung cap (KPa)

K
g 101, 3



11.2.4. So db va phuong phip cdu tao mach khi nén.

Ngudi ta ding 2 phuong phdp ciu tao so dé mach khi nén:

Theo phuong phap thit nhat cic so dé mach khi nén dugc ciu tao

chd yéu dua trén co s& kinh nghiém vai tryc gidc cha ngudi thi€t ke

Phuong phap nay doi hoi tich luy kinh nghiém, phan tich mitc do nhu hgp
clia nhimg so dd tuong tu truéc day ma quyét dinh giai phdp. Trong
trudng hop ndy anh hudng chid quan cla ngudi thiét k€ thuong khong
nho. Tuy nhién trong thuc t& doi khi cdc giai phap nhu thé 1a cén thict va
phuong phap nay van duge ap dung nhu mot phuong phép truyén thong.

Theo phuong phap thit hai, con goi la phuong phdp "hé¢ thong
tang" so dd dugc céu tao tir cic mach co ban mot cich logic. Chi khi nao
céc mach ¢ ban dam bdo chiic nang hoat dong thi méi xem xét dén cac
yéu cdu khdc. Nhimg yéu cau nay dugc xem xét két hop véi nhdu va so
d6 mo rong nmg bude mot. o

Bé'tri so dé mach

Theo
thong & bd
phan cung cap
nang lugng
dugc v& @ pnia
dusi va dong
nang luong
dugc phan bd tir
dudi len. Cac
phan ti, cdc van
dan huéng va ca
xilanh déu vé& ¢

tu the nam -

ngang.

én
hinh 11:4 biéu
thi sy phan bd
tir dudi lén trén:

Ciac bo phan rruyén dong
—® Cic xilanh

Céc bo phan diéu khién
—  Van dan hudng

> Cic bo phéan xir 1§

l Cac bd phén tin higu

J

: Cung c4p nang luong

Tin hiéu ra

X If tin hieu

Tin hiéu VA0

Ngudn nang luong

Hinh 11.4. Cdch b6 tri so d6 mach
At

Trén hinh [1.5 Jggnot so dé mach khi nén theo cich bS tri ndi
trén. & day ngudi ta yéu Hu-la khi an niit b&m hodc ban dap thi can piston
s& chuyén dich sang trdi dén vi tri tan cing tac dong lén van V, dit ¢ d6
s& lam né trd lai vi tri xudt phét. :
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Tuy nhién trén thuc € V, dat & vi ui tan cung khi ddu can piston
van chuyén dich t6i nhung trén so doé lai b6 tri & hang cac > tin hiéu.

—

Hinh 11.5. So dé mach khi nén

Cdc ky hiéy
C6 the ky hieu cdc phdn tir ciia hé théng so dé béang chif s&:
Ky hiéu cdc nhém:

Nhoém O- nhém néng lugng

Nhém 1, 2, 3 ... d6i v6i méi xilanh 1a mot nhém s6.
Ky hi¢u céc nhanh:

0- cdc bs phan tren nhanh dudng 1am viéc.

[- céc bé phén trén nhanh dudmg diéu khién.

2, 4 (s6 chén) - cdc bo phan trén nhanh dudmg lam chuyén
dich piston vé phia trudc.

3,5 (s5 1¢) - cdc bo phan trén nhanh dudng lam chuyén dich
piston vé phia nguoc lai.
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01,02 .v..v. - cdc bo phan khdc nhau trén nhénh duomg lam
. ' viéc.
Hinh 1%-‘;6 minh hoa cdch ki hiéu bang chit s6 trén mot so d6 mach
khi nén.

13
| re
3
X1 10
i Iy
—— X =
FFA
=
r2 14 13
] | ]
] ol MPAN U Con | IS B 17

@

i

ar

Hinh 116 K¢ hiéu bding chit s& trén so dé mach
C6 thé ky hiéu bang cdc chir cdi két hop véi chit sa:

Cic xilanh truyén dong duge kv hiéu biang chir in hoa, cdc b
phan tin hiéu duoc ghi bang chit thidng, vi du, hinh 11.7.

A, B C,... dinh danh cho cic xilanh.

4gs by, €, ... dinh danh cdc cong tic hanh trinh ing véi cac vi tri ddu
clia cdc xilanh A, B, C ...

a,, b, ¢, ... dinh danh clia cdc cong tac hanh trinh g véi cdc vi tri
xéc dinh ctia ddu can piston cua cac xilanh A, B, C

[0,-,

% A

]

Hinh 1?.7. Ky hiéu chix T T
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V& céc duong Jam viéc bing nét lién, con cdc dudng dicu khién
bang nét dit. '

Cic thiét bi trong so d6 mach thudng duge bi€u thi & vi tri khoi
dong diéu khién. Néu khong, phdi ¢6 ghi chi thich hop.

Trong céc van c6 thé hoi déo (vi dy, bang 10 xo) thi vi #ri riueong
dugc dinh nghia 13 vi tri tng véi phan dong lic van khong duoc ghép noi.
Con vi tri ban diu 13 vi tf ting v6i phan dong khi da ghép ndi v6i ngudn
nang luong.

Trén hinh 11.8 biéu thi mot van 3/2 tic doéng bang miit bim va mot
cong tc hanh trinh & vi trf thuding, duge v& & vi tri khoi dong.

SV AN

Hinh 11.8. Van 3/2 va céng tdc hanh trinh,
11.2.5. Cac mach khi nén co ban.

Phén trén d3 noi t6i su da dang trong céc phuong cich thiét k& so
d6 mach kh{ nén. Tuy nhién chiing cé nhimg di€m chung, vi du, déu gom
cic mach co ban vA tir cdc mach co ban ¢6 thé cdu tao nén nhiéu so do
khi nén khédc nhau.

Dudi day s& khao sét cdc mach co ban dudi dang cdc bai tap riéng
6.

Diéu khién xilanh tdc dgng don

Nhiém vu:

Can chuyén dich piston cha mot xilanh tdc dong don . Khi khong
c6 tic dong nifa thi piston trd lai ngay vi tri ban dau.

Gidr:

Dimg mot van din huéng 3/2 thudng déng (hinh 11.9). Khi van
nay dugc tic dong, khi nén chay tir P dén A va 6ng xa R bi déng kin.
Viéc héi dao bang 15 xo 1am cho budng xilanh xa khi tr A dén R va lic
nay cua P lai bi dong.
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IiT
ro &
Hinh 11.9. Didu khién xilanh tdc dong don
Diéu khién xilanh tic dong kép

= hw

Nhiém vu:

Piston cia mot xilanh tic dong kép can chuyén dich di v

a chuyén
dich lai.
[{4 o0
] i
[ L
8 4 5 A
_ I
7 X
. 4
T 'ri) G)P
R 75
P
Hinh 11.10. Bidu khiéh xilanh tdc déng kép.
Giai:

Nhiém vu c6 thé thyc hién duge bang van din hudng 4/2 hoic
van dan huéng 5/2 (hinh 1 L 10).

Piston dang & vi tri tan cuing phia sau, lic d6 khj thong tr P dén B
va tir A dén R trong van din huéng 4/2
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Khi tdc dong vao niit bam ciia van. phin dong chuyén dich 6i vi
tri fam thong dudng khi tir P dén A va tir B dén R. Vi tri piston s€ dugc
chuyén dich 1én phia trude dén vi iri tin cling.

Thoi tdc dong vao nit bam, 10 xo tu héi 1am cho piston trdf vé vi tri
ban dau. -

V&i van dan hudng 5/2, khi xa lic qua ctra R, lic qua cira S.
Piéu khién dung van con thoi
Nhiém vip:

Tao su chuyén dich ciia piston xilanh dugc tic dong ur 2 diém
khic nhau (hinh 11.11).

0
w6 |A
9 GuR4
A
¥4 J % [F
(=1 TlT
s 6!.’ P v

®

Hinh lf‘_.l 1. Diéu khién ding van con thoi.
Gidi: |
Khi tic dong lén van 1.2 khi nén di tir P dén A va ciing di tr X

dén A trong van con thoi 16i dén xilanh. Qué trinh nay ciing dién ra tuong
tu khi tdc dong lén van 1.4.

Néu khong dung van con thoi thi khi ¢6 thé lot ra ngoai qua 16 xa
clia van héi dan 3/2 khéc, vi du, van 1.2 hoac van 1.4 khi n6 hoat dong.

DPiéu chinh toc do trén xilanh tdc djng don:

Nhiém vu:
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Toc do ciia piston trong xilanh tic dong don can duoe diéu chinh
khi piston chuyén dong tién.

Giai:
V&i xilanh tic dong don chuyér 44ng tinh tién cua piston chi cd

thé giam bing cdch dung tiét huu d¢ cdp wém hoac giam bét ludng khi
cung cap.

Hinh I1.12 bicu thi tiét luu khi nén cung cdp cho chuyén dong
tinh (i€n cua pision.

