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Glffi Tmiu VE MO BUN 

Vi tri, tinh chit ciia mo dun 

* Vi tri cua mo dun: Mo dun duqc b6 tri d~y sau khi h9c xong cac mon h9c/mo 
dun ky thu~t CO' SO', mo dun chuyen nganh .... 

* Tinh ch§.t cua mo dun: La mo dun tµ ch9n trong chuang trinh dao t~o nghS Di~n 
tu cong nghi~p. 

Mvc tieu ciia mo dun 

Sau khi h9c xong modun nay nguai h9c c6 nang lµc: 

* HiSu duqc c§.u true cua rob6t cong nghi~p 

* Mo ta duqc qua trinh ho~t d{mg cua cac rob6t dung trong cong nghi~p 

* L~p trinhva mo phong duqc cac chuySn d9ng cua ro b6t 

* Su d1,mg, bao tri duqc cac rob6t cong nghi~p dung qui trinh ky thu~t 

* Sua chfra duqc m9t s6 hu hong thong thuang tren cac rob6t cong nghi~p 

* Ren luy~n tinh ty mi, chinh xac, an toan va v~ sinh cong nghi~p 

Nqi dtJng ciia mo du 

1. Gi&i thi~u chung vS rob6t cong nghi~p 
2. C§.u true va phan lo~i rob6t cong nghi~p 
3. TruySn d§n d9ng di~n ca 
4. TruySn dful d9ng thuy khi 
5. Thi St bi cam bi Sn 
6. L~p trinh va mo phong cac chuySn d9ng cua ro b6t 
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Bai 1: GI61 Tmtu CHUNG VE Ro BOT CONG NGHI¥P 

1. SO' IU'Qi qua trinh phat tri~n ciia robot cong nghi~p (m : Industrial Robot) 

Thu~t ngfr "Robot" xu§.t phat tu tiSngSec (Czech) "Robota" c6 nghla la 
cong vi~c t~p dich trong v& lqch Rossum's Universal Robots cua Karel Capek, vao 
nam 1921. Trong v& lqch niy, Rossum va con trai cua ong ta da chS t~o ra nhfrng 
chiSc may gin gi6ng v&i con nguai dS ph~lC V\l con ngum. C6 le d6 la m9t gqi y 
ban diu cho cac nha sang chS ky thu~t vS nhfrng ca c§.u, may m6c bit chu&c cac 
ho~t d9ng ca hip cua con nguai. 

Diu th~p ky 60, cong ty My AMF (American Machine and Foundry 
Company) quang cao m9t lo~i may tµ d9ng v~ nang va g9i la ''Nguai may cong 
nghi~p" (Industrial Robot). Ngay nay nguai ta d~t ten nguai may cong nghi~p (hay 
robot cong nghi~p) cho nhfrng lo~i thiSt bi c6 dang d§.p va m9t vai chuc nang nhu 
tay nguai duqc diSu khiSn tµ d9ng dS thµc hi~n m9t s6 thao tac san xu§.t. 

VS m~t ky thu~t, nhfrng robot cong nghi~p ngay nay, c6 ngu6n g6c tu hai 
B'nh VlJC ky thu~t ra dai s&m han d6 la cac ca c§.u diSu khiSn tu xa (Teleoperators) 
va cac may cong Cl} di@u khiSn sb (NC_ Numerically Controlled machine tool). 

Cac CO' c§.u diSu khiSn tu xa (hay cac thiSt bi kiSu chuut&) da phat triSn 
m~nh trong chiSn tranh thS gi&i lin thu hai nhim nghien cuu cac v~t li~u ph6ng x~. 
Nguai thao tac duqc tach bi~t khoi khu vgc ph6ng x~ b&i m9t hue tuang c6 m9t 
ho~c vai cua quan sat dS c6 thS nhin th§.y duqc cong vi~c ben trong. Cac ca c§.u 
diSu khiSn tu xa thay thS cho canh tay cua nguai thao tac; n6 g6m c6 m9t b9 kt;p a 
hen trong (ta) va hai tay elm a hen ngoai ( chu ). Ca hai, tay elm va b9 kt;p, duqc 
n6i v&i nhau bing m(:>t ca c§.u sau b~c tµ do dS t~o ra ~ac vi trf va hu&ng tuy y cua 
t~y elm va b9 kt;p. Ca c§.u dung dS diSu khiSn b9 kt;p theo chuySn d9ng cua tay 
cam. 

Vao khoang nam 1949, cac may cotig Cl} diSu khiSn s6 ra dai, nhAm dap ung 
yeu cfiu gia cong cac chi tiet trong nganh chSt~o may bay. Nhfrng robot diu tien · 
thgc chdt ·la S\f n6i kSt gifra cac khau CO' khfccita CO' clu diSu khiSn tuxa v&ikha 
nang l~ptrinlrcua may cong Cl.I diSu khiSn s6. ·· · · · · · · · 

Du&i day chung ta se diSm qua m9t sb thaidi~m lich SU phat triSn cua nguai 
may cong nghi~p. M9t trong nhfrng robot cong nghi~p diu tien duqc ch8 t~o la 
robot Versatran cua cong ty AMF, My. Cung vao khoang thai gian niy a My xu§.t 
hi~n lo~i robot Unimate u1900 duqc dung diu tieh trong ky ngh~ oto. 

TiSp theo My, cac nu&c khac bit diu san xu§.t robot cong nghi~p : Anh 
u1967, ThuY. DiSn va Nh~t ul968 theo ban quy8n cua My; CHLB Due _1971; 
Phap _ 1972; a y _ 1973 ... 

Tinh nang lam vi~c cua robot ngay cang duqc nang cao, nh§.t la kha nang 
nh~n biSt va xu ly. Nam 1967 a truCYng D~i h9c t6ng hqp Stanford (My) da chS t~o 
ra m~u robot ho~t d9ng theo mo hinh "mitutay", c6 kha nang nh~ biSt va dinh 
hu&ng ban kt;p theo vi tri v~t kt;p nha cac cam biSn. Nam 1974 Cong ty My 
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Cincinnati dua ra lo~i robot dm;rc diSu khiSn bfulg may vi tinh, gQi la robot T3 (The 
Tomorrow Tool : Cong cv cua tuang lai). Robot nfiy c6 thS nang dm;rc v~t c6 khbi 
luqng dSn 40 KG. 

C6 thS n6i, Robot la sµ t6 hqp kha nang ho~t d(mg linh ho~t cua cac ca ciu 
diSu khiSn tu xa v&i muc d9 "tri thuc" ngay cang phong phu cua h~ thbng diSu 
khiSn theo chuang trinh s6 cfing nhu ky thu~t chS t~o cac b9 cam biSn, cong ngh~ 
l~p trinh va cac phat triSn cua tri khon nhan t~o, h~ chuyen gia ... 

Trong nhfmg nam sau nfiy, vi~c nang cao tinh nang ho~t d9ng cua robot 
khong ngirng phat triSn. Cac robot duqc trang bi them cac lo~i cam biSn khac 
nhau dS nh~ biSt moi truong chung quanh, cung v&i nhfmg thanh tµu to l&n trong 
ITnh vµc Tin h9c u Di~n tic da t~o ra cac thS h~ robot v&i nhiSu tinh nang dac bi~t, 
S6 luqng robot ngay cang gia tang, giathanh ngay cang giam. Nha v~y, robot cong 
nghi~p da co vi tri quan tr9ng trong caG day chuySn san xuit hi~n d~i. 

M9t vai s6 li~u vS sb luqng robot duqc san xuit & m9t vai nu&c cong nghi~p 
phat triSn nhu sau : 

(Bd.ngl.l) 
NuacSX Nmn1990 Nam 1994 NAm1998 

I {D"f/tlnh) 
Nh~t 60.118 29.756 67.000 
Mv 4.327 7.634 11.100 
Dtfo 5.845 5.125 8.600 
y 2.500 2.408 4.000 

Phap 1.488 Ll97 2.000 
Anh 51() 1.086 1.500 

Hanqu6c 1.000 1.200 

My la nu&c dfiu tien phat minh ra robot, nhung nu&c phat triSn cao nhit 
trong ITnh vµc nghien cuu chS t~o va su dvng robot l~i la Nh~t. 

2. Ung d1_lng robot cong nghi~ p trong san xuit : 

Tu khi m&i ra dai robot cong nghi~p duqc ap dvng trong nhiSu lTnh vµc du&i 
g6c d9 thay thS sue nguai. Nha v~y cac day chuySn san xuit duqc t6 chuc l~i, 
nang suit va hi~u qua san xuit tang len ro r~t. 

