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THIET K|, CHE T60 CO TfiY ROBOT CfiU 
KIEU TU^N HOBN CONG SU6T 

DESIGN AND FABRICATION OF A SPHERICAL ROBOTIC WRIST 
USING POWER CIRCULATION 

Pham Thinh Long 
Khoa Cd khi, Trfldng Dai hpe Ky thuat Cdng nghi|p - Dai hpe Thai Nguyin 

T 6 M TAT 

Truyen ddn cd khi cho robot edng nghiep theo hinh thdc tuan hodn cdng sudt thUdng dUdc dng 
dung cho robot ldm viec vdi tdi trong Idn, md dun co tay robot cd vung ldm viec mat cdu gom hai phdn 
chinh, phdn trUc tiep tao ra ba dudng true quay vd phdn ddng mach eua cdu true do tao thdnh ba mach 
vong khep kin doc lap. Long hdp cdu true ddng hgc Id dedUdc mdt hop toe do truyen ddn cd khi, co kich 

. thudc phu hdp, cd khd ndng khd chuyen ddng theo eua cd eau, vd tao ra mot ddng ndng lUdng khep kin 
nhdm khd khe hd cho xich ddng hoc ed yeu edu ddo chieu thudng xuyen. PhUdng phdp thiet ke d ddy ddi 
hoi xdy dUng mot he thong md hinh todn hgc ldm cd sd nhdn dang sd do dgng. 

ABSTRACT 

Mechanical drive using power circulation is often applied to the manipulators that work with 
heavy loads, and have wrist modules with spherical workspace which includes two main parts, one directly 
forms three rotation axes and the other close the circuit of that structure forming three independent closed 
loops.The synthesis of kinematic structure makes a speed box which has suitable dimention, the ability of 
eliminating the translational motion of the mechanism, and forms a closed power which can eliminate the 
clearance of the kinematic chain with the permanent requirement of reverse. This design method requires 
the buiding of a mathematical model that will be used to identify the kinematic diagram. 

1. GIuI THl£u vdi ket eau cho phep tuan hoan cdng suit ap dung 
cho khdp CO tay robot, trong dd quan tam den hai 

Trong ky thuat robot dp chinh xie truyin van de ca ban l i thiet ke cic ed ciu vi sai de khfl 
dpng dong mdt vai trd quan trpng vi de dat dfldc ehuyin ddng theo va phin chia efldng bfle truyen 
dieu nay co nhilu phUPng in, neu nhfl d cic robot ddng ra hai hfldng khic nhau cua hai phan tfl bd 
mang tai vfla vi nhd cac khe hd cd khi dUde khfl tri ddng true nham khfl hoin toin khe hd trong 
di dfldi tac dung cua cic giai phip dieu khien thi he thdng xich truyen lUc eua ed cau. Bii bao cung 
vdi cac robot tai trpng Idn, tuan hoin cdng suat trinh biy he thong md hinh toan hpc de nhan 
de khfl khe hd td ra la mot phUPng in hieu qua. dang lien kit trin sd do ddng thUc, dUa vio cac 
Trong bai bao niy de cap den truyen dan ca khi quan he ddng hpc dac trUng cua ca cau vi sai. 
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Kiem nghiem thUc te tren sin pham che 
tao d triidng DHKT Cdng Nghiep dildc gidi thi?u 
d cudi bai bao cho thay mdi ddng cO tic dpng de!n 
mdt true chap hanh tuong dng, khdng cd chuyd'n 
ddng theo khi cdng suat tuan hoan, dieu niy hoin 
toan phu hop vdi yeu cau dgt ra. 

2. TONG HOP CAU TRUC TRUYEN DAN 

DONG HOC K H O P CO TAY 

•f-'WVAA/ 
>—'—̂  

2.1 iVId ta nhiem vu thiet ke 

(iii sd can tao ra mpt robot cd tay cau vdi 
ba dudng true ddi mot vudng gdc, trong dd mdi 
true duoc trang bi mdt ddng co dan dpng rieng. 
Trong cau true ban dau gii sd ring cd Idn tai khe 
hd mat ben giijta cic bd truyen co khi, yeu ciu dat 
ra cua thiet ke ddng hpc d day la cic true phii 
boat ddng ddc lap va do chinh xic khdng bi anh 
hudng bdi cac khe hd cua bd truyen ngay ci d 
trang thii dio chieu. 