Nhié¢m vu:

Téc do cha piston can duoc didu chinh khi Lai,
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Hinhli_:12. Piéu chinh téc do khi tien  Hinh11.13. Diéu chinh t6c do6 khi lui
Giai:

Chi c6 thé thuc hién duge bing cdch diéu tiét xa khi (hinh 1 L13).
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Nhiém vu:
Téc do ca piston trong xilanh tic 10
dong don diéu chinh va dugc tiét luu riéng
1& trong chuyén dong tién va lui. i VARAVARRY,
Gidi: Trong truong hop ndy cén SUY
dung 2 van tran dé thyc hién yigc diéu chinh

rieng 1& va chinh x4c (hinh 11.14). &
Diéu chinh téc do trén cdc xilanh '
tdac dong kép:
Nhiém vy: Diéu chinh t6¢ do 1ién va N
lii chia piston xilanh tic dong keép. +
Gidi: C6 2 phuong an:
it
a) Tiét luu khi xa (hinh 11:15) <o G:D
thé didu chinh mot cdch riéng 1€ cho cic
chuyén dong tién va lui. Thoat diu chuyén p o

dong khong diéu hda lam cho t&i khi cén
bang luc, nhung sau d6 ¢6 kha nang dieu
chinh t&t hon (khong phu thudc vio tai).

Hinh 11.14. Diéu chinh
t&c d6 dting hai van tran

Vi van din hudng 5/2 c6 thé lap cdc bo tiét luu don gian tai chd
ndi 6ng xa khi.
b) Tiét luu khi vao (hinh 11.16) ¢6 thé diéu chinh riéng 1€ duoc

14 1o

L H il
I

et e

Hinh 11.15. Tiét fuu khi xé
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( w0 cdc chuyén dong tién va lui. Chuyén dong ban ddu khé diéu hoa
~hung it kha nang diéu chinh. Khong ding cho truong hdp chiu tai kéo
cang. Thudng dimg cho cde xilanh ¢6 thé tich nhé va hoat dong nguoc lai

vGi tal,

Téang toc trong cdc xilanh tac

dong don va kép.

Nhiém vt

Cidn tang toc do i cha piston

va trong xilanh tdc dong don.
Giai:

Van x4 nhanh duge st dung dé
tang t6c do cha piston trong xilanh
(hinh 11.17). Diéu d6 cho phép trdnh — 1 [
dugc thdi gian hoi ddo kéo dai nhat la

dsi véi céac xilanh tic dong don.
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Hinh 11.17. Tang téc clia piston
trong xi lanh tdc dong don
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Hinh 11.16. Tiét fuu khi vdo

10
[
—
I
===
A 1
P NN
B A

HAL

Hinh 11.18. Tdng t6c cua
piston trong xilanh tdéc déng kép
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Nhigm vu: Can tang Jharh toc do tien cuia piston trong xilanh tac
dong kép. B

Gigi: Thiét k€ ma
gc nhanh chéng thodt kho
nhanh ngay sit Vol X1
thi€t vhat xa khi qua sud

van 1.1 chuyén vi. dé khi
phia trudc cua xitaph 6
41 ngay ra khi

ch ohu hinh 1£18.Khi
i budng
\anh va cho khi tho

nén phal heét s
{ chiéu dai ong dan va van.

the lap mot van Xa

quyén. Khong can
Piéu khién bdng van song dap:
Nhiém vu.

ta xilann tac dong don duge chuyén dong chi khi 2

Can piston C
¢ dong dong thoi.

van din huéng 3/2 &
Gidi: C6 2 cach:
4c dong hai van 1.2

g dp (hinh 11.19): khi cing ¢
fra A cla

va Y vao van song ap. Do vay theo ¢
«ilanh tao cho piston chuyén dong.

a) Diing van son
va 1.4 tao ra cdc tin hieu X
van song 4p khi nén $E VR0

2 - .
éu khién van song ap

Hinh 11.19. Di

Hinh 11.20. Ghép ndi tiép Z van

van 1.2 va 1.4 (Hinh 11.20). Khi chiing cung

dugc cdp vao xilanh.
anh tdac dong don.

b) Ghép noi 1i€p hai
duoc tac dong thi khi nén s€
Piéu khién gidn tiép cdc xil

Nhiém vit.
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Piston clia mot xilanh tdc dong don c6 dung tich 16n (dgb’ng kinh
l6n, hanh trinh dai. ong din dai) can phai chuyén dong sau khi tic dong
vaa van didu khién va i lai ngay vi tri tan ciing sau khi nha van do ra.

Gidi:

Thiét k& so d6 nhu ad

hinh 11.21. Téc dong vao C%‘é?é\‘—];
van 1.2 1am cho khi chay tuf

P dén A va trén van 1.1 xudi \
hién tin hiéu Z lam van i1 p

chuyén vi. Vi vay thong AN
dudng dan tr P dén A va —D{ \JW\;

piston sé& chuyén dong.

Piéu khién céc mach

thot gian 12
. . s . G:!_T MW
Yéu t6 thoi glan TLY

thudng phai xét den khi xir 1i Pl L#
cc thong tin ldc chuyén

mach, thong thudng ¢ cdc vi

tri tdn clng cua piston @
xilanh.

Ppé thuc hién vi€c Hinh 111.21. Pidu khién gidr tiép
chuyén mach c6 thé ding cdc xilanh tdc dong don
"cdc phan tir khi nén di€u
khién thoi gian” (p-pneumatic time control element). Cac phan tit nay co
thé tao thanh mot cich don gidn bing cdch két hop cic van din hudng,
van tran v binh tich. C6 thé ndi ghép trong mach céc chi ti€t don 1¢ nay
hoac ding cac don nguyén c6 san da chita trong minh cdv chi i€l nay. Do
1a cdc van tdc dong cham (time delay valve).

Van téc dong cham gom mot van dan hudng 3/2, mot van tran va
mot binh tich. Van niy chia lam 2 loai: van m& cham va van dong cham.

Van ma chdm thidng dong:

Trong sa d 11:22, phan tir 1.3 12 van mo cham thudng déng. Khi
nén di vio clra Z qua van tran va tuy theo mic diéu chinh cha vit tiét lau
mi mot luong khi nhiéu hay it trong mot don Vi thoi gian s& di vao binh
lich. Khi 4p suat trong binh da lén dén mic can thiét thi lam chuyén vi
van dan huéng 3/2 thudng déng. N bit 161 thodt khi tr A dén R. Thoi
gian cdn thiét dé tang ap sudt trong binh bang thoi gian tac dong cham
cia van. Néu muén van tic dong cham quay !ai vi tri ban dau thi cia
diéu khién Z phai dugc xa khi. Khi s& di tir binh tich chay qua khi quyén
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qua van tran, ong xa va 1o xo nén s€ lam chuyén vi van trugt. Clra P déng
lai, dudng thoat khi tir A dén R dugc thong.

Trén hinh [1.22 13 vi du céc phuong an so d6 mach khi nén diing
van m& cham dé duy tri vi tri tin ciing trudc cua piston xilanh trong mot
khoang khic nhat dinh.

rZ2 A

a7 ] =R

%]

Hinh 11.22. Mach khi nén ding van mé cham thudng déng.
Van d(ing cham thuong md:

Phan tir 1.4 trong so dé 11.23 13 var m& cham thudng mé. O day
cling vay, khi diéu khién tac dong vao clta Z. Khi dp suat diéu khién da
dat duoc mitc cén thiét trong binh tich thi lam van din hudng 3/2 chuyén
dong nguge lai. Khi d6 dong khi tr P dén A dugc khoa lai va dudng xa
khi tr A dén R duge thong. Thoi gian tdc dong cham tuong ing vaéi thoi
gian can thiét dé tang 4p sudt trong binh tich. N&u khi dugc thodt ra khoi
ctta Z thi van dan hudng 372 lai quay lai vi tef ban dau.

Hinh 11.23 12 vi du sa d6 mach khi nén dimg van déng cham.

D6t véi ca 2 loai van nay thoi gilan tdc dong cham thudng tr
0 + 30 giday. Bang cich sir dung thém cdc binh tich phu, ¢6 thé kéo dai
thoi gian tdc dong cham nay. Mdc do chinh xdc vé thot gian lai con phu
thude vio do sach va su 6n dinh dp suat clia khi nén.

Thong thudng ngudi ta khéng yéu ciu cao vé do chinh xdc thoi
gian d6i véi cde loai mach khi nén nay. Song quan trong la rao ra d¢ 1¢<h
pha cdc chuyén dong.
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Hinh 11.23. Mach khi nén dung van déng chdm thudng mao.

Vi du diéu khién chuyén dong phot hop nhiéu xilanh

Nhiém vit: Cac kién hang, chuyén dén trén bang tai con lan, dugc
nang lén bing xilanh khi nén A va dugc xilanh khi nén B day sang mat
bang tai khdc.

Gidl:
Hinh 1 1.24 14 so d6 vi tri cdc xilanh khi thao tac

Nhu vay, xilanh B chi ¢6 thé thuc hién chuyén dong dao chidu lai
khi xilanh A d& [0i vé vi tri tdn cling sau.
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Hinh 11724, So dé phdi hop 2 xilanh

Hinh 1125 la so dé céc budc chuyén vi chia 2 xilanh A va B.

Hinh 11.25. So d6 cdc budc chuyén ui

Hinh 1 1.26 13 mot phuong an thiét k€ so dé mach khi nén.
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Hinh 11.26. So d6é mach khi nén phdi hop 2 xilanh (phuong dn 1)

No61 Lhung, tién trinh thiét k& so dd mach khi nén phu thudc nhiéu
vio cich ngat tin hiéu. C6 thé kié¢m tra trén so d6 chuyén vi va diéu khién
trén hinh 13.27 xem 6 chd nao cdn ngit tin higu.
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1.3 ] |
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Hinh 11.27. So dé chuyén vi vd diéu khién ngdt tin hiéu
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Nhu thiy trén hinh 11,27 d6i v6i so d6 mach nay khong cén c6
ngat tin hiéu véi diéu kién 1a b phan tin higu 1.2 khong phét tin hi¢u ra
trudc budc 3 nia. Vi bo phan tin hiéu nay diéu khién bang tay nén c6 thé
diéu kién nay khong nhit thiét phai thé hién trén so d6 mach.