Mvc tieu ung d\lflg robot cong nghi~p nh&m g6p phfin nang cao nang suit 
day chuySn cong ngh~, giam gia thanh, nang cao chit luqng va kha nang c~nh 
tranh cua san phim df>ng thai cai thi~n diSu ki~n lao d9ng. D~t duqc cac mvc tieu 
tren la nha vao nhfmg kha nang to l&n cua robot nhu : lam vi~c khong biSt m~t 
moi, rit d@ dang chuySn nghS m9t each thanh th~o, chiu duqc ph6ng x~ va cac 
moi truong lam vi~c d9c h~i, nhi~t d9 cao, "cam thiy" duqc ca tu truong va 
"nghe" duqc ca sieu am ... Robot duqc dung thaythS con nguai trong cac truong 
hqp tren hoijc thµc hi~n cac cong vi~c tuy khong nijng nh9c nhung dan di~u, d@ 
gay m~t moi, nhfim l~n. 
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Trong nganh ca khi, robot duqc su d1,mg nhiSu trong cong ngh~ due, cong 
ngh~ han, dt kim lo~i, SO'Il, phun phu kim lo~i, thao lip v~n chuySn phoi, lip rap 
sanph§.m ... 

Ngay nay da xufit hi~n nhiSu day chuySn san xufit n_r d()ng gf>m cac may 
CNC v&i Robot cong nghi~p, cac day chuy@n d6 d~t muc n_r d9ng hoa cao, muc d9 
linh ho~t cao ... a day cac may va robot duqc diSu khiSn bAng cung m()t h~ th6ng 
chuangtrinh. / 

Ngoai cac phan xuang, nha may, ky thu~t robot cfing duqc su d1,mg trong 
vi~c khai thac thSm 11,1c dia va d~i duang, trong y h9c, su d1,1ng trong qu6c phong, 
trong chinh ph1,1c vfi tfl,l, trong cong nghi~p nguyen tu, trong cac Irnh vvc xa h()i ... 

Ro rang la kha nang lam vi~c cua robot trong m9t sf> diSu ki~n vuqt han kha 
nang cua con nguai; do d6 n6 la phuang ti~n hfru hi~u dS n_r d()ng hoa, nang cao 
nang su§.t lao d()ng, giam nhy cho con ngum nhfrng cong vi~c n~g nh9c va d9c 
h~i. Nhuqc diSm Ian nhfit cua robot la chua linh ho~t nhu con nguai, trong day 
chuySn n_r d9ng, nSu c6 m()t robot bi hong c6 thS lam ngung ho~t d9ng cua ca day 
chuy@n, cho nen robot v~n luon ho~t d9ng du&i sv giam sat cua con nguai. 

3. Cac khai ni~m va djnh nghia v~ robot cong nghi~p 

3.1. Dinh nghia robot cong nghi~ p 

Hi~n nay c6 nhiSu dinh nghia vS Robot, c6 thS diSm qua m9t s6 dinh nghia 
nhu sau: 

Bjnh nghia theo tieu chufin AFNOR (Phap) 

Robot cong nghi~p la m9t ca cfiu chuySn d9ng tg d9ng c6 thS l~p trinh, l~p 
l~i cac chuang trinh, t6ng hqp cac chuang trinh d~t ra tren cac tr1,1c to~ d9; c6 kha 
nang dinh vi, dinh hu&ng, di chuySn cac d6i tuqng v~t chfit : chi tiSt, dao c1,1, ga lip 
... theo nhung hanh trinh thay d6i da chuang trinh hoa nhAID thµc hi~n cac nhi~m 
V1J cong ngh~ khac nhau. 

Bjnh nghia theo RIA (Robot institute of America) 

Robot la m9t tay may v~n nang c6 thS l~p l~i cac chuang trinh duqc thiSt kS 
dS di chuySn v~t li~u, chi tiSt, dl,lllg c1,1 ho~c cac thiSt bi chuyen dung thong qua cac 
chuang trinh chuySn d9ng c6 thS thay d6i dS hoan thanh cac nhi~m V1J khac nhau. 

Bjnh nghia theo GOCT 25686u85 (Nga) 

Robot cong nghi~p la m9t may tµ d9ng, duqc d~t c6 dinh ho~c di d9ng duqc, 
lien kSt giua m9t tay may va m9t h~ th6ng diSu khiSn theo chuang trinh, c6 thS l~p 
trinh l~i dS hoan thanh cac chuc nang v~ d9ng va di@u khiSn trong qua trinh san 
xu§.t. 

C6 thS n6i Robot cong nghi~p la m9t may tµ d9ng linh ho~t thay thS tung 
phfin ho~c toan b9 cac ho~t d9ng ca hip va ho~t d9ng tri tu~ cua con nguai trong 
nhiSu kha nang thich nghi khac nhau. 

Robot cong nghi~p c6 kha nang chuang trinh hoa linh ho~t tren nhiSu tr1,1c 
chuySn d9ng, biSu thi cho s6 b~c n_r do cua chung. Robot cong nghi~p duqc trang 
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bi nhfing ban tay may ho~c cac CO' du chip hanh, giai quySt nhfing nhi~m Vl,l xac 
dinh trong cac qua trinh cong ngh~ : ho~c trµc tiSp tham gia thµc hi~n cac nguyen 
cong (san, han, phun phu, r6t kim lo~i vao khuon due, lip rap may ... ) ho~c phvc 
Vl,l cac qua trinh cong ngh~ (thao lip chi tiSt gia cong, dao C\l, d6 ga ... ) voi 
nhfing thao tac elm nim, v~n chuySn va trao d6i cac df>i tm;mg v6i cac tr~m cong 
ngh~, trong m9t h~ thf>ng may tµ d9ng linh ho~t, duqc g9i la "H~ thf>ng tµ d9ng 
linh ho~t robot hoa" cho phep thich ung nhanh va thao tac dan gian khi nhi~m Vt,1 

san xuit thay d6i. 

3.2. Bic t\f do cua robot (DOF: Degrees Of Freedom) 

B~c tµ do la s6 kha nang chuySn d9ng cua m9t ca ciu ( chuySn d9ng quay 
ho~c tinh tiSn). DS dich chuySn duqc m9t v~t thS trong khong gian, ca ciu chip 
hanh cua robot phai d~t duqc m9t s6 b~c tµ do. N6i chung ca h~ cua robot la m9t 
ca ciu h&, do d6 b~c tµ do cua n6 c6 thS tinh theo cong thuc : 

s 
w=6n- L, ip 1 (1.1) 

1=1 

n - S6 kha.u dQng; 
p1-S6kh6plo.µ i (i= 1~2, .. -~: S6b4c t!J:dobjh:µich~. 

Df>i voi cac ca ciu c6 cac khau duqc nf>i voi nhau bing kh(yp quay ho~c tinh 
tiSn (kh(yp d9ng lo~i 5) thi s6 b~c tµ do b&ng voi s6 khau d9ng. Df>i voi ca ciu h&, 
s6 b~c tµ do b&ng t6ng s6 b~c tµ do cua cac kh(yp d9ng. 

DS dinh vi va dinh hu6ng khau chip hanh cuf>i m9t each tuy y trong khong 
gian 3 chieu robot cln c6 6 b~c tµ do, trong do 3 b~c tµ do dS dinh vi va 3 b~c tµ 
do dS dinh hu6ng. M9t s6 cong vi~c dan gian nang h~, sip xSp ... c6 thS yeu clu s6 
b~c tµ do it han. Cac robot han, san ... thuong yeu clu 6 b~c tµ do. Trang m9t s6 
truong hqp cln sµ kheo leo, linh ho~t ho~c khi cln phai tf>i uu hoa quy d~o, ... 
nguoi ta dung robot v6i s6 b~c tµ do 16n han 6. 

3.3. H~ to, dq (Coordinate frames) 

M6i robot thuong bao g6m nhieu khau (links) lien kSt voi nhau qua cac 
kh6p G oints ), t~o thanh m9t xich d9ng h9c xuit phat tu m9t khau ca ban (base) 
dung yen. H~ to~ d9 gin voi khau ca ban g9i la h~ to~ d9 ca ban (hay h~ to~ d9 
chufin). Cac h~ to~ d9 trung gian khac gin voi cac khau d9ng g9i la h~ to~ d9 suy 
r9ng. Trang tung thoi diSm ho~t 
d9ng, cac to~ d9 suy r9ng xac dinh 
ciu hinh cua robot bfug cac chuySn 
dich dai ho~c cac chuySn dich g6c 
cua cac khap tinh tiSn ho~c kh(yp 
qucty (hinh 1.1 ). Cac to~ d9 suy r9ng 
con duqc g9i la biSn khap. 

z 

., 

Hinh 1.1 : Cac tO(} d~ SU)1 rt)ng cua robot. 
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Cac. h~ to~ d9 gful tren cac khau cua robot phai tuan theo qui tic ban tay phai 
: Dung tay phai, nim hai ng6n tay ut va ap ut vao long ban tay, xoe 3 ng6n : cai, 
tro va gifra theo 3 phuong vuong g6c nhau, nSu 
ch9n ng6n cai la phuong va chiSu cua tr\lC z, thi z 
ng6n tro chi phuong, chiSu cua trµc x va ng6n gifra 
se bi6u thi phuong,chiSu cua trµc y (hinh 1.2). 
xyOz ~--...-+----.r-±--+--+-..,.,. 