Mdi mdt bac tU do ciia robot thdng thudng 
cd so dd truyen dan dang nhu sau: 

N'jiiion 
chuyen 

BQ 
truyen 
ca khi 

Kh»ii 
cli.-ip 
hiiiih 

1 Nguon 
chuyen 
dpng 

^ 
N 

xich Iniyen Iv^ 

xich kim ra 

N 
^ 

Khau 
chap 
hinh. 

H.2b 
Hinh 2: Truyin ddn ddng kii'u tudn hodn cdngsudt 

cho mdt bdc tUdo 
dudi dang nguyen ly (a) vd ket cdu (b) 

(iia sfl loan bp co tay robot eau can thiet 
ke chia ra hai phan l i phan chap hanh gdm co tay 
eau vdi ba bae tU do quay vi phan khep kin mach 
cua nd ke c i ngudn chuyen dpng. 

N g u o n 
c h u y e n 
d p n g 

P h a n 
k h e p 
m a c h 

Co tay 
cau 3 bac 
t u d o 

Hinh 1: Truyen dan ddng hpc mdt bdc tU do 
kieu khdng tudn hodn cdng suat 

Vdi ba bac tfl do cua cd tay cau ve can bin 
se gdm ba xich dpng hpc cung cau true nhfl trin, 
de tdi flu vl kich thfldc phan truyin dpng cp khi 
dupe gdp chung thinh mpt hop tdc dp ed khi, 
trong do ed eae doan xich dpng hpc dung chung 
gifla cic true chap hinh. Dieu niy dan den khd 
khan Idn khi lien ket cic nhdm ddng hpe vdi nhau 
de dat dupc ddng thdi hai myc dich l i khfl khe hd 
CO khi va khfl ehuyen ddng theo cua khiu eudi. 

Hinh 3: Truyen ddn ddng hpc vdi ba bdc tU do 
cd tudn hodn cdng sudt 

Nhiem vu thiet ke dat ra d diy la neu xem 
phan khep mach ed ehfle nang ddng hpc nhfl mot 
t i , ngfldi thiet ke can dfla ra eae can cfl de xay 
dflng dflpc sd dd dpng cu the cua nd. 

2.2 Phfldng phap va md hinh thiet ke 

Ve phUdngphdp thiet ke 

Cae bp truyin hoac mdt to hdp cic bo 
truyen theo nguyin tae nao dd deu cd the mo ta 
toin hpe die trflng cua nd, trong trfldng hpp set 
do dan dpng cd trflde vi md hinh loan can cfl vao 
dd de xiy dflng nen thi gpi do la quan he thuan, 
neu md hinh loan cd trUdc va biet sd lUpr^ khau 
eung nhfl tinh chat chuyen dpng yeu cau cd the oc 
xuat cic ket eau hpp ly thi gpi l i quan he ngflflc 

Trong bi i to in vdi yeu cau n lu ra d myc 
2.1 vdi cic ylu eau cdng tac cua phan chap hanh 
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da cho trfldc, neu xem phan khep mach nhfl mdt 
hop den, ngUdi thilt ke se l im theo chieu ngUpc 
lai, tfle la dUa vao eac dac trUng cua bp truyen de 
xac dinh ra sd Iflpng vi thfl tfl td hpp cua chung 
vdi nhau, dieu dd cd nghia l i can cd mdt he thdng 
cic mo hinh toin hpc l im can cfl v i ngfldi thfle 
hiln ein cd hieu bilt siu sac vl cie quan he thuan 
va nghich khi suy dien. 

Ve mo hinh thiet ke 

Trong truyen ddng cP khi, d l liln kit 
ehuyen dpng quay cua ba true quay ed dUdng tam 
vuong gdc vdi nhau se sfl dung b inh rang ndn, cu 
the xet sd dd sau day: 

(y^3 = iy .cOy 

Trong dd /,, =i-2_.ii .^V ='3-i3 .^vi i,, î , i.^ la 
cae ti so truyen gifla true ddng ed va cie khiu chu 
yeu de tao ra cae bac tfl do chuyen ddng cua cau 
true. 