Khi kiém tra phai dam bado sao cho khong c6 tin hi¢u khac tdc
dong déng thoi vao cing mot xilanh béi vi ¢6 the tin hicu nay lai ngan
can tin hiéu kia.

Cach ngit tin hidu don gian va tin cay 1 bg tri cdc van diéu khién
can con lan o cac vi tri cudi hanh trinh cua can piston nhu hinh 11.28.
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Hinh 11.28. So dé mach khi nén phdi hop 2 xilanh {phuong dn 2)

Trén so d6 mach hinh 11,29 ¢6 lip them mot van ngat tin hi¢u 1.4
tng v&i vi trf cusi hanh trinh 10i cla piston xilanh B. Bing céch dung cic
khod licn dong d6, mach dam bdo hoat déng binh thudng trong toan bo
chu trinh lam viéc ngay cd khi van 1.2 hoat dong.
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Hinh 11.29 So dé mach khi nén phi hop 2 xilanh (phuong dn 3)

q

11.3. TRUYEN DAN PONG THUY LUC
11.3.1. Pac diém chung

Hé truyén dén thuy luc c¢6 nhiéu uu diém, chi y&u 1a: gon nhe,
chiu dudc tai nang, quédn tinh bé. D¢é thay déi chuyén dong ngudi ta ding
cic van diéu chinh 4p lyc va luu lugng, tuong d6i thufn tién khi s dung.

Tuy nhién ching ciing c6 khong it nhuge diém. Truéc hét 12 hé
thuy luc Iuén luon doi hoi c6 bo ngudn bao gém bom thuy luc, thiét bi
loc, thiét bi diéu chinh dp sudt, thi€t bi 1am mat, binh tich déu v...v. Ngoai
ra hé thong kiém tra dudng ong, cdc dudomg héi ddu va thing dau cling
lam phiic tap thém cho hé thi€t bi thuy lyc ding trong tay mdy. Nhiet do
1am vice c6 anh huong nhiéu dén do nhdt va ap sudt chia dau €p.

Nhin chung, hé truyén din thuy lc trong tay may van dugc sur
dung rong rdi hon cd, nhat 1a trong truding hop tai nang. He truyén dan
thuy luc ding trong tay may c6 nhimg yéu cdu cao vé do chinh xdc, ma
sat thap, gidm do cheénh 1éch giifa ma sdt finh va.ma sat dong dé tang d¢
nhay méi khi dimg hogc thay ddi chuyén dong, tang mitc diéu hod lam
viec nhat 1a khi chuyén dich cham. Vé t6c do lam viec ddi hoi thay doi
vdi pham vi rong va nhanh. Vé kich thuéc ddi hoi gon nhe do cing vimg
cao, V...V

D6i v6i tay mdy truyén ddn thuy luc thudng ap dyng he dicu
khién theo vi tri hoac theo chu vi kép kin (chu tuyén).
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11.3.2. Truyén dong thuy luc

Xilanh tinh tién ding dau ép cling tuong tu nhu xilanh tnh tién
dung khi nén. nhung gon nhe hon nhicu khi ¢6 cling mot & cong SUAL.
Trén hinh 14,30 la so d6 két cdu cha xilanh thuy luc tdc dong hai phia voi
hai buéng 4p sust p, va p,. Boi vi cén piston c6 tiét dién ngang la s nam
vé mot phia nén-tac dung vao piston ur bai phia la khong doi xig.

F=(S+s)p, - Sp; (11.21)
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Hinh 11.30. Xilanh thug luc téc dong hai phia

C6 thé khac phuc nhuge diém d6 bang céch tao cho can piston
ndm vé ca hai phia. Tuy nhién nhu thé khi chuyén dong can piston lai
chi¢m nhiéu khong gian hon. Trong trudng hgp nay:

F=S(p, - py (11.22)

Pé 1ap mod hinh toén cho qua trinh hoat déng cla xilanh thuy luc
téc dong hai phia va d&i xiing vé hinh hoc, k¥ hiéu x Ia w0a do chuyén
dich clia piston tinh tir vi tri trung binh, v - van tdc, 2h - hanh trinh. Trén
co s& cac bidu thitc dd nhan duge & trén ta viét:

Phuong trinh luu lugng, tir (1 1.9):

Sth +x) dp,
. - . = — — .2
B dt q, —q94 —9. (1 i:, 3) |
' =q,+q— 1.
Phuong trinh nang luong ton that, tr (.1 1.5) va (11.6): _
Khi chdy tdng:p, - p, = Rq, (11.25)
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Khi chdy r6i: p, - p, = rg? (11.26)
T (li.dT)tacé: g, =Sv (11.27)
‘ . . . dy
Phuong trinh chuyén dich mot khéi lugng m véi gia téc Z:— cd luc

can tdc dung F, vi hé s6 nhét dong luc ¢ nhu sau:
av y
m{—)=F-¢v-F, 1'1.28
7 ) P ( )

Trén co s6 (11.22) dén (11.28) din dén he phuong trinh vi phan
mo ta quan hé giita c4c bién s6 vé trang thai bén trong: p,, p,, u, X v6i cic
thong s6 bén ngoai: q,, q,, F.;

S

Sth+x)dp,

_-ﬂpi-++Ez—~Sv+qI
B dt R
B dt R R f
dv (11.29)
m(—) = Sp, - Sp, — Qv — F
dt
dx
—_ =V
.dt J
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Hinh 11.31. Xilanh quay
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D& thuc hién cdc chuyén dich géc trong tay may c6 thé ding cic
loai xilanh tinh ti€n. Vi du, dung xilanh thuy luc gan lién véi co cau
thanh rang banh ring hodc 1a gén lién v&i co cdu tay quay - thanh truyén
hoac 1a dung hai piston chuyén déng song song.

Trén hinh (11.31) 1a cédc xi lanh quay. Phuong dn hinh (11.31a) ¢6
mot canh gat tinh gin véi hop hinh tru va mét cénh gat gan vdi truc ra.
Con phuong 4n (11.31b) ¢6 hai cidnh gat tinh va hai cinh gat dong. Trong
xilanh nay thi géc quay nhé hon mét nua nhung momen tao ra 1on gép
d6i khi ¢6 ching kich thifc bén ngoai nhu xilanh hinh (11.31a).

Tuong tr nhu da lam d6i vdi xilanh tinh tién ta 1ap mo hinh toin
d6i v6i xilanh quay thuy luc.

B d& R R ’
C(Q[)“g)dplz_f_]_—&ﬁ'cw_qz
B dt R R S
4 11.30
J_@_:CPI—CPE—(D@—MC ( )
dt
do
— = ()
dt

V61 B - goc quay cia xilanh, 26, - géc hanh trinh, © - van t6c géc, J -
momen quan tinh, M, - mémen can, C - the tich chat léng khi xilanh quay
di 1 radian. Nhu vay thé tich trung binh clia chat long 1a CO,,.

Pé thuc hién chuyén dong ma khong han ch€ pham vi géc quay
c¢6 thé diing mot s6 loai méta thuy luc ¢6 tic dong thuan nghich vira la
bom, vira 13 moto. Méto thuy Iuc chia Iam hai loai: chiéu truc va huéng
kinh. T

~r'L =

Hinh 11.32. Méto thuy luc chiéu truc (hdng Rexroth-Sigmal).
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Trén hinh 10.32 13 mot loai moto thuy luc chi€u truc cé dia
nghiéng clia hang REXROTH - SIGMA. Truc quay n6i lién véi bloc céc
xilanh. Thudng c¢é 7 hoac 9 16 xilanh doc theo chiép truc nam dudi cic
géc déu nhau trong than bloc d6. Céc piston chuyén dong trong cac
xilanh c6 tan curig 1a cac khdp cdu. Céc khép cdu ndy nam trong cac gol
fi. Ching tao véi mot dia nghiéng thanh cic & d& thiy tinh nhd céc 16
khoan dan diu xuyén qua cic chét ty. Toan bo bloc cdc xilanh va dia
nghiéng déu nam trong mot than hop chia cic gdi tua cua tryc quay.

Ap lyc clia ddu tac dung ién piston hudng doc truc dugc phén ra
hai thanh phan: mot thanh phéan thing géc véi mat dia nghiéng va thanh
phan kia theo phuong ti€p tuyén. Nhd vay ma tao ra momen quay. Néu
thay ddi géc nghiéng gita mat dia nghiéng v6i truc quay s€ thay doi quy
fuat bién thién thé tich ddu chifa trong céc xilanh ing véi mot vong quay
cua truc.

Hinh 10.33. Moto thuy lue ¢ biée xilanh nghiéng mét géc véi truc quay.

Trén hinh 11.33 12 mot loai motd thuy luc véi than bloc cac xilanh
dat nghiéng vdi truc quay. O day cac dau piston ném trong cdc khép céu
clia dia néi vuong géc véi tryc quay. Than bloc cac xilanh quay quanh
truc dinh hudng va ti khit lén mét mét cdu (mat phan phol) gia cong rét
chinh xdc, dé bit hoac thong céc 16 ddn ddu véi céc xilanh. Néu thay déi
géc nghiéng giffa truc tam thén bloc cac xilanh va truc quay, s€ thay déi
quy luat bién thién thé tich chida ddu cia cdc xilanh.