Trong robot ta thucmg dung chfr O va chi s6 n 
d6 chi h~ to~ d9 gin tren khau thu n. Nhu v~y h~ to~ 
d9 ca ban (H~ to~ d9 gin v6i khau c6 dinh) se duqc 
ky hi~u la 00; h~ to~ d9 gful tren cac khau trung 

. tu ' ~ 1' 01 02 O 1 H" t d" Hlnhl.2: Qui tdc ban ray pluii gian ong ung se a , , ... , nu , y o~ Q 

gin tren khau ch§.p hanh cu6i ky hi~u la On. 

3.4. Tnrirng cong tac cua robot (Workspace or Range of motion) 

Tnrcmg cong tac (hay vung lam vi~c, khong gian cong tac) cua robot la toan 
b9 th€ tich duqc quet boi khau ch§.p hanh cu6i khi robot thgc hi~n t§.t ca cac 
chuy6n d9rig c6 th€. Truong cong tac bi rang bu9c b&i cac thong s6 hinh hQc cua 
robot cfing nhu cac rang bu9c ca h9c cua cac kh&p; vi d1,1, ni9t~6p quay c6 . 
chuy8n·demg nh6 hon m9tg6c 3600. Nguoi ta thucmg dung hai hinh chiSu dS mo 
ta trucmg cong tac cua m9t robot(hinh 1.3). . 

IBnh chiiu dung IDnh chiiu bang 

Hinh 1.3 : Bilu diln tru&ng ctJng tac cmi robot. 



8 

Bai 2: c.Au TRUC VA PHAN LO~I RO BOT CONG NGm:¢P 

1. Ciu true CO' ban cu.a robot cong nghifp 

1.1. Cac thanh phdn chinh cu.a robot cong nghifp 

M<)t robot cong nghi~p thuong bao g6m cac thanh phkn chinh nhu : canh tay 
robot, ngu6n d<)ng h;rc, d1,mg C\l gin len khau ch§p hanh cu6i, cac cam biSn, b9 
di Su khiSn , thiSt bi d~y h9c, may tinh ... cac phkn mSm l~p trinh cung nen duqc 
coi la m<)t thanh phkn cua h~ th6ng robot. M6i quan h~ gifra cac thanh phkn trong 
robot nhu hinh 1.4. 

Caccam --:: 
b~n 

1 

&diAu • 
Thi6tbi - khiln vii Ngu&n .....,.__. Canh tay • - -
d~yh9c " dQngl~ robot maydnh 

' 
, 

Cacchoong DQng CV. 
trlnh thaotac 

Hlnh 1.4 : Cac thanh phdn chinh cda hf thong robot. 

Canh tay robot (tay may) la kSt c§u CO' khi g6m cac khau lien kSt v&i nhau 
bing cac kh&p d<)ng dS c6 th@ t~o nen nhfrng chuySn d<)ng ca ban cua robot. 

Ngu6n d<)ng h;rc la cac d<)ng ca di~n (m<)t chiSu ho~c d<)ng ca bu&c), cac h~ 
th6ng xy lanh khi nen, thuy h;rc dS t~o d<)ng h;rc cho tay may ho~t d<)ng. 

Dl,lng C\l thao tac duqc gin tren khau cu6i cua robot, dl,lng C\l cua robot c6 
th@ c6 nhiSu kiSu khac nhau nhu : d~ng ban tay dS nim bit d6i tuqng ho~c cac 
cong C\l lam vi~c nhu mo han, da mai, dku phun SO'Il ... 

ThiSt bi d~yuhoc (TeachuPendant) dung dS d~y cho robot cac thao tac ckn 
thiSt theo yeu cku cua qua trinh lam vi~c, sau d6 robot tt;r l~p l~i cac d<)ng tac da 
duqc d~y dS lam vi~c (phuang phap l~p trinh ki@u d~y h9c ). 

Cac phkn mSm dS l~p trinh va cac chuang trinh diSu khiSn robot duqc cai 
d~t tren may tinh, dung diSu khiSn robot thong qua b<) diSu khiSn (Controller). B<) 
diSu khiSn con duqc g9i la Modun diSu khiSn (hay Unit, Driver), n6 thuong duqc 
kSt n6i v&i may tinh. M<)t modun diSu khiSn c6 th@ con c6 cac c6ng Vao u Ra (1/0 
port) dS lam vi~c v&i nhiSu thiSt bi khac nhau nhu cac cam biSn giup robot nh~ 
biSt tr~ng thai cua ban than, xac dinh vi tri cua d6i tuqng lam vi~c ho~c cac do tim 
khac; di Su khiSn cac bang tai ho~c CO' cfiu c§p phoi ho~t d<)ng ph6i hqp v&i robot ... 
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1.2. K~t ciu cu.a tay may 

Nhu da n6i tren, tay may la thanh. phfin quan tr9ng, n6 quySt djnh kha nang 
lam vi~c cua robot. Cac kSt du cua nhi@u tay may duqc ph6ng theo du t~o va 
cht':rc nang cua tay nguai; tuy nhien ngay nay, tay may duqc thiSt kS r!t da d~g, 
nhi@u canh tay robot c6 hinh dang r!t khac xa canh tay nguai. Trong thiSt kS va su 
dl,lilg tay may, chung ta cftn quan tam d~n cac thong s6 hinh u d(mg h9c, la nhfing · 
thong s6 lien quan dSn kha nang lam vi~c cua robot nhu : tftm v&i (hay truang cong 
tac), s6 b~c tg do (thS hi~n sv kheo leo linh ho~t cua robot), d9 cung vung, tai 
tr9ng v~t nang, 1 vc kt;p . . . 

Cac khau cua robot thuang thvc hi~n hai chuySn d9ng ca ban 

• ChuySn d9ng tjnh tiSn theo hu&ng x,y,z trong khong gian Descarde, thong 
thuang t~o nen cac hinh kh6i, cac chuySn d9ng nfty thuang ky hi~u la T 
(Translation) ho~c P (Prismatic). 

• ChuySn d9ng quay quanh cac trµc x,y,z ky hi~u la R (Roatation). Tuy 
thu9c vao s6 khau va S\f t6 hqp cac chuySn d9ng (R va T) ma tay may c6 cac kSt 
c!u khac nhau v&i vung lam vi~c khac nhau. Cac kSt c!u thuang g~p cua la Robot 
la robot kiSu to~ d9 BS cac, to~ d9 trµ, to~ d9 cftu, robot kiSu SCARA, h~ to~ d9 
g6c (ph6ng sinh) ... 

Robot ki~u to~ d{) D~ cac : la tay may c6 3 chuySn d9ng ca ban tjnh tiSn 
theo phuang cua cac tq1c h~ to~ d9 g6c (ciu hinh T.T.T). Truang cong tac c6 d~ng 
kh6i chfr nh~t. Do kSt c!u dan gian, lo~i tay may nfty c6 d9 cung vfing cao, d9 
chinh xac CO' khi dS dam bao vi v~y n6 thuang dung dS v~ chuySn phoi li~u, Hip 
rap, han trong m~t phing ... 

T.T.T 

t 
Hlnh .15 : .Robot kil:u toq, d{) Dl cac 

Robot ki~u to~ d{) trv. : Vung lam vi~c cua robot c6 d~g hinh trµ r6ng. 
Thuang kh6p tht':r nhit chuySn d9ng quay. Vi d\1 robot 3 b~c tg do, c!u hinh R.T.T 
nhu hinh ve 1. 6. C6 nhi@u robot kiSu to~ d9 tr\1 nhu : robot Versatran cua hang 
AMF (Hoa Ky). 

Hltth 1.6 : Robot kilu totJ d<) l'tf,f, 



Robot ki~u to~ d<} ciu : Vung lam vi~c cua robot c6 d:;mg hinh clu. thuong 
d9 cung vung cua loe;ti robot nly th§.p hon so v&i hai loe;ti tren. Vi dl} robot 3 b~c n;r 
do, c§.u hinh R.R.R ho~c R.R. T lam vi~c theo ki@u toe;t d9 clu (hinh 1.7). 