He phfldng trinh tren thiet lap cho ca cau 
ba bac tfl do chuyen ddng, cae quan he ddng hpc 
cua no dflpc suy ra tU cac md hinh ed so bac tU 
do bang hai sau khi chia cat th inh cic cau true ed 
hai bie tu do nhfl cau true sau: 

L-_-J_ 
r—1 

Hxnh 5: Cd cdu vi sai hai bdc tu do phdng 

He phfldng trinh die trflng cua cd ciu nay 
sau rut gpn cd dang 

(2) 

-i^,,((o^, -CO2) 

Hinh 4: Cd cdu cdu ba bdc tu do vdi bdn khdu nen 

Sa do niy flng vdi md dun ed tay cau d 
hinh 3, phan dong mach doi tiep vdi nd chfla 
dupc nhan dien. Xet ca cau co tay ba bae tU do 
nhfl tren hinh 4, dilu kiln phu thude ddng hpc 
eiia ehuyen ddng chap hinh vao chuyen ddng 
cua ba dpng cd din ddng dflpc bieu dien nhfl sau: 

Tl so truyin î ,̂ v i î ,̂ l i cic ti sd truyen hen 
kit khau 2 vi khau a vdi khau 2' khi can vi sai 1 l i 
dflng yen. Xet he vi sai phang cd ba bac tU do nhfl 

hinh vl: 

1 
R 

(1) 

2 -^-^ 3 

Hinh 6: Cd cdu vi sai ba bac tU do phdng 

Xem cd eau hai bac tfl do gdm cic khau 

nen la (2* 3', B') cdn banh vl tinh l i 3", gidng cd 

eau da xit d tren, phfldng trinh lien kit ddng hpc 

vdi ca cau niy tflpng tfl nhfl cd ciu d i xet d tren 

nen viet dUpc: 

-a)..=iys.io}g,-o),.) 

1.....0}„ = CO., 
(3) 

Do viy, he phUdng trinh md ta dpng hpe 

eua CP cau ba bie tU do d hinh 4 la: 
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(( ' ,«•'« • + h -ill • -'MI-'I • - h •'» • )«>i + ( ' . 

I /j ,/, .10... = ( / , , - /2 ,)«, - /, ra, + i, .CO, 

[/, ,ra„ - w, - w, 

Tii cic quan h? ddng hoc cua id lay hinh 

4 viet duoc: 

' : . ' '33 BB IB U S3 

Thay vao (4) va tdi giin hoa: 

2((o^ - ra.) = ra„ - ra , 

CO. - at. 
(5) 

Ke ca cic quan he kbit ro cua bin than cau 

-«,;«„ =-<»« 

'•» - ' M ' » • ) « , - ' 2 . ; „ . 0 ) 3 + ' M ' 2 • « ' « 

hinh, vay trong cau true ddng mach chi cdn lai 4 

CO cau, de thuan ti?n cho lien ket ki hieu cac chan 

ciia CO ciu vi sai: 

A(3x, d3, 2); B(4, d I, d2); C(Bx, d3,4); D(2, dl, d2) 

Trong dd cic chin ki hi?u d l , d2, d3 la 
cic chin ndi ngudn chuyen ddng, bien doi tuting 
ddong cd chu y d & cic quan h? ddng hoc ciia 
truyen ddng banh ring hinh tinh, sau khi riit gpn 
h^ phuong trinh m i CO cau ddng mach phii thoa 
min la: 

<y,v, + ft), = 26 )3 , 

fij,+fU8=2<ya 

Cac quan he ddng hoc ma ca cau ddi tiep 
ddng mach can thoa man la: 

« r f 3 = - ! j ( ® 2 + % ) 
(6) 

(9) 

Do cd ba bie tfl do Ung vdi ba khiu dau ra, 
de khep kin mach sfl dung bdn khiu nen, tong sd 
khau cua cau true: 

n = 3 + 4 = 7 (7) 

Sd bac tfl do eua cP cau w = 3, nen sd mach 
vdng kin tfldng flng p = 3. Nhfl vay so lUpng ed 
cau vi sai tdi thieu cua toin bd cau true: 

^ M = « o - w + ^ = 7 - 3 + l = 5 (8) 
w ^ ' 

Trong do cd mdt ed cau vi sai phan chap 

^di-

CO = 0 

Trong do bdn phUdng trinh dau bieu diln 
bdn ed eau vi sai, cic chin cung ten cua eic cd cau 
niy dupc lien ket vdi nhau. Bdn phUdng trinh ke 
tiep bil'u thi cae true trung gian d io chieu chuyen 
dpng trong cau true vi vi tri liln ket ngudn chuyen 
dpng vio cau true. Can cU vio h^ phUPng trinh 
nay phai xic dinh dupe sd do Uln ket cac cd cau 
vi sai vdi nhau. Cic chan eung ten cua cac cd cau 
khic nhau thi liln kit vdi nhau de tad thanh vong 
tuan hoin cdng suat. Ba ddng ca truyen dan noi 

gii ed dinh (hay ndi vdi khau cd tu,, = 0) bdn dau 
chd eua cd cau chap hanh ba bac tfl do gdm; 