Trén hinh 11.34 13 loai moto thuy luc huéng kinh cha Hang
SAMM. Trong than cta Réto thudng chia 7 hoiac 9 xilanh, tryc cla
ching déu huéng tam. Céc xilanh dugc thong voi dudng ddu dp suat cao
hoac ap sudt thdp nhd vi trf tuong d&i cda mat phan phéi duge gia cong
" 14t chinh xdc. Phén ddu cta cac piston chuyén dong trong cic xilanh dé
déu c6 céc con lan. Chiing t¥ vao cdc bién dang cam phia trong cua stato.
Bién dang c6 nhiéu doan khdc nhau: & doan a xilanh thong vai dudng dau
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~ 4p suat cao ddy piston tic dung 1én con lan F. Hop luc nay v&i phan luc
R cua bién dang cam tic dung Ién con lan tae ra lyc vong T.

Hinh 11.34. M6 to thuy hic huéng kinh (hing Samm)

Chinh do luc T nay ma ¢ moémen quay clia moto. Qua doan bién
dang chuyén tiép b réi 16i doan ¢. Liic nay xilanh dugce thong véi dudng
ddu 4p suat thip. Tiép theo la doan d chuyén ti€p trung gian va ci thé
chuyén sang mot chu ki mdi lap lai. S6 lugng xilanh va sd chu ki thay déi
cua bién dang phai chon sao cho ¢ bat ki vi tri tuwong déi nao gitta réto va
stato déu cé it nhat mot con lan ti¢p gidp ¢ bién dang « dé dam bdo cho
roto quay lién tuc.

11.3.3. Thiét bi diéu khién thuy hse
Ddc tinh ciia van phdn phét kiéu con truot

Trong ki thuat tay mdy thuong gap loai van phan phsi thuy luc
kiéu con truot nhy trén hinh 11.35.

PE Py 2

S
D NN

WA

Hinh 1_1.35. So d6 van phan phéi kidu con truot.
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Tuy vi tri cila con trugt dich chuyén trong than van ma luu lugng
darr thong vao cdc budng duoc nhidu hay it. Vi vay cin chi y dén quan hé
hinh hoc gita con trugt vit than van & ving cdc clta dudng dan. Vi du, dé
khao sat phia cfra bén phai cta van phan phdi trén hinh 11.35 s& xét ba
trudng hop sau:
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‘Hinh 11.36

a} Con frugt khe vita khit cla va; b) Puong ddc tinh gfu).
Trwomg hop 1 (hinh 11.36a) - con truot che vira cita van.

Goi u la thong 6 biéu thi dg chuyén dich clla con van truot va e la
chiéu rong rinh trén than vaa.

Néu e < u thi luu luong qua cira dat gid tri [6n nhat q = Qe
Qu = Kcvpu -p, =Ge
vOl  p,, P, - 4p sufit ¢ budng xilanh;
K va G - cédc hé s8 bign déi.

NeuO < ul<etacod:

q =Kuy2(p, -p) =Gu

voi  p=0,5(p, + p,) - dp luc trong buéng van.

Néu-e<uz0tacéd:

q=Kuy2(p-p,) >q<Gu

Ncuu<-eth1q— -Gy
Tir d6 xay du‘ng dudng dic tinh q(u) hinh 1.1.36b.
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Hinh 11.37. a) Con truot che clfa van ¢6 du; b) Puong dic tinh qlu)

Truémg hop 2 (hinh 11.37) - con truot che clra van ¢6 du (luong du
ia 2-), Iic nay ta co:

De+r<u - q = qy = Ge;
Drsuse+rs - q=0Gla-);
Nrsug +r > q=0;
4)-e-r<ug-r - q=Gutr);
5)u<-e-r - q=-qu=-Ge.

Dudmg dac tinh q(u) cua truong hop nay biéu thi trén hinh
(11 37b).

‘7‘\
£ S
' WWM&J@M&W %
. wr & 25,
er2d
__ = ~@rg -g
7 &-
- 26,
Zl .

Hmh 11 38. a) Con truot che chua khit cita van
b} Duémg diic tinh glu). -
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Tritong hop 3 (hinh 11.38a) - con truot che chua khit clra van
(lugng thiéu - 2d). Néu goi q' la phin luu luong tir clfa 4p sudt cao p, d&n
buéng dang c6 ap suat p va p"* 13 phan luu lugng tir buéng dp suat p dén
ctra 4p suat thap p,, thi luu luong hitu dung q = ¢' - q" vi luu lugng t6n
that q" s& bing q" hoic q' tuy thude dau cha q. Ta xét: -

DDe-d<u = q' =qy ¢'=0 gq=q, q'=0
2Yd<u<ge-d - Gu+d) q=0 q=qg q'=0
3)-d 2us+d — q=Gu+d) q"'=-G(u-d)
q = 2Gu, q =0
4)-e+d<u<-d -q=0 q" =-G(u - d)
q=G(u-d), q=0
SYu<-e+4d - q'=0, qQ"=+qy, 9=-qy. q'=0.

Tir d6 chiing ta ¢6 dudng dac tinh q(u) cia truong hop nay nhu
hinh 11.38b.

H¢ thong tro dong thuy luc

R¢ théng trg dong thuy luc (the hydraulic servo systern) ¢6 dic
diém 1a co caiu chdp hanh (d4u ra) t4i hien cc quy luat chuyén déng tir co
cdu dieu khién (dau vao), déng thdi luén tuon giit lién hé phan héi giita
dau ra va diu vao.
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Hinh 11.39. Hé thdng bim thug fuc
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Trén hinh t1.39 13 so d6 he thong bam thuy lyc gom van phan
phoi con truot va xilanh dong. $ day than van con (rugt gan lién v6i than
xilanh déng tao nén mot m&i lién hé nguge can thiél. Khi con trugt & vi tri
trung gian, ddu €p thong qua cac khe c6 tiét dién nhu nhau va do vay ap
fyc trong 2 budng xilanh ciing bang nhau. Khi dich con trudt vé phia bén
nay hoic bén kia so vGi vi tri trung gian thy dp lue treng 2 budng s€ chénh
1éch nhau fam cho than xilanh va than van con truot déu dich chuyén. Céc
thong s0 chuyén dich duge xac dinh bai ty 1¢ dién tich céc khe ddu. Ty 1&
nay do vi tri con trugh (s0 v6i vi trf trung gian) dinh doat va ban than vi tri
con truot lai phu thudc vao tin hicu diéu khién. Tin higu diéu khién c6 thé
14 tin hiéu dién hoac tin hiéu ¢d V... V... va thuting hon 1a tin hi¢u dién .
Vin dé 1a do chinh xdc dinh tuong giita tin hi¢u dien va ty 1 dién tich cac
khe d4au vao xilanh.

Vi the xuét hién nhiéu phuong phap cii ti€n khdc nhau. Trong do
van g dong thuy luc (the hydraulic servo valve) dugce quan tam dac biét.

Trén hinh 11.40 gidi thiéu so d6 nguyen by hoat dong cua loai van

1o dong thuy ue MOOG, 12 san phim cla mot hang ndi tiéng & nhiéu
nudc. '
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Hinh 11.40. Van tro dong thug fuc MOOG
Nhu trén hinh 11.40a van trg dong thuy luc gdém 3 phén chinh.
Phin thir nhat cé cdc cyc nam cham 1, 1561 2 va cudn cam 3. Phan thi haj
¢6 ong mong 4 néi giita 151 2 va ludi ga 5. Ludi ga 5 cung v6i voi phun 9
{3 mot cap "'voi phun - mang chén”. Phén thit ba chih yéu gdm con truol va
caz bo phan lién quan. :
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Khi ¢6 tin hiéu dién diéu khién 181 2 guay nghiéng di, lam bién
dang 6ng mong 4 va di chuyén vi tri cia ludi ga 3, hinh 10.40b. liic nay
151 2 quay nghiéng vé phia bén phai, lam ludi ga chan voi phun phia bén
phai. Do vay dp sudt diéu khién tang lén, kéo theo day con trugt vé phia
bén trdi. Con truot di chuyén nén thay déi dién tich khe cta lam dp suat
rruyén lyc ting 1én va tic dong dén xilanh thyc hién truyén tai, vi dy, lam
chuyén dich khép dong tay mdy. Khi con truot di chuyén vé phia trdi
ciing gat ludi ga 5 nhu mot 16 xo phan hoi, v¢ phia trdi. Do vay tao nén
mot momen tac dong 1én tin hicu diéu khién dua vao. Khi can bang hai
momen nay thi con trugt s& ndm yén & vi tri mong mudn cha ngudi dicu
khién. Néu gitr duge luu lugng ddu én dinh thi vi trf con truot cling & 6n
dinh.

Hé théng tro déng thuy tuc duge ding rong rai trong nhiéu finh
vuc ki thuat, nhat 13 trong ki thuat tu dong hod cdc qud trinh cong nghe.
Lién hé phan héi gitta diu ra va ddu vao clia hé ¢6 the 1a lién hé theo w1
tri, theo van téc chuyén dong hoac theo lyc tai. Thudng dung hon ca 1a
lién hé phan héi theo vi tri, vi nh& lién h¢ nay c6 thé dat dugc do chinh
xdc cao khi tai hién quy Iuat diéu khién va do 6n dinh chuyén dong.