R.R.R R.R.T 

Hinh 1.7 : RiJbot kilu toq, d(J cau 

Robot ki~u to~ d<} goc (H~ to~ d<} phong sinh) : E>ay la ki@u robot dugc 
dung nhiSu hon ca. Ba chuy@n d9ng dfiu tien la cac chuy@n d9ng quay, trl}c quay 
thu nh§.t vu6ng g6c v&i hai tfl}c kia. Cac chuy@n d9ng dinh hu&ng khac ci:ing la cac 
chuySn d9ng quay. Vung lam vi~c cua tay may nfiy gin gi6ng m()t phln kh6i clu. 
T§.t ca cac khau dSu nfun trong m~t phing thing dung nen cac tinh toan C<Y ban la 
bai toan phfug. uu di@m n6i b~t cua cac loe;ti robot hoe;tt d()ng theo h~ toe;t d9 g6c la 
gc_m nht;\ rue la c6 vung lam vi~c tuong d6i Ian so v&i kich co cua ban than robot, 
d9 linh hoe;tt cao. 

Cac robot hoe;tt d9ng theo h~ 
toe;t d9 g6c nhu : Robot PUMA cua 
hang Unimation _ Nokia (Hoa Ky_ 
Phin Lan), IRb _ 6, IRb _ 60 (ThuY. 
E>i@n), Toshiba, Mitsubishi, Mazak 
(Nh~t Ban) .V.V ... 

I 

Vi dl} m9t robot hoe;tt d9ng 
theo h~ toe;t d9 g6c (H~ toe;t d9 phong 
sinh ), c6 c§.u hinh RRR.RRR Hmh 1.8 : Robot hoq,t dr)ng theo hf toq, dr) g6c. 

Robot ki~u SCARA : Robot SCARA ra doi vao nam 1979 te;ti truong de;ti 
h9c Yamanashi (Nh~t Ban) la mQt ki@u robot m&i nh~m dap ung sµ da d<;lllg cua 
cac qua trinh san xu§.t. Ten g9i SCARA la vi~t tit cua "Selective Compliant 
Articulated Robot Arm" : Tay may mSm deo tuy y. Loe;ti robot nfiy thuong dung 
trong c6ng vi~c lip rap nen SCARA d6i khi dugc giai thich la tu vi~t tit cua 
"Selective Compliance Assembly Robot Arm". Ba 
kh&p diu tien cua ki@u Robot nly c6 c§.u hinh 
R.R.T, cac trl}c kh&p dSu theo phuong thing dung. 
Sa d6 cua robot SCARA nhu hinh 1.9. Hinh 1.9 : 
Robot ki@u SCARA 

Hinh 1 .9 : Robot kieu SCARfi 
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2. Phan lo~i Robot cong nghi~p 

Robot c6ng nghi~p dt phong phu da-d~ng, c6 thS duqc phan lo~i theo cac 
each sau 

2.1. Phan Io~i theo k~t ciu : 

Theo kSt du cua tay may nguai ta phan thanh robot kiSu to~ d◊ BS cac, 
KiSu to~ d◊ tn;t, kiSu to~ d◊ du, kiSu to~ d◊ g6c, robot kiSu SCARA nhu da trinh 
bay&tren. 

2.2. Phan Io~i theo h~ th6ng truy~n dqng 

C6 cac d~ng truySn d()ng ph6 biSn la : H~ truySn d()ng di~n : Thuong dung 
cac d()ng ca di~n 1 chiSu (DC·: Direct Current) ho~c cac d9ng ca bu&c (step 
motor). Lo~i truySn d9ng n§.y d6 diSu khiSn, kSt ciu g9n. 

H~ truySn d()ng thuy h,rc : c6. thS d~t duqc c6ng suit cao, dap ung nhfmg 
di Su ki~n lam vi~c n~g. Tuy nhien h~ th6ng thuy h,rc thuong c6 kSt ciu c6ng 
kSnh,.t6n t~i d◊ phi tuySn l&n kh6 xu ly k:hi diSu khiSn. 

H~ truySn d9ng khi nen: c6 kSt du.g9n nh~ han do kh6ng c§.n din nguqc 
nhung l~i phai gin liSn v&i trung tam ta<;> ra khi nen. 

H~ n§.y lam vi~c v&i c6ng suit trung binh va nh6, kem chinh xac, thuong chi 
thich hqp v&i cac robot ho~t d()ng theo chuang trinh dinh sin v&i cac thao tac dan 
gian "nhic len u d~t xu6ng" (Pick and Place or PTP : Point To Point). 

2.3. Phan lo~i theo wg d1_mg 

Dva vao ung d1;mg cua robot trong san xuit c6 Robot san, robot han, robot 
Hip rap, robot chuySn ph6i .v.v ... 

2.4. Phan lo~i theo each thrrc va dJc trrmg cu.a phuO'ng phap di~u khi~n 

C6 robot diSu khiSn h& (m~ch diSu khiSn kh6ng c6 cac quan h~ phan h6i), 
Robot diSu khiSn kin (hay diSu khiSn servo) : su dvng cam biSn, m~ch phan h6i dS 
tang d◊ chinh xac va muc d◊ linh ho~t khi diSu khiSn. Ngoai ra con c6 thS c6 cac 
each phan lo~i khac tuy theo quan diSm va mvc dich nghien cuu 
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Bai 3: TRUYEN DAN D(>NG DI¥N CO 

1. Truy~n d§n ctqng CO' khi 

Tmyen dfut d()ng cu khf co rat nhieu lo~i h1nh. Chung duqc dung n}ng rai trong ky 
lhu(ll may n6i chung va lrong ky thu~t robot noi rieng. Ngoai nhung loc_ti truyen 
d!n dqng cu khf ph6 thong Oday chung ta de c~p den m(>t so thiet bj hay dung 

trong ky thu~t robot con tuong dot moi me. 

1.1. Bq truy~n banh rang song 

Et)· tmytfo banh rang song ( The hannonic drive) khac bi¢t so vcri ctic Jo~i truy~n 
d(mg banh rang khac i:J chb no co m()t banh rang mem tmy6n song bien d(j.ng va 

nho v~y ma truyfn duqc chuy6n d()ng quay . 
Bl) tmyen banh rang song g6m 3 b() ph{m co ban banh rang mem 1, banh rang 

cung 2 va ph:in tr,m song b. Banh rang m6m c6 d,ng ong vo mong. M()t da'.u 6ng 

n6t vui tfl}c quay m1, con d4u kia duqc cfit rang vdi s6 rang z1, vanh rang na,y dugc 
bi€n. 
d~ng di nujt d~i luqng 2W0 do can t~o song gfty nen. nhu mo ta trfn stl d·6 tiet dt¢n 
cat ngang hlnh ve 8.1. Do tac d(mg dia cdn t~o s6ng vanh ni.ng mem tu h1nh tron 
bie~n d~mg thanh hlnh elip. Chu vi vanh rang khi bien d~mg sn vcri chu vi vanh rang 

khi chu:a bien d1µ1g t~o ra hai song. Phtrcmg a la phuung bien d~ng lon, con ph11<1ng 

b la phm;mg bien d~ng nho. Dinh song bien di;Ing rnlm tren phm:mg A. con day 

song bi.en d~ng mlm tren phucmg B. Tuy thco each ~o song, s6 song bien ~ng c6 
th~ fa I. 2,. 3 ... thong thuong la bQ truy~n hai s6ng va quan h~ s6 rang giua banh 

rang mem va banh rang c(rng la 2 2 - Z 1 = 2. 

8() truy~n hanh rang song con dung de truyen chuyen d(,ng qua v~ch ngttn kf n. 
cho rien vo mong m()t lhtrbng lam kfn m9t diiu. Can t~o s6ng dung de h1nh thanh 

va truyen song bien d~g tren banh rang mem. C6 the t~o song bAng phuong phap· 

co khi, di¢n tit, khi nen. Theo phuong phap ca khf co th~ dung hai con Ian. bon 
con Jan, cfia Ian. vong Ian ho~c cam Hin, 

Su dl}.ng truy~n d(ing banh rang. 

Do co cac tfnh chat noi tren, tmyen d()ng banh rang s6ng dUQC dung chu yeu i:J 
cac b6 truyen co t❖ sO truven cao, cac bo truyen dbi hoi do chfnh xac cao, cac ca 

.. .... ,J, ,J. ' .. .... .. • 

cai1 c6 quan tfnh nho va yeu cau tac dqng nhanh trong h¢ thong: dieu khii!n 1:1! 
dqng. cac khop dc)ng trong tay may. Ngoai ra con dung de tmycn chuy6n dQng 
xuyen qua vach ngan va kfn khft d6i vai moi tnrong hoa chat ho~c ph6ng x~. 