Chan (1) liln ket vdi cd cau dan dpng 6 

phin khep mach la dl (theo quan he ta, = -(y^i)! 
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Chan (2) dflpc ndi vdi 5 theo quan he 

Chan (3) dflpc ndi vdi 3x theo quan he 

khflro 0}-i='-o>i,\ 
Chin (B) dflpc lien ket vdi Bx theo quan 

he khfl rP 6̂ 5 =-(^BX', 

Sa dd dpng va sd do nguyin li lien kit nhfl 

- Neu thio Id xo tao tai ddng true tren hinh 
8, ed the thay ngay khe hd mat bin inh hfldng 
trflc tiep den dp rP eua khiu cudi mdt each rd 
rang neu cho bat cfl mdt ddng eP nio boat ddng, 
nhat li d thdi dil'm dao chilu; 

- Neu true R̂  v i R̂  thing hing khi R̂  = 0, 
kich boat cae ddng cd M, vi M, sao cho R = - R 
cd the thay ban kep gifl nguyin dinh hfldng, dilu 
niy hoin toin phu hdp vdi ly thuyet ve cau hinh 
die biet, hdn nfla cd the thay co tay da dflpc dieu 
chinh tdt nin hoan toin khdng ed chuyen ddng R 
khi dao chieu M, va M,. 

Cd the kiem tra dupe rang cac mach vdnj 
kin i=l tfldng flng luon xuat hiln khi kich hoat 
cac dpng CP tfldng flng. 

3. CHE TAG VA KIEM TRA 

Co tay robot eau ndi tren da dflpe ehe tao 
thanh edng tai trfldng DHKT Cdng nghiep, DH 
Thai Nguyen, tren thflc te toin bd eau true hoat 
dong binh thfldng, cae thiet bi kiem tra chuyin 
dung xac nhin rang: 

- Hoin toin khdng cd chuyen ddng theo 
khi kich hoat bat ki mdt trong ba ddng ca Roll, 
pitch hoac Yaw; 

H.8(a) 

^m 

• Ddng CO vi true bi dan tao thinh tUng 
cap nhfl sau (M,-R|),(M^-R^),(M3-R3); 

- Du ehi mdt trong ba ddng cP boat ddng 
hoac nhieu ddng cP cung ho^t ddng, bao gid true 
mang binh rang Z5 va Z20 ciing quay vi tren true 

H.8(a) 
Hinh 8: Sd do ddng hpc hop ̂ dm tdc co tay hodn chinh (a) 

? dn tao gdc xoay dong true cho bdnh rdng Z20 (b) 

Dfldi day l i mdt so hinh anh ve ket eau 

nay dat Id xo t^o sfle cing nham khfl khe hd mat sau Mil che tao hoin chinh vi eae thdng sd chinh 
ben, CO the thay dd la doan di chung cua ca ba cua cd tay ndi trin. 
xich ddng hpc; 
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I linh 9: Mdi ^o linih tinh 

4. KET LUAN 

Kieu cd tay robot de cap trong bai bai bao niy l i mpt ket cau dae biet, nd flng dung mdt nguyen 
ly cd hpc ddc did de dat dflpc hilu qua cdng tie m i khdng can trang bi cac thinh phan ca dien tfl. Day 
l i hfldng flng dung vio eac tay miy lam viec vdi tii trpng Idn hoac nhflng mdi trfldng khd khan trong 
Wee bio vl eic linh kiln dien tfl. 

Truyen ddng tuan hoin edng suat l im cho dp cUng xoin ca hpe tang len, ket cau cua c6 tay cho 
phep khfl dupc khe hd ca khi, chuyen dpng theo gifla eae bac tU do va cho phep truyen ddng xa tarn, 
tuy nhiln ket eau phfle tap mang tinh ehuyen dung l im gii th inh tang eao trong khi hieu suit nhow 
xich ddng dii, diy la van dl can can nhde khi flng dung. 

Kit qua thu dflpc tren md hinh thUe cung cho thay cac liln ket dpng hpc trin sP do theo phfldng phap 
nhin dang dfla vio md hinh toin l i dung din. • 
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