11.4. TRUYEN DAN PONG THUY - KHI KET HOP

Xu hudng tao ra cdc hé truyén din hén hgp nham phét huy cdc wu
diém va bl trir cdc nhuge diém clia cdc loai truyén dan riéng 1€.

Hinh 11.41. So dé hé truyén dén thuy fuc - khi nén
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- Trén hinh 11.41 1 so d6 heé truyén din hén hop thuy luc -khi nén.
Xilanh thuy Iyc hoat dong song song vdi xilanh khi nén dé dam bao viéc
hi¢u chinh van téc va vi tri ctia khau chap hanh cua tay may.

Khi nén tir nguén vao mot trong hai budng clia xilanh khi nén (1)
qua van phéan phdi (7) va lam cho piston chuyén dich véi van téc dugc
hiéu chinh bing van tiét vy thuy lyc (3). Khi d6 van phan phéi (5) nam &
phia bén phai dé théng véi ca haj budng ciia xilanh thuy lyc. Van phan
phéi (5) c6 thé déng vai trd nhu mot khod thuy luc d€ ¢6 dinh vi trf clia
tay mdy. V6i tinh chat wong nr nhu & phdn tr (3), néu ding van tigt luu
dicu khién bang dién thi c6 thé dé thuc hién diéu khién vi trf theo tin
hi¢u phan héi.

_ Trong k¥ thuat robot cong nghiép con ing dung cdc truyén din
di¢n - khi véi muc dich twong ty nhu trén, nhung thay truyén dan thuy luc
bang truyén din dién. .

Trong so dé hé truyén dan thuy - khi tren high 1 1.42 ¢6 dat thém
mét xilanh khi nén phu (1) truge xi tanh thuy luc (2) ¢6t dé tranh phai
ding nguén thuy luc. Khi nén vao mot budng ciia xilanh {1) 1ao 4p luc
trong budng xilanh (2) ddy dau lam piston xilanh chap hanh (3) caa tay
mdy chuyén dich theo mot phia va s& ddi chidu khi piston ctia xilanh (1)
di vé phia nguoc lai.

J

i

Hinh 11.42. So d6 hé truyén dan thug - khi u6i xilanh khi nén phy

Truy¢n din hén hop dién - thuy lyc duge ding tuong dsi nhiéu,
Trong d6 dau vio ding truyén dong dién cong sust bé, con diu ra la
truyén dong thuy lyc. Truyén dong dién tao ra tin hiéu dich chuyén cho
hé khuyéch dai thuy Iye, ¢6 thé hinh thanh hé trg dong kin hoic hd diing
déng co budc. '
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CHUONG XII
THIET BI CAM BIEN

12.1. GIGI THIEU CHUNG.

Céc thiét bi cam bién (sensors) trang bi cho robot dé thuc hién
viéc nhan bi€t v bién ddi thong tin vé hoat dong ctia ban than robot va
clia mai trudng, déi tugng ma robot phuc vu. Theo pham vi ing dung céc
loai cam bi€n dung trong k¥ thuat robot, cé thé phén ra 2 loat:

_ Cam bién noi tin hiéu (internal sensors) dam bao théng tin vé vi
iri, vé van dc, vé lyc tac dong trong céc bo phan quan trong cua robot.
Céc thong tin nay 1a nhimg tin hi¢u phan héi phuc vu cho viéc diéu chinh
ty dong cac hoat dong cua robot.

- Cam bi€n ngoai tin hiéu (external sensors) cung cap thong tin v¢
d6i tdc v moi trudmg 1am viéc, phuc vu cho viéc nhan dang cac vat xung
quanh, thuc hign di chuyén hoic thao tac trong khong gian lam viec. be
tam dudc cac viec do, cdn 6 cde loai cam bién tin hiéu xa, cam bién tin
hi¢u gan, cam bi€n “xiic gidc” va cam bién “thi gidc” v.v...

Pé thuc hién nhiém vu cba cic loai cam bién noi tin hiéu va ngoal
tin hitu ndi trén c6 thé ding nhiéu kiéu cam bién thong dung hodc
chuyén dung. Cac kiéu cam bién théng dung khong chi ding cho k¥ thuat
robot ma con ding nhiéu trong cdc thiét bi k¥ thuat khdc. C6 nhiéu tai
lieu k¥ thuat vé cdc ki€u cam bién nay.

Tuy theo cdc dang tin hicu can nhan bict ma phan thanh céc kiéu
carn bién khdc nhau: cam bién luc, van tée, gia toc, vi tri, dp sudt, luu
luong, nhiét do v.v.

Tuy theo céch thifc nhan tin hiéu lai phan ra cdc kicu khdc nhau.

Vi du, ciing 14 cAm bién vi tri nhung c6 kiéu cam ung. kiéu di¢n dung,

kiéu dién trd, ki€u dién quang v.v.

Dudi day gi6i thigu mot s6 ki€u cam bién thuong dung trong K¥
thuit robot. '
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122 CAM BIEN VI TRI, VAN TOC VA GIA TOC.
12.2.1. Cam bién vi tri kiéu chiét ap.

Pay 12 loai cam bi¢n vi tri kicu dién rd thay déi theo nguyén ty
chiét ap rat quen biét. Nguyen ly hoat dong clia chiét 4p duge mo ta trén
sor d6 mach co ban (hinh 11.1a) hodc la so dé bo tri mach thyuc té (hinh
{2.1b) va thé hién bang quan h¢ sau:

-

ve V' — (12.1)

Gia 111 dién dp ddu vao v sé thay doi tir v =0 khi r = 0 dén gia i
bang dién dp cdp vao V khi r = R. Néu gan sy chuyén dich vi tri can do
véi dau truot r cta chiét ap thi thong qua gid tri dién dp v s€ bién doi ty lé
thanh gia tri chuyén dich vi trf can do.

a)

Hinh 12.1. So dé mach chiét dp

Kiéu cam bién nay hay duoc dung dé xdc dinh do dich chuyén
géc clia céc truc quay. Ngudi ta lai ¢o thé dung né dé xdc dinh van toc
gbe bing cdch vi phan bac nhat va xac dinh gia tdc bang cdch vi phan bac
2 dai luong dich chuyén.

Kiéu cam bién chiét 4p dugc ¢ing rdt rong rai trude heét 1a vi gid
thanh thap, do bén sl dung tuong déi cao (nhd ap dung cong nghe vat
lieu chat déo cai tién bo phan déu trugt rnén ¢6 thé dat ti bo bén 107 chu
kV), do tuyén tinh kha cao v.v. Tuy nhién lai ¢6 cic han ché nhu lam viéc
véi 8¢ do thap (10 vong/ phit doi véi trudng hop quay va | m/s doi véi
trudmg hop tinh tién), chat hugng ché ti€p xiic clia bo phan truot cd thé
gay nhiéu va gidm do nhay.
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12 2.2. Van toc ke,

Pham vi st dung van t6c ké (tachometers) va gia t6c ké
{(acceleromeiers) ngdy nay trd nén thu hep, ma thong dung hon la xdc
dinh theo s6 gia cta cdc thong tin cam bién vi trf bang k¥ thuét s6 hay ky
thuit vi mach. Cich lam dé dat duge do chinh xdc cao hon va ngay cang
re hon.

Thuong ding cac thiét bi sau dé thuc hién chifc nang cua van i16c¢
ké:

- Phat t6¢ (tachogenerator) dung mot chiéu

Khi stato duge kich tr tao nén tir thong thi trong cic cudn cam
trén roto c6 sudt dién dong tr cam vdéi gia tri trung binh ty 1& véi gde quay
cla roto.

- Phit t6c khong dong b¢ dong xoay chicu

Khi dong dién xoay chiéu chay qua cudn day so cip cia stato thi
dién ap trén cic dau day cudn thit cap cua stato s€ ¢ cling tan s, bién da
va ty 1é thuén véi van téc géc cua roto.

- Phit t6¢ dong bo

Nam cham vinh ciru trén stato gay dong dién cam trong cuén day
cha stato. Tdn 88 va gid tri dién dp cha nd ty 1€ thuan véi van 8¢ cia roto.

- Phdt t6¢ xung

Dia quay c6 khe rinh dit trede ngudn sing tao ra cac xung ¢6 tan
g5 iy & véi van téc goc quay.

~ 12.2.% Cam bién vi tri kién bién ap

Cam bién kiéu nay hoat dong theo nguyér 1y cia mot bién dp sai
dong (differential transfomer): 161 tr chuyén dong tuong déi vdi 2 cudn
day cd dinh va lam viéc thay d6i dong cdm (mg gifta ching.

Trén hinh 12.2 | so d6 bién dp xoay. Roto ¢6 mét cuon day, con
stato c6 mot hoac mot vai cudn day cam dng dong bo.