Trong than h¢p l di_it d()ng ccr di~n 3 va b() ph~n 2 nh~n tin hi¢u phan hoi lien h¢ 

v&i tn}.c d(mg co bfmg cac banh rang 4, 5, 6. Banh rang 5 gan lien voi tfl}c 10 dau 
vao bQ truyen banh rang song. Tr1:1c 1 O la tfl}C khu:yu. tren d6 giin cac rua chinh d~ 

t~o song bicn ding cho banh rang mcm 8, Banh rang 8 nay an khop v6i banh rang 
cung 7 c6 d!nh va gan v6'i tn;tc d!u ra cua b() truyen banh rang song. 
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1.2. B(> truySn banh rang con Ianll' cycloid hanh tinh 

:Trong nhfrng nam gan day truyen d9ng banh rang cycloid li;!i drr<Je quan tam, 

ngbicn Cl!U r(mg rai b cac b¢ truyen dan trong robot Tmyen d9ng nay co nhieu uu 
diem nhtr: D~l duqc ty s6 tmyen cao, gqn nh~. d◊ ben va chinh xac deu cao hon so 
vm nhieu mrn_ti tmyen d9ng khac. Tuy nhien l~i yeu cau cao v~ d(> chinh xac che 
l~o va lip rJp. La sa dO mc)t hQp giam toe banh rang cycloid hanh tinh. &'inh rang 

b co so rang Z1, banh rang a co so rlng Z2 = Z1 + L Khi quay can h banh rang v¢ 
tinh b c6 chuy~n d(mg song phlng va nha co dfu tay quay d lam cho banh rang c 

quay theo. Tf ;SO truyen can quay den Il'1;i'C cua banh rang C fa Uuc = -Z1, 

Do1. vai h◊p giam toe m◊t cap ty so truy~n d~t tdi 87 con doi. vdi h()p giam toe 
hai cap hofc 3 cap c6 the dtit dugc ty so truyen rat cao. 

Trong banb rang cycloid hanh tinh m◊t banh rang c6 rang hlnh con lan, con banh 
rang an khop voi n6 co dtmg rang h9 duung epicyloid. 

1.3. TruySn d{>ng dai 6c bi 

Truyen dqng vit dai 6c bi (ball screws) duqc dung dau tien trong c<J cau tay lai oto 
hang General motors. Nhung nam d:0.u cua th~p nitn 50, Beaver Precision ta hang 
dau ti~n thiet ke va ch! t~o be) truy~n dai 6c bi cho cac may di~u khi~n s6. Ngay 
nay da rat nhieu hang san xuat bt.) truyen vft dai 6c bi. nhieu cai tien moi va llng 

d1Jng r¢ng rai trong nhieu finh vqc. tmng do co ky thu~t robot. CT,ng d1;mg chu yeu 
,ctm. b() truy¢n vft dai oc bi la de bi.en chuyen d(>ng quay sang chuyen d()ng t~nh 

tien. Nbi¢m v1;1 nay c6 the duqc thqc hi¢n bdng b9 trnyen thanh rang, h.inh rang 

ho~c b() truy~n vft bi dai 6c thuung. 0 day ta cho chen v.ao giua m~t tiep xnc cua 
dai 6c va vit me la nhilng vien bi dan den hi¢u xuat cua b◊ truyen d,t gia trj rat 
lon. Tuy nhi~n di¢n tiep tiep xuc l{li be di ntn kha nitng chju tai chap hon. Vl v~y 
phai ch9n l\fa quan b¢ hgp 15, giua dtrbng kfnh vi~n bi va dubng kinh tie't di¢n cit 
ngang cua cac danh Ian. phi:1 hgp voi cac di~u ki¢n llng d~ng c~l the nhu toe de) dy 

chuyen, hi¢u ung mang dau thuf d(mg vit kfch cu b<) truy!Sn. 

2. Ung dl}ng truySn d{>ng di~n 

Truyen d()ng di¢n dm:je dung kha nhi~u trong ky thu(U robot, v1 co nh[mg au 

diem nhrr dieu khi~n don gian, kh6ng phiH dung cac b() bitn d6i ph\1 tb~m. kh6ng 
gAy ban dm mOi tnrong. cac loaf d¢ng co hi¢n diji c6 th6 lap tn;rc ticp trcn cac 
khopquay. 
Tuy nhien so voi truy~n d9ng thuf khi thl truy~n d(>ng di¢n co ty· 1¢ thap giua 

cong suat truyen tren m(>t don v! khoi hrgng va thong thuong doi hoi kem theo hqp 
giam toe c6ntr ktnh vl tron°· tav may c6 toe do •quav rat cham. C t, .,,. ... ~ ..,. 

Tmng ky thu*t robot ve nguyen tic co the dung d(mg ca di¢n cac lo~i khac nhau 

nhung trong thl}c te chi c6 hai Jo~t du,qc dung nhieu hon ca d6 la dqng co di¢n m¢t 

chMu va d¢ng co buoc. 
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Ngay nay do nhtrng thanh cong mai trong nghien CU'U di6u khi~n d¢ng ccr xoay 
chi~u nen cung co xu huong chuyin sang su dt,mg d(>ng cu xoay chi~u d6 tranh 

phai trang b! them be} ngu6n di¢n m<}t chieu. Ngoai ra lo~i d()ng cO' di¢n rn(lt chieu 

khong co gop cung bat d~.u duqc ting dt;mg nhicu. 

2.1. :D{>ng ccr di~n m{>t chi~u 

Khili ni~m ve dtj1zg cu di!11 m(Jt chie·u 
D◊ng co di~n m()t chii!u g6m co hai phdn: 
a) Stator co dinh voi. cac cu(:m dfly c6 dong di¢n can ho~c dtmg nam chttm v"inh 
cfuL Phan nay con g9i la phan cam. Phan cam t~o nen tit thong trong khe ho 
khong khf. 

b) Roto vdi cac thanh dan. Khi co dong di~n m()t chieu chi;ly qua va vdi dong tit 

thong xac dinh, roto sc quay. Phan nay tWi la phan ting. 
Do kbpc nhau khi b6 :ri dAy tren cuQn ph.in cam so voi phan ung ta co nhfi'ng log.i 
d(>ng co di¢n m(H chitu khac nhau: 
- U()ng ccJ kich lit song song. 
- Uqng ca kfch tit noi tiiipa 
- D(mg ca kfch tir h6n hgp .. 

Cac d~i Ju:qng chi'.1 yeu xac dinh si.r lam vi¢c cua d()ng co m()t chieu Hi: 
U - Di¢n ap cung cap cua phan ling. 
l - Cubng d◊ dong di¢n trong phti.n ung. 
R - Ui¢n tro trong cita phan (rng. 

<j> - Tit thong trong khe ho . 
E - Sue phan di¢n d(mg phan ung . 
Cac quan h¢ co: ban khi. lam vi¢c la: 

E== U - rl = kn$ (8.l) 

K ph~t thU(lC vao d~c tinh cua day cu6n va s6 thanh ddn Uic d1,mg cua phan ung. 

Tu (8. l) c6 cac nhan xet sau: 
- Khbi d9ng: E b¼ng O khi m& may, chi c6 di¢n tr& phan ung R rat uho h{m che 

dong di¢n. Vl the •ctfo phai c6 bicn trb m6 may de duy tr1 I b gia trj thfch hqp. 
- S6 vong quay 

U-/r 
n=--

k@ (8.2) 

V ~y di6u chinh loc d() co the' tien hanh bang crkh tac d(>ng V"&O di¢n ap U 

ho~c tac d<)ng. vao tu thong (I".> • 
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- Mb men d<)ng C xac dinh tu phuang tr'inh ,can bting c6ng suat. 

EI = 2rr nC {8.3) 
Ket hgp ta co : 

(8.4) 

Die'u chlnh toe di} d<J,ig cu dien ni{!t chieu 
Ve pbuong di¢n dieu chinh toed◊ th) dQng co di~n m◊t chieu co nhit!u uu vi~t 

hon bin cac d(mg cu khac. Kha nang ditu chinh t6c d() oo dang trong dai d<)ng va 

co cau true m,cn lqc va m,ch dieu k:hien doo giao. 
Nhu da n6i i1 tren~ co hai phrrong phap co ban de dieu chinh toe d◊ dc)ng co di~n 

m<)t chitu: 

- Tac d¢ng ltn tu thong q> thong qua vi¢c di.tu chinh dJ~n ap dong kich ti:r. 
- Dieu chinb di~n ap phtin thlg . 

Khi dieu chinh t6c d(} tu Oden toed(> dinh inuc bang each giu tu thong khong d6i 
va tac dgng di¢n ap phan ung U th l mo men se khong doi dm cong suat tang tbeo 

toed¢. 
Khi dieu chinh t6c d◊ tu O d~·n t6c d◊ djnh ml1c bang ,each tac d¢ng l~n tu th6ng 

va giu di¢n ap phan u:ng khong d6i th1 mo men khong u6i con cong suat giam ilieo 

t6c d(). 
Khi tu thong lien ve O th1 toe d9 tien den vo cung vl v(1y khi khong tai d()ng cd 

kfch tu n6i tiep c6 t6c dq qua Ion, cac lo:µ d(>ng ca kfch tu song song ho~c h6n 

hqp deu qua toe d◊ neu cat mijch tu ciia no. 
Ddo chietl quay 

Chi~u quay cua phan tmg phi, thu<)c vao chieu dong di~n trong day quan phan 
ung va chi~u quay cua tu truang. De d6i chieu quay cua d()ng C(l di¢n m(H chieu 

c!n d6i ho,c chieu cua tit thong ho~c chieu cua dong di¢n phan ung. 
2.2. D{>ng cO' bmrc 

Nguyen tile hof!,t d{Jng. 
[Ian gian nhat la d(>ng cq bu& lo,;ti dan dung nam cham v1nh cim gom stator co 4 

cqc va rotor c6 hai qrc. Neu cap di,¢n cho cuc)n day a. va a: thl rotor se dirng ct vi 

trf ma dong tit' qua cm}n Ia Ian nhat Neu cap di¢n cho cu6n day ~ va il ilil rotor se 

quay di. ±90° (phi.} thu()c vao chieu dong di.¢n d(p vao). Khi dong thcti c.fp di¢n cho 

ca hai cut)n day a. va J3 th1 rotor se dung o vj tri giua 0° va 90° va ne'u dong di,~n 

vao hai cu9n day hoan toan nhu nhau thi rotor se dirng b V! trL 

Nhu vty vi tfl cua rotor pht.1 thu()c vao so cqu duqc cii:'p trcn stator. va chicu cua 
dong di¢n cap vao. 
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lfu nh1tqc dilm 
Vi¢c sit d1;mg chiing trong h¢ thong dieu khitn co nhi~u thu~ lgi. 

- Khong cin m~ch phan h6i cho ca ditu khiin v~ lri va v~n toe. 

- Thfch hqp voi dieu khi~n s6. 
Uu diem Ion nhat cua d¢ng co buoc trong dieu khitn vi trf la khong can phan hoi 
va ditu khi~n s6 tn,c Hep (ghcp n6i tn}c Hep vui may tfnh). Voi kha nang dieu 
khi~n s6 l1'£C tiep, dqng co bm.S;c trb thanh rat thong d~mg trong cac thiet b! hi~n 

dc.ti nhu r6b6t c6ng nghi¢p, may c6ng c~ dieu khiifo s6, cac thiet bj ngo~i vi cua 

may tfnh nhu trong may in kim, be) dieu khien 6 dia may vi tfnh. may ve ... 
Tuy v~y ph~m vi ung dl}.ng cua d9ng co bu6'c van la CJ vung cong :suat nho va 

trung blnh. Vi¢c nghien cuu nang cong suat cua d¢ing ,co buoc dang la v[n de rat 

dUQ'C quan tilm hi¢n nay. Ngoai ra noi chun:g hi¢u suit cua no van thap hctn so v6i 
nhi~u lo~i d9ng ca khac. 

Cac thong sif cua df)ng cu .buuc 
06cquay: 

Dqng co blWC quay l g6c xac d[nh ung voi mice xung kkh. Goe buoc 0 cang nho 
thl d('I phan giai cang cao. So bmx s la m()t thong so quan tn;mg s = 360°/8. 

Toe ll(i quay 1,•a tiln sti xutzg 

Toe d9 quay cua d9ng co pht;t thu9c vao so buoc trong m(H giay. Doi v6i hau het 

cac d◊ng co budc so xung cung cap cho d¢ng co bang so nen t6c d◊ co the tfnh 
theo tin s6 xung t T6c d◊ quay cua d()ng oo dttqc t{nh theo c6ng thuc sau. 

60l 
n=-· 

s 

Trong do: n- toe d9 vong quay (vong/gitty) 

f-. tan so buoc. 

S- s6 bu6'c. 

(8.5) 

Ngoai ra con cac th6ng s6 quan trQng khac nhu d◊ chfrlh xac vi trf vi trf, ry s6 mo 

men va quan tinh. D◊ chfnh xac vi trf cua d¢ng co buoc ph\l thu()c vao d~c tfnh 
cua d¢ng cq, vao d() chfoh xac che t~o ... vv. T51 s6 truy~n m6· men va quan dnh 

robot co anh huang quyet dinh de"n khi.\ nang dung ngay khi chuOi xtmg c.ti~u khi~n 
dangtk 

Cdc loqi d(>ng cu bu6c. 
Robot. dqng ca buoc duqc chia lam cac lo~i: 

- U9ng ca buoc l~i trir bien d6i (VR ). 
~ D9ng CO' bl.roe nam ch:im vinh dru (PM). 

~ D(mg co buoc ldeu lai (hybrid), 

Tuy theo s6 cu()n day d¢c Itp trcn stator dr,mg cu buoc dm:;,c chuia thanh cac 10,t 
2 pha, 3pha h~c 4 pha. 
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DQng cu buuc c6 th€: duc;1c chia then each dau day, khong lien quan den den s6 pha 
co cac dang noi dav: . .. 

a/ 2 pha: 4diu day. b/2 6 dau ddy. 
c/2 pba :8 dliu day. d/2 : 4 ddu day. 
e/4 pha: 8 dau day. f/4 pha: 8 ciau day. 

Rotor co nhieu Cl!C, con gQi 1a rang. S6 ClfC cua rotor ph61 hqp voi s6 ClfC cua 
stato xac ,djnh gia ttj goc buac 6. Nhtr bieu thuc (10.22) c6 g6c bu<k e bang 360° 

chia cho s6 buuc. G6c buac 16n nhift la 90° ung voi d(mg ca c6 4 buoc. Phlin Ion 
bun a· ,.., ti/· · ,. ~· brr6' 200 · 0 1 go n g . gng c..,, :c u;,n nay co so . . c s :; ... , nen , == , , • 

S6 bu6c ding loo. d◊ phan giai dmg cao va djnh. vi cang chinh xac. Trong thvc te 
cung kh◊ng the tang so buac len qua cao. Tuy nhien. cong ngh¢ l~o buuc nho de 

chia thanh 2 nira b116'c hoij.c tu 10 den 125 buoc nho,. 

b) 

oD e) 

ffinh 8.1 sq do dau day 

EJ{Jng C(I bua:c lo~i tit trii bien Q(JJ. 

c) 

Rotor cua d(mg co bu'tic VR lam bang sdt non co, nhi~u rang. Stato cung c6 cac 
rang cung cu6n cam. Khi dong di~n ch~y qua m(H cu¢n dim tren stator sinh ra 
m¢t tit tnrang lam cho rang tren rotor bi hut thing hang vdi rang t:uong ting tren 
stator. Khi dong di¢n duqc cap sang mt)t cm}n cam khac, rotor chuyen d!ch m(>t 
goc. Goe b'tl'dc cua d()ng co VR thucmg la 7.5f) ho~c 15°. D~c diem dia dt.)ng ca 
buck VR la do stator sllt non co quan tfnh nho hon cac log.i khac nen cho phep dap 

ung nhanh hon. Tuy nhien do rotor khOng c6 tit tnrang nein kh6ng mo men du do 

d6 khi ngung kich thi'ch dt)ng co se con quay tl! do. 



fJ<)11g Cd buo:c 11am chiim VUlh cm,. 
D9ng co- bmtc P!\1 co tit truong trong rotor nen c6 mo men giii' khi d(?ng co- khong 

kkli holr,lt 1\-fl>i rang cua tir tnrong dcu hu6ng tf]JC Cl}C tfnh lam nam hoijc bac. 

Trong k5' thu~t hi¢n d~i rotor duqc lam 6 d~ng dia mong bang v~J li¢u tu tfnh d~c 

bi¢L Dfa duqc nhiem tit d€n 50 c~p cq:c nam- bic xen 15.n nhau. M()t s6 d◊ng co 

buoc c6 tit truong duqc d1ra vao stator ct~ tang tu truong va t~o m6 men Ion hon. 