Gia thiét cap vao cudn day cla roto mot dién dp:

u, = U sinmt (12.2)
(thi trong cic cudn day trén stato s¢ xudt hién cic di€n dp cam ang;
u,, = KU, cos r sin (ot + ¢) (_12..3)
u, = KU, cos r sin (ot + ¢) (1-'2.4)
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trong dé:

K - hé s0 bién ap

W W RNV

@ - do léch pha

Tir cac cong thnte trén co
thé xéac dinh dugc géc . r
Tuy nhién sur bi€n dong Y
bién d¢ dien dp lam giam do TUTNYY
chinh xdc tinh todn. Bai th€
ngudi ta su dung phuong phédp
giai  diéu bién doéng bé
(synchronous demodulation) Yy
rén co s doi chiéu véi tin hiéu
chudn (khong tring véi dién dp Hinh 12.2. So dé bién 4p xoay
cép vao roto). Trong trudng hop
bi¢n dp xoay nhicu cyc (khong phal 2 cuc nhu hinh 12.2) thi do chinh xdc
c6 thé tang lén. Nguo’n ta thuong sir dung két hop bo bién dp xoay véi bo
bién déi dién tiY s6 d€ nang cao do chinh xdc.
Cam bién vi tri kiéu bién 4p

lam viéc tin cay, chinh xdc va phit hop i op ki ra

v6i dai rong van toc quay. Vi khong \

dung dén vong tiép diém nhu kiéu ‘XO

chiét dp nén ching c6 thé lam viéc véi

van toc cao (dén 9000 vong/phiit).

Tuy nhién lai doi hoi do chinh xéc N VN | o T

cao v¢ ché€ tao va lap rdp, nén gia — xwi TR .“:‘ :

thanh clng cao hen nhiéu. W TS S &
Tuong tu, d6i véi trudng hop oo

tinh ti€n ¢6 cdm bién vi trf kiéu bién '

ap sai dong thay déi wyén tinh LVDT

(Linear Variable Differential '-

Transformer), nhu trén hinh 12.3. Bao Hinh 12.3. So dé cdm bién

boc xung quanh 15i tir 12 mot cudn vi tri kiew LVDT

day so ca'p va hai cugn day thi cap giong hét nhau. Khi dich chuyén 161
tr do tir cam tuong hd gita cudn day SO cap va cdc cudn day thi cap sé
bién déi tuyén tich theo do dich chuyén do.

12.2.4. Cam bién dién {ir.

Trén hinh 12.4. gi6i thiéu so dé cam bién dién tir (magnetic
tachoneter) do van t6c hodc d6 dich chuyén. Dau do 1 gém cuon day
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cam 2 cudn xung quanh 13i nam cham vinh cttu 3. Trén dau truc quay 5
gan mot dia c6 vau 4. Khi truc quay, khoang cach twong d6i giifa dinh
vdu hoac chan vau so v vi tri 161 nam cham la khdc nhau nén tao ra su
thay déi tir thong va gay ra xung dién dau ra.

Hinh 12.4. So d6 cdm bién dién tit

12.2.5. Cam bién dién quang

Trén hinh 12.5 gidi thiéu so dé cam bi€n dién quang, gém céc dia
(d5i vé6i trudong hop quay) hodc céc thude (d6i véi truong hop tinh tién) ¢
vach téi sang diéu nhau. Mot bén dit nguc‘in sang 1, mot bén dat cic
quang tr¢ 2. Do thdy déi vi tri tuong d&i cha cdc phan di ddng so véi phan
¢6 dinh nén tan so va lugng anh sang lot vio quang tré cling thay déi. Tin
hiéu qua bo khuyéch dai 3 va tao cic xung, tir d6 suy ra do dich chuvén
hoic van téc.

Hinh 12.5. S0 d6 cém bién dién quang

Thiét bi cam bién mi hod quang hoc 13 mot kiéu cam bién dién
quang cé nguyén 1y 1am viéc nhu da trinh bay ¢ trén, nhing ¢& duge dau
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wr va che tao chuyén dung thanh nhiing thuong pham quen biét véi tén
goi 1a optical encoders.

Thiét bi cam bién ma hod quang hoc la thiet by bien dich chuyén
g6c dién hinh. Tin hiéu diu ra cla cam bi€n loai nay 1a tin hiéu s6 nen rat
thuan ticn khi noi ghép vai mady tinh ma khong céan thém bd chuyén dot
A/D nao.

Npudi ta phan ra 2 loai chinh: cam bicn ma hod gid tri tuyét do
(absolute cncoders) va gid tri s6 gia (incremental encoders). Loai thtt 2
dugc ding rong rai hon vi gid thinh thap hon. Néu khi can s6 ligu doc ra
la van 8¢ thi chi ding loai thi 2 nay.

Cdm bién md hod tuyét d6i ¢6 bd phan chinh 12 dia trong sudt.
Trén dé ¢6 tir 2 dén 30 dai dudng riéng bict chiéu rong nhu nhau va céc
doan sdng, t61 tao nén dia vach chuan. Nguén sdng s& chiéu lot vao cac
cam bién quang (thudng dung phototransistor hodc photovoltaic). Do vay
cam bién lin Tuot tao ra cdc xung nhu trén hinh 12.6.

Hinh 12.6. Tin hiéu déu ro dang séng cta thiét bi cdm bién mé hod tuyét doi

Nhur trén hinh 12.6, trén dia c6 4 dai dudng, vai 16 vi tri chia hinh
tron 1a 16 hinh ré quat, géc dinh 13 360%/16 = 22,5°. Phia bén phai hinh
12.6 1a céc tin hiéu trong 1/4 vong quay da s6 hoa: s& 0 img v&i khi quay
qua doan 161, s0 1 - khi quay qua doan sang. O day dd ma hod theo hé
Gray Code. A 1a vi tri xuat phat dé tinh todn va ciing 1a noi dat hé théng
__cam bién quang va nguén sang L, con W 1a by khuyéch dai va xir 1y tin
~ hiéu dang song.
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Cdm bién md hod s6 gia ¢6 cau tao don gian. Bo phan chinh la dia
gan lién vai truc quay, ché tao tir loai thuy tinh dac biét, c6 hé sO gian no
nhiét rat thap, nén con goi la dia kinh. Trén mat dia kinh duoc chia vach
den tring déu nhau. Dia kinh c6 ban kinh cang 16n thi kha nang chia do
cang cao. Khi dia kinh quay, dnh sdng tir ngudn truyén qua nhiing khoang

. . ) o N [ - : . I y i
trang dén cdc quang trg dat doi dién tao ra nhitng tin hiéu dién. Tin hiéu
nhan dugc 1a tin hiéu thay déi ¢6 quy luat, duoc cho qua bo bién doi dua

vé dang tin hiéu hinh sin hodc tin hi¢u dang xung co ban.

Pé tao ra su thay déi quang thong khi cho lubng dnh sdng qua
dia kinh quay, nguoi ta dung mot mat chén diing yén c6 cdu tao nhu hinh
12.7. Trén mat chén c6 4 6 cira s6, méi 6 6 vach den trang giong hét trén
dia kinh, nhung b6 tri sao cho vach khic trén 4 6 cla s6 nay léch pha
nhau1/4 chu ky vach khac.

Hinh 11.7. Dia kinh va bé tri cdc 6 ctra s8 trén mét chdn
M&i dich chuyén géc quay cla dia kinh tao ra su thay déi dién

tich- phan 4nh sdng lot qua, do vay thay déi quang thong dan t6i su thay
doi tin hiéu dién.
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Hinh 12.8 cho thdy:

- Tai clra s A: cac vach trén cira sé che kin cdc khodng trong trén
dia kinh nén 4nh sang khong lot qua. Lic nay dién tro la R, .

- Tai cira s6 B: cdc vach trén cifa s6 tring khit v6i cdc vach trén
dia kinh va khoang trdng dugc md hét c& cho 4nh sdng di qua. Lic nay
diéentré1a R :

1113V 0e

- Tai cira s8 C: céc vach trén cira sé di vao dén giita khoang trong
trén dia kinh nén dién tich phan 4dnh sdng lot qua chi mét nia. Day la vi
tri trung hoa va ¢6 dién ug 1a R,= (R, ..-R,...)/2.

- Tai cira s& D: cdc vach trén cita s6 chdm vao nira vach khéc ti€p
theo. Liic nay, giong nhu cira s6 C, dién tich cho dnh sang di qua chi con
mot nlra va dién tré 1a R,..

AR AR A2 R A A A R AR

Clas6 A Cliasé B Cita s6 C 1 Cras6D
Hinh 12.8. Vi tri tuong déi & cdc clta s8

Nhur thé, khi mat chan quay tuong dét so véi dia nta chu ky thi:
- Tai A: R,,,, gidm dén R, |

- Tai B: R, ting dén R,

-TaiC: R, tang dén R,

- Tai D: R, giam dén R,

Va nira chu ky tiép theo:

-Tai A:R, gidm dén R,

-Tai B: R, tang dén R,

- Tai C: R,,,, giam dén R,

-Tai D: R, ting dén R,

Qua4 trinh nay lién tuc dién ra tao nén cdc tin hiéu chu ky.

min
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‘Ngay nay, trén co s& phat trién k¥ thuat vi x{r 1§ ngudi ta con ding
mot s6 phuong phdp chia nhé khoang cdch. Trong dé ¢6 phuong phdp
nhan xung va phuong phép noi suy dién tl ding mang dién trd thich hop.

12.3. CAM BIEN LUC VA CAM BIEN XUC GIAC
12.3.1. Cam bién luc

Cam bién lyc chi yéu ding dé nhén biét phan luc xust hién trong
khi 14p rdp céc chi tiét mdy. Doi khi ciing diing dé nhan tin hiéu luc trong
cdc khép dong. Thudng thudng cic cdm bien lyc duge lip & cic khép
quay, khdp ¢ tay hodc truc tiép trén ban kep. C6 nhiéu phuong phap
phén biét lyc ding trong co cau cam bién. Vi du, truc tidp suy ra ti su
bién thién dong dign & dong co mot chidu lp & cic khép quay. Nhung
phd bién 1a dung phuong phap quen biét do bién dang dung cdc tensomet.
Ching con duge goi 1a cdc "tem bién dang”, vi trong giéng nhu nhimg
con tem nho chifa bén trong mot day dién tré va dugc dan trén cde thanh
bién dang. Du6i day gidi thiéu mot ki€u ¢dm bién luc thudng duge lap &
khép quay c6 tay, ché néi véi ban kep va goi tat Ia cam bién luc chiy thap.

Cdm bién luc chir thép.

Trén hinth 12.9. mo 13 mot ki€u cam bién huc khép quay ban kep,
vO1 b phan chil y&u ¢6 hinh chit thap. Trén méi nhinh caa hinh chir thap
dugc dén 2 cap tensomet. Qua nhimg cdu do, s& nhén biét dugc luc tac
dong 1én méi nhénh chit thap. '

Hinh 1 9. Cdm bién Iuc chit thap
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Gia sit rang anh huéng qua lai gifta cic tensomet Jardt nhd, ¢6 the
bo qua. Nhur vay tir céc s6 do cha 8§ cap tensomet, biing cich cong hodc
trir gitt ching tuy theo cdc udng hop cu thé, c6 thé xdc dinh duge 3
thanh phidn lywc B (F, F,, F)) va 3 thanh phan mémem M (M,, M,, M,).
Goi chung F), 12 mot vecto md rong bao gém 6 thanh phin ndi trén va W
¢6 thanh phan ]a 8 s6 ligu do duge (W W, W, W, W, W, W,, W

F, =R, W (12.5)
o hs

véi: Ry = (12.6)
For Fos

Céc phan tir ; # O cia ma trdn Ry, 1a cdc he s6 tuong ung dd bién
déi cdc s6 do theo ding thi nguyén cua ching: W (von), F(N), M(Nm) -~

Theo b tri cdc tensomet nhr trén hinh 12.9 thi mét sO phan tw «,
s& bang 0 va ma tran (126) s€ nhu sau:

0 0 r 0 0 O n O]
r, 0 0 0 ng O 0 O
R = 0 r, 0 n, 0 n, 0 ry :
o 0 0 n 0 0 0 rg| @D
0 r, 0 0 0 r, 0 0
e 0 T 0 ns 0 r; O

Tir (12.5) va (12.7) c6 céc thanh phén cia Fy,, vidu: |
U F, =1, W, W . o Ay)
Biéu thic (12:8) hoan toan phii hop véi hinh 12.9b.

Dé xac dinh cc hé s6 r; trong (12.7) ngudi ta thuong chudn miic
hod (calibration) k&t hop tinh todn va thyc nghiém. Ban chat viéc chudn

ho# mitc hoa & day 12 thiét 1ap mot ma tran R; thoa man diéu kién sau:

W= R:: Fu
(11.9)

R 13 ma tran 8x6.
Nhan 2 v& (12.9) véi (R )T, ta c6:
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(RL) W=[(RL)'RLT'F, - (12.10)
Ti d6: . _
Fu=[(Re R (R T W a2
Sosanh (11.5) va(11.11), ta ¢6: _
R.~[(Rp)" RLT'(Rp ). (12:12)
Ma tran R*F duge thiét 1ap ueén co sd cdc cong thitc trén va cac
két qua thuc nghiém khi cho trudc cdc gid tri cia F,,.
12.3.2. Cam bién xiic gide

Trong k§ thuat ngudi mdy thudmg ding cdc cam bién xic gidc dé
nhén thong tin vé sur tiép xiic clia ban kep véi d6i twong. Nhitng théng tin
dé bao gém vi tri, hinh thi clia d6i tuong hoac luc can kep v.v.

C6 thé phan cdm bi€n xidc gidc ra hai nhém co ban: cam bién ¢é
ngudng tin hiéu roi rac va cam bién c¢6 tin hiéu twong ty. Cam bién xiic
gidc ¢d nguang tin hiéu roi rac. Dﬁy thuc chat 1a nhimg cong tac tinh vi
dugc 14p dit & phia bén trong clia cic ngén ban kep (hinh 12.10) dé cho

biét thong tin d4 cé vat kep gilta céc ngén chua, cdn kep vio v1 tri ndo cla
VAt v...v.

&
e —,

323

Hinh ]:f 10. Cam bién xtc gidc ki€u cong tdc Idp bén trong ban tay kep

Cic cong tic tinh vi ¢4 thé lap dat trén bé mat tiép xiic phia trong
clia ban kep Ngoai ra con c6 thé lap dat & phia ngoai ban kep hoic & céic
ddu do ciha co cdu tay mdy d€ nhan biét théng tin vé cic chuéng ngai vat
trén dudng di chuyén. .
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Hinh 12.11. Cdm bién xuc gidc diing tin hiéu tuong tu

Cam bi€n xic gidc dung tin hiéu tuong W loai don gian nhdt c6 so
46 nhu trén hinh 12.11. N6 gom mot thanh 1y vao vat nhd lyc 16 xo. Luc
ngang tir phia vat tic dung vao thanh lam chuyén dong di mot goc quay
(vi du, bang co c&u thaph rang - banh rang). Géc quay nay ty 1& vdi lue
ngang va duge lién e ghi do béng co cdu chi€t ap. Ung véi do cing vimg
43 bict chia 10 xo, c6 thé xdc dinh duge lyc theo da dich chuyén clia gbc
dé ghi do.

Trong nhimg nam gén day mot vin dé rat dugc chi ¥ 1a tao ra cc
bé mit xic giac c6 kha nang thu nhén cing mot lic mot lugng iém thong
tin. Trén hinh 12,12 1a mot vi du minh hoa. Phia bén trong cac ngén cua

Hinh 12.12. Bén kep ¢4 trang bi bé myt xtic gidc
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ban kep dugc gan cdc mat xiic gidc (1). Cic mat phia bén ngoai (2) clia
ban kep ¢6 thé gén ca cdc cam bién tin hiéu &1 rac.

Mac di mat xic gidc thudong 1a t6 hop nhiéu loai cdm bién riéng
i¢, nhung mot hudng c6 trién vong 1a cling ding cic t&m vat liéu ban din,
vi du, trén nén grafit c6 dién tr& thay déi theo 4p luc. Su thay déi dién ud
dé dang bién thanh dao dong tin hiéu dién. Bién do cha né ty 1 véi tuc
tic dong len bé mit vat kep tai di€m tiép xtic.Dé tao cdc mat xic gidc ma
doi khi con goi 1a "I6p da nhan tao” c6 thé ¢6 cdc phuong phap cha yéu
nhu trén hinh 12.13.

Phuong phdp & hinh 11.13a tao ra cic "clra sé" giita khéi vat lieu
dan (1) nam giita than vo (2) va hé théng dién cuc (3). Mdi dien cuc 1a
mot 6 vudng “cita s6” ti€p nhan tin hiéu tai mot diém ti€p xiic vGi vat.
Tuy thudce vao dp luc 1én vat lidu ban dan, dong dién tir than vo dén dién
cyc s€ bién d6i. Theo phuong phap & hinh 12.13b ¢6 cdc cip dién cuc (4)
trén cic tam mach dién () thi vat lieu din ndm phia trén va cdch dién véi
tam nay trir cdc ché ti€p xtic véi dién cuc. Ap lyc tir d6i tuong 1am thay
ddi dién 1r& va nhd cdc mach dién tir bign déi thanh céc tin hiéu khic
nhau.

Hinh 12.13. Phuong phdp tgo cdc mat xtic gidc

Trong cdc phuong phép hinh 12.13¢ vat dén dién (1) dat giifa 2 bo
di¢n cyc ngang (X), doc (Y) vudéng goc véi nhau. Diém chéo nhau giita
hai thanh dién cuc X, Y c6 vat din dién chen giita thanh mot diém nhay
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cam. Bo dién cuc ¢6 16p vo cao su (6) chuyen dich tao luc ti¥ phia ngoal
tdc dong lén moi diém nhay cam lam thay déi dién tr& ctia vit dan va do
vay lam thhy ddi dong dién.

\12:4. CAM BIEN TIN HIEU GAN VA TIN HIEU XA. AN
12.'4 1. Cim bién tin hiéu gan.

Trong k¥ thuat ngu‘cﬂ may thuong diing céc cadm bién tin hiéu gin’
dé xéc dinh sur ¢6 mat cia do1 tuong trong pham vi khong gian ngay sat
ben ché thao tac dé kep vat hodc di chuyen vong qua chudng ngai, v.v..
Thudng st dung mot 86 cam bién chi yéu sau day:

Cdm bién tir cdm dua trén nguyén tic thay déi do tir cdm khi thay
déi cu ly gifta cdc vat thé kim loai va cam bién.

8

Hmh 12 14. Cém bién ti cam.
a) So d6 cau tgo; b} So dé nguyen ly -'am viéc.,

Tren hinh 12 14 12 so 46 cau tdo mot kiéu cam bién 1 cam. N6
gém cudn cam (1) dat sau nam cham vinh clu (2) nam trong than vo (3)
v6i phan cich dién (4) va dau noi (5). Khi dat cam bién gan v6i vat thé
nhiém tir thi cdc dudmg stc (6) s& thay ddi va khi ¢ chuyén dong wrong
déi clia chiing trong tu trucng thi dong dién cam trong cudn day s¢ thay
déi cudng do, bien do va tan s6 ty 1€ v6i mic thay d6i tir trudng.