Don!! cd bm'.k PM doi hoi ft nanc: lm:rm.! kfch hoat hem cac Joai dong co khac . 
... "'-,;.:, >_;., , i...- .. , .. '-' 

Chung con co d~c tfnh tat dao d()ng t6t hon. G6c bu6'c cua chung bao gom tat ca 
ciic buoc chrnfo 1,8'0 ; 7,5° ; 15°; 30°~ 45° va 90°. Tren hlnh ve fa so do d(_,ng ca 

buoc PM 4 pha. 

fJ{jng cu buuc kilu lai (hyprid). 

D¢ng co buocc ki~u lai kct hqp cac d~c tfnh dia d◊og co buoc VR va dqng ccr 

buoc PM. D¢ng ccr bu6c kiiu lai ca nh.ie-u rang rotor hon va m6 men Ion hon. C.:k 
goc buac lhOng d~ng d1a dQng co btrac kieu lai ]a 0,9° va J ,8°. 
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Bai 4 : TRUYEN DAN B(>NG THUY KHi 

1. Cac khai ni~m CO' ban 

Trong ky thuit nguoi may cong ngh.i9p rat hay dung cac h¢ thong tmyen din 
thuy lgc hoijc khf nen. Trong ciic h¢ thong nay nang h.rqrtg duqc truye:n di bang 

chit long ho~c chftt khf dtroi tac dvng cua ap h,rc ~o ra tir cac ngu6n may bam, 

may nen. 

Ap suat P cua chat long hoijc chat khf c6 th6 hi~u nhu m)i the nang cp trong niqt 

don vi th~ tfch. Thuung dung don vi do la Pascal (P,3) ho~ bar ( 1 bar = 105pJ. 

Ngoai ra con phan the nang eg phl} thu()c d(} cao cu.a chat long ho~c cha·t khi du6'i 

tac dung· cua sue hut trong tntong. Tuv nhien trong· tav mav SU thav d6i d6 cao nay 
ti . .. ~' ~ "" /;/ .. J .. -

khl;.ng lon n~n c6 th~ oo qua e~r 

· M~u kha.c chit long hoic chit khf chuyin d(>ng trong h¢ th6ng voi v~n t6c u t'-10 ra 

mgt d(}ng nang tfnh tren m(>t dcm V! thtf tfch la ec = l/2mr1 (zy la m~t d()). 

Nhrr v.~y c6 th~ xem xet hai nh6m phmmg phap bi€n d6i nang luqng cua chit long 
ho~.c cua chat khf thanh c11 nang: Phmmg phap Linh va phuong phap dqng. 

D6i voi cac phuung phap d(;lng. d~u cho rfing the nang cua chat long holtc chat khi 

thrn].t dliu se bien thanh d<)ng nang t~o nen sq chuy6n d!ch v6i. v1µ1 toe nhanh dan. 
Do v~y ti;m nen nhung hi¢u ung d(mg h;c chang h~ nhu tuabin. 

Trong lj thu~t nguai may c6ng nghi¢p cac ca citu thuy kht thuang co chuy~n 
dqng khong lien tl}c, v.µ1 toe thap va thuong gia tang nhimg h.;rc phanh ham. Bm 
v~y khi khio .sat cac truy~n d(')ng tihuy khf trong tay may thuong dung cac phucmg 

phap finh .. 

Doi voi cac phmmg phap tinh nang luqng duqc bien d6i trqc tiep tu the nang cna 

chat long hoi},c chat khi. Do v~y c6 th6 tinh lgc F (hoij.c motncn d()ng M) cua chat 
long ho~c chat khf tac d9ng len phan d¢ng cua cu cau, t}' l¢ voi d9 chenh J~cn ap 
suat 

F = S(P1-P2) 

M =C(Pl -P2} 

V6i S: di¢n tfch; C; the tfch. 

(8.6) 

(8.7) 

1.1. Cac phuO'ng trinh cO' ban rr ch~ d<) lam vi~c binh Bn 

I ; quy lu(it bdo toim klu1i ltt(lng 
1l1eo· quy 1Ul).t nay th1 khoi hrqng chat long hoijcc chat khf chuyen qua cac do~n ong 

din ebb co di¢n tfch S1 vdi luu lugng Q1 va cho c6 di¢n deb S2 vdi hru h.rgng q2deu 

nhu nhau, ntc Ut: 
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Mi: vi chat long khOng nen duqc ntn xem m~t d◊ cr 1 = cr 2 = const. 

Do v~y ta c6 q1 = q2. 
Con doi v6:i chit khf. m~t dQ chat khf ph9 thm)c vao ap suit. boi th€ q1 * 42. 
2: Quy lu4t bdo totm ndng, lm;mg. 
Theo quy lu~t nay d6i vdi chat long ly tu:bng kh6ng nen dtrgc thl tr~n m6i do;n 

cim h~ thuy lqc (neu b da'y khOng c6 ngu6n b6 xung h¢ thtm hoic n6i that thoa.t 
di) deu c6 ghi trt nang luQng ung v6"i m¢t don vj th6 tich la khong d6i (phuong 
trlnh Bernoulli). 

1 , 1 , 
P, +:;-~-1 = A +:;-;u~1 

~ .£,,. 

hoijc la 

Doi voi. moi t11l'ong chat nen dugc. nhtrng ncu chenh 1.¢ch ap suat giy ra n()i l1.1c ma 
saL la khong dang ke th1 c6 lh~ sir dt,mg phuong m.nh tren nh!.t phep dnh gan dung. 

3: Tlfn tluft m1ng hrqng. 

Trong thtJc te nang ltrgng cua dong chat Umg ho~c chat khf khong dugc bao ton 

hoim toan v1 co t6n that doc duong1 di hoac do ma sat v6'i thanh 6ng. hoac do thav 
p ~ .• p J 

d6i dong cha'.y vv ... Nang luqng t6n that Ap tren moi do~n 6ng co tiet di¢n khong 
d6i ph1;1 thut)c vao d~c tfnh cu.a dong cbay: 
Khi chdy ting cac duung dong deu song song voi thanh ong. Tuy nhienchat long 

thtJc te c6 d◊ nh6t (d.;Jc tnmg bang h¢ so nhm µ) cho nl!n khi chuyin d()ng co xm'ft 
hi¢:n n¢i ll!c ma sat d6 fa m¢t phan nang hrqng b! bien thanh nhi¢t. Nang luqng t6n 

that nay ty 1¢ thuin vo:i. luu Jugng: 
i1p ;;;;Rq. 

Vf d~1 doi voi ong din hlnh tfl! chieu dai L th:L 

R :=; 32µrc(L/s1
) 

Khi chAy roi thl cac duong dong kh6ng con song song v6i duc:mg ong nua ma c6 
th~ phan bo lung tung quanh m<)t duong tr1;1c trung blnh nao do v61 v~n toe U. SI! 

va trt,tm giua cac phan tir chat long (ho~c chat khf) vdi nhau ho,c vdi thanh ong se 

sinh nhi¢t lam mat mat nang luqng. Niing luqng t6n thi'it nay khong ph\1 thul)c vao 

he so nhot 11 ma xac dinh bo:i dong nang cua d<".m 0 chiv. • t' • • '-• . b ., 

Ap = 1/2~cr(q'is1
) = rq2

• 

Vm .~ fa h¢ s6 kh6ng thu nguy~n. 

Vi¢c chuy~n tir chtiy tang sang chri.y r6i se xfiy ra khi luu lugng q vugt qua m¢t gia 

tri q \ 1mg voi m◊t d~i 1ugng R., khong Lht'r nguyen nao do. R
1
, ggi la h~ s6 

reynonds.. Doi v6:i ong dan hlnh tr9 duong kinb D: 

R = 4pq (8.7) 
,, ttD.µ 
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1.2. Cac phu«ng trinh c« ban rr ch~ d{> lam vi~c chuy~n ti~p 

.1 .Pluttmg trinh tn;mg lluii khi. 

~ = const l:5: k :5: Y (8.8) 
p . 

Phuong trlnh d~c trung tr~ng thai nhi~t d(mg cua chat khf la phuong trlnh lien h~ 

gifi'a m~t d() p va ap suat p. 

Truong hgp k = l qua trinh la ding nhi~t- Khi cha.'.! khf cbuy~n tu tr{mg thai nay 
sang t~ng thai khac mt)t each ch~ ch.:,1-p th} qua trlnh 1rao d6i nhi~t vcri rnoi 

tnrcmg hoan toan lnlJc hi~n dugc va nhi¢t d9 cu:a chat khi xern nhu khong d6i. 
Vi¢c chuyen tiep d6 ting v6i di!nh b.1~t Boyle - Matiotte: 

_!!_=RT (8.9) 
p 

Truong hgp k = Y qua trinh la do.q:n nhi¢t Khi chat khf chuytfo 'lr~ng thai Ltrang 

d6i nhanh thi qua trinh tmo d6i nhi~t vui moi tnrcrng hiiu nhu khf>ng cam thay. 
Vi¢c chuyen tiep do ting voi dlnh lu~t Laplace : 

(8.10) 

061 voi khf nen Y = i A04. 