Trén hinh 12 15a. biéu dién su bién thién theo thot gian t cia dién
thé V dau ra cudn cAm phu thudc vao van t6c (1 - van téc cao, 2 - van toc
thap) dich chuyén tyong déi trong tir trudng gitta cdm bién va ddi tuong.

Trén hinh 12.15b 12 quan hé gifra bién do A cua dién the va cu ly
gifta cam bién va doi tugng. Pé thi cho thay khoang cach cang xa nhau
thi 4o nhay cang giam va cdm bién chi ¢6 hiéu lyc trong cu ly dudi lmm.

Nhu vay, dé nhan duge tin hiéu ra tit cAm bién loai ndy can c6 su
chuyén dang tuong d6i giita cam bién va doi wgng. Thong thucng trong
k¥ thudt ngudi may khi dung cam bién tin hiéu gan chi can tin hi¢u
ngudng khong lién tuc. C6 thé nhan dugc tin hiéu loai nay bang cich tich

phan tin hiési ra,
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oy 450 Pl o)

g 4

Hinh 1[2__-.15.0) Quan hé giita dién thé V va thoi gian, 1. vén 8¢ cao; 2.
van téc thdp; b) Quan hé gita bién do dong dién va khodng céch tir cam
bién dén déi tugng.

" Cam bién Hall dua trén nguyeén tic cia higu ing Hall. Nhu trong
vat 1y da biét hiéu ling Hall lién hé gifta dién th€ hai dau day dan (hoac
ban din) vi tir truong. Néu s dung cam bién Hall nay cing v6i mot nam
cham vinh ciru, chiing s& nhan biét duoc su ¢ mat cia cac vat thé nhiém
tir dat sat ben canh. Nhu rén hinh 12.16. khi c6 vat thé nhiém ti st bén
canh thi tr luc (céc miii tén) chay qua cam bién Hall s& giam di 16 rét.
Néu ding chit ban dan, vi dy, silic chang han, thi ¢6 thé giam nho di kich
& clia cam bién, tang do chinh xdc, tang do &n dinh va nhat 1a c6 thé cdy
truc tiép trén cim bién mot mach Khuyéch dai.

2

Hinh 12.16. o) Cém bién Hall;
b} Cém bién Hall va vat nhiém tu.
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Cdm bién dién dung. Khdc véi cdc loai cam bi€n tir cAm va cdm
bi¢n Hall 1a chi ¢6 thé nhan dang céc vat thé nhiém tir, cdm bién dién
dung phat hién dugc tat ca cic vat liéu ran cling nhu long. CAm bién nay
hoat dong theo nguyén tic nhan biét cac vat thé qua su bién d6i cha dién
dung phu thuéc vao khoang cich téi vat d6. C6 nhiéu phwong phap nhan
biét tin hiéu gan bing cdc cam bién dién dung. Pon gidn nhat [a ding ban
tu cha cdm bién ¢6 thé rung khi dién dung vuot qua mot gia tri ngudng
nao d6. Dao dong chuyén thanh tin hiéu dién & ddu ra. Cach phisc tap hon
la dung phan tir dién dung luén fuén cé dao doag hinh sin. Khi dién dung
thay d6i s& xuat hién lech pha. D¢ léch pha nay ty 1é véi dién dung cin
nhin biét.

Hinh 12.17 14 d& thi v& su thay 2
déi dién dung AC phu thudc vio
khoang cdch tdi vat tu do. Khi khoang
cach nay vugt qué vai mm thi do nhay &
cua cam bién giam di 1 rét. Do nhay
dé con phu thude vao vat lieu do nhu
trén hinh 12.17 (dudng cong sé 1 déi w0
voi thép, s8 2 - déi vai polyme).

Cdm bién siéu dm. Cic loai
cam bién gidi thiéu & trén déu phu d
thudc vao vat ligu ctia vét thé duoc do.
Mie d¢ phy thudc nay cé thé gidm di
nhiéu khi diing cdm bién siéu am. 3 P %

‘Illlillll['lii

Trén hinh 12,18 mo ta cau tao
mot loal cam bién siéu am ding trong
ky thuat ngudt may dé nhin biét tin
hiéu gan. Phan chi yéu 14 bo bién am
dung chat gom dién (1) duge bao vé bing chat nhua téng hop (2). Tiép
theo 1a phin gidm am (3), cdp di¢n (4), vo kim loai (5) vi v6 boc (6).

Hinh 12.17. Quan hé gitta
dién dung va khoang cdch dén
vat do.

5
£

>,

Hinh
12.18.
g Cdm bién

siéu am.
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_ Pé tim hiéu hoat déng chia cAm bién siéu am, cin phan tich cic tin
hiéu khi nhan ciing nhu khi truyén am luong. Dang dién hinh cla cac tin
hiéu nay cho trén hinh 12:19. A 1a tin hiéu mang, B 1a céc tin hiéu phét ra
(1) va tin hiéu phan lai {2). Cdc xung C tich biét tin hiéu truyén va tin
hiéu nhan. D€ phan biét su khdc nhau giita cic xung, tuong iing véi tin
hiéu mang va tin hiéu phan lai, tao ra tin hiéu D. At 13 khoang thoi gian .
do nho nhat, con 1, + t, 1a khoang do 16n nhat. Cac khoang thai gian nay

“tuong ing voi khodng truyén séng trong moi trudng khi nhan duge tin
hiéu phan lai (lic d6 tin hiéu D ¢6 gié tri 16n nhét) s& hinh thanh tin hiéu
E va s& c6 gi4 tri bang khéng khi két thiic xung tin hiéu A. Cudi cung tin
hiéu F s€ hinh thanh khi xuat hién xung tin hiéu E va s€ 1a tin hiéu ra cha
cam bién siéu am hoat dong theo ché€ dd nhi phan.

1 M1 [ Mo .-

o8 I e 1 e T e s Y e s Y g
% I D A
A | I

Hinh 12.19. Tin hiéu siéu Gm
11.4.2. CAm bién tin hiéu xa.

Trong k¥ thuit ngudn mdy thudng trang bi cic cam bién tin hiéu
xa dé xdc dinh khoang cdch tir ché ldp dit cdm bi€n dén do6i tuong.
Khoang cach cé thé do dugc theo thii gian phat di va nhan lai tin hiéu xa
dung dé dan dudng cho ngudi mdy, gidp né xdc dinh cdc vi tri, hinh thé
cua doi tugng va tim cdch vong qua chudng ngai. Dudi day gidi thieu mot
vai phuong phdp nhan tin hiéu xa.

_ - Do tam giac la phuong phdp don gian do tin hiéu xa (hinh
12.20). Déi tugng duge chi€u sang biang mot chiim tia cla ngudn sang
(1), chiim tia nay tic dong vio bé mai déi tugng va phan xa vao dau thu -
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{2). Nhu vay cé thé xdc dinh khoang cach D tir quan hé kich thudc cua
tam gidc do. hinh 12.20. .

Hinh 12.20.
Phuong phdp do
tam gidc

- Do khoang cach theo thdi gian truyén tin hiéu.

+ Céch th nhat 12 xung dnh sang chi€u t6i va phén lai cung doc
theo mot dudng. Khi d6 khoang cich t4i bé mat d6i tugng duge tinh theo
cong thice D - ¢. T/2, v6i T - thoi gian truyén tin hiéy, ¢ - toc do dnh sang.
He thong dung xung lade ¢6 thé thu duge déng thoi tin hieu hai chiéu ty
1& véi khoang céch, nén 120 ra dnh clia dGi trong.

Hinh 12.21. Po khodng cdch theo thot gian truyén tin hiéu.
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+ Cach thit hai 12 dung tin hi¢u tia lade.
Trong cach thd hai thay tin hi¢u xung dnh sdng bang tia lade lién

tuc va khoang cdch duge tinh todn qua do 1éch pha giffa tia t6i va tia phan
hoi (hinh 12.21a).

Gia thict céc tia lade v6i bude séng A duge tdch hang hai: mot tia
huéng vé thiét bi do pha (P) dat cich khoang L, con tia kia chiéu vao hé
mat déi trong dat cich khoang D. Nhu vay quang dudng tong cong chiéu
t6i va phan hoi tir bé mat d6i twong D'= 1+ 2D. Néu D =0 thiD'=L va
lic d6 hai tia t6i thiét bi do pha cing mot ldc. Hai tia nay s€ cang léch
pha nhau (hinh 11.21b) néu D cang tang lén. Trong trudng hop nay ta co:

D= Lﬂi
360

vOi 6 - d¢ léch pha.

D¢ tich biet duge hai tia, tic 1a dé hai song khong tring nhau thi
0 < 360" hoac 2D < A.

Tir hai biéu thitc déi v6i D' suy ra:

6 A '
D=—-— 12.13)
360 2 -
Vay ¢6 thé xac dinh khoang cdch qua d¢ 1éch pha (8) n€u da bi&t
bude song (A).

+ Mot phuong phdp dién hinh khdc dé do khoang cich theo thoi
gian truyén tin hiéu 1a phuong phép siéu am. Y tudng co ban cia phuong
phdp nay cling tuong tu nhu trong phuong phédp diing tin hig¢u xung lade.

Tin hiéu siéu am dugc truyén di trong mot khodng thoi gian ngan
va van (¢ truyén am trong méi trudng coi nhu di bigt. Qua viée tinh todn
quang thdi gian giita tin hiéu truyen t6i va tin hicu phén hoi s€ ddnh gid
dugc khoang cach dén bé mat déi tugng do./.
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