Tb tnrong hqp chung c6 thi vift : 
pp p dP 
-·-=--
pt p.K dt 

(8.11) 

2: Plutang trinh luu btqng: 

Khao sat m(>t blnh chti':a co the tkh V, chiu ap ap suit d6ng nha'.t P. GQi q1 va q1 fa 
1 1 ., d~ , , A, o·A t.·A b" ... k:i..1c 1 bA b' ,_ ---- . uu m;mg o au vao va ut~u ra ... lcU ,.,:i~n ao tun ·:uvt . uqng : 1;,0 trong mu gum 

hai thai di~m l va t + dt co th~ bi~u di~n duui dli!flg: 

pq1dt - p(bdt = d(pV);;;;;; Vdp 

Ti:rd6: 

thay vao ta co: 

Vdp 
q -q..,, =--

l - p dt 
(8.12) 

V dP 
ql -t'.l,: -·- (8.13} 

' 
1

• p.K dt 

0 che d◊ lam v~.¢c btnh dn v€ phai cua bi6u thuc se bang khong . 

3: EJ(,i chfu nen cua chat long. 
Chat long co the xem nhu moi tnrcmg kh6ng nen dm;tc. Tuy nhien a nhi~t dQ va 

ap sua't nao d6 thl m®t dt) cua chat long thay d6L Co th~ d.anh gja d◊ chju nen cim 
chA't long bilng ch!'. d◊ nen th~ tich ~- D~c rrung cho sq thay ddi th~ tJch tm::tng doi 
khi ap lqc bien d6i m¢t d~i h.rgng dp: 
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I dv 
p"" V dp (8.14) 

Vl khi thtS Heh thay d6i m()t d~i hrgng dV th1 m*t d¢ p cling thay d6i m9t d~i 

lut7ng dp, 

dV dp 
-==-
v p 

(8.15) 

G9i modul chju nen Blah~ so nghfch dao diaJ3: 

B=pdP 
dp 

(8.16) 

Nhu v~y thu nguy~n cua B trung voi thu nguyt!n ci'.m ap sua'.t. thubng B ,z 1500 
Mpa, Khi ap suat tang th1 B tang ch~. con khi nhi~t d¢ tang thl B giam. D~c bi¢t 

B ph\l thu¢c vao ltt.Qng khf lan vao chat Jong. 
Trong tnrong hqp nay phuong trlnh hru hrg:ng co d~ng: 

VdP 
a -u =--
71 '71 B dt (8.17) 

4: Anh huiJng do thay it6l hinh hqc: 

Xct phuong tr1nh hru h.rqng khi the tfch thay ddt theo thai gian. Vf dv, thay dot 
the t{ch chua trong xylanh do vi tr( cua piston ho~c trong 6ng x€p do SQ' dan h6l 
cua 6ng vv .•. trong cac tnrong hqp d6 thl: 

D(pV) :!\'.'! V dp + pdV 

Khi thay th€ cho bi~u thuc ta co: 
VdPdp 

.q-q, ;;,;;---. 
t • p dt dt 

(8.19) 

(8.18) 

dV 
GQi q,1 ""'- fa luu hrqng bien ~ng. Trong da so truong hgp th~ tfch cac lo~i 

dt 

xy1anh c6 quan h¢ tuyen ifnh voi d(, d!ch chuyen hollic dich chuy~n gocO. 
V = s (x0 + x) (8.20) 

Ho~t V = C (00 + ff). (8.21) 

Dov~y: 

Hoey.c 

Tfr die phuung trlnh tren ta co: 

2. Truy~n din d<)ng khi nen 

d0 q,1;:::C~ 
dt 

(8.22) 

(8.23) . 

(8.24) 

(8.25) 
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2.1. Dij.c di~m chung 

Dung khf nen trong h¢ tmyen din robot co nhi~u thu~n ~qL Tru:ac bet do cac 

phan xulmg cong nghi¢p thtrong c6 m~mg lu6'i khi nen chung, cho nen dun gian 
giin boa drrqc phtin thiet bi ngu6n dqng lgc cho robot. V1 khf nen co the; xiiy rn 

khOng khi m!n doi hoi h~ th6ng dua kM nen tro Iii nhu doi vai da:u ep. Ht; thong 
truyen din khf neo tucm:g d6i gqn nh~. dli sir du,ng, de dim chieu va kh6ng qua 
nh~y voi nhi.¢t d◊ kh.i lam vi¢c. 

Tuy nhien} dung h¢ tmytn da.n khi nen cung khong it nhuqc di~m. Truoc hei Ia 

do diJc diem nen cua. chat khf nen chuy~n · d(}ng do chung tht1c bi¢n thuang kem 
theo dao d()ng, kh6ng chinb xac hk dung. nhit Ia a vi td tnmg gian. Ngoai ra con 

dung bi¢n phap pbun dilu bOi tron, IQC hi, fqc fim va giam 6n. 
Modul truyen dan d()ng khf nen cho m()t b~c tl! do cua co can tay may thuong 

bao g6m cac b◊ ph4n cbu yeu nhu d¢ng co, b◊ ph?n phan phoi. b¢ pht).n dieu 
chinh $ toc. Cac phan tir va thiet bf khf nen deu du17c tieu chan hoa. Bang du6'i 

day gioi thi¢u ca phan tu va thiet b! kbf ncn di!u duqc ticu dmdn hoa. Bang du&i 
dtty gicti thi~u die phiin tu, thi€t bj chu yeu cim hi$ thong truy~n din d¢ng khf nen 

va cac ky hi¢u co ban. Ngay nay da c6 nhfi'ng chung trlnh may tfnh ve cac ph~n tu 
va cac m~ch khi nen. Oum day ta srr dl}ng cac cbung. 
w! Ten phdn tirva thiet bi Sttdli 

I Maynenkhf -0 
Bmn ch.an khong --y= 2 

Dqng CO' nen khf toe d<} 

3 khong_ doi voi mot dong "' . 
khi 

4 
DQng CcJ khi nen toe dq ~ khong d6i voi hai dong 

khf nen. 

DQng co khi nen v6i tM V 5 tf ch chuycn djch dieu 

ch1nh duqc m◊t dong 

D¢ng co: khf nen voi tM G> 6 t(ch chuyfo d!Ch di~u 

chinh duqc hai dong khL 
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Xilanh tac d<}ng do:n, 

I 11 : 
7 chuyen dc)ng lui nhcr h,tc 

ben ngoaL 

Xilanh cac dgng dun, -'\ /\J 
8 chuy€n d<)ng lui nho lo \ I 

XO. \/ I 
I 

9 
Xylanh tac dgng kep vai 

~ piston m<)l da:u can. 

XHanh tac d<}ng kep v6i 
I ' 10 

piston hai dfiu c.in. I I 
I I 

,,.., 

Xylanh vi sai v6i piston 

I 11 : 
11 hai d~u c.in. 

; 

t 
I 

12 Xylanh tac d¢ng kep hai - I -
dau co goi d¢m dieu 

chinh dm_1c. ~ - I 
I 

Cac thiSt bi di~u chinh nang lm;mg 
fit' ' Cdc van dieu k!til11 lur&ng SctcM 

l f. 
_J_ 

1 
Van dan huang 2/2 thU<Jng 

~ 
dong 

pl 

I 

I* 
r\ 

I 
I Van dall h~ 2/2 thUimg I I 2 

mcr 
p 

I 
I {\ 

3 
Van din ht.rang 3/2 thuong 

mo T T 
I p IR I 
I 
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IA I 

4 
Van d~ hudng 3/2 Lhoong 

dong T T 
pl R/ 

Al 
I 

1-L 

5 
Van dan hu6ng 3/3 o vj td 

giua d6ng i 1T T 
I p IR I 

.. Bl A 

6 Van clan hu6ng 4{1 

p .•·IR 

: ~] I 7 
Van drui hl!O'ng 4/3 vi tri 

I giua dong Ip 
Bi A 

L_ 

8 
Van <filn huong 4/3 

Vj tri tha n6i T 
Pl R 
Bl IA 

9 Van din hu6ng 5/2 l T, I 

RI pl sl 
B1 1A 
_L _J_ 

10 
Van din hu:ang 5/3 

Vi trf giua dong T,,-J p 151 

AW Van nll)t chiiu Sado 

l Van khoa khOng lb xo -<o 

2 Van khoa lo XO ~/'vA'1' 

3 Van khoa phll,l tr(J 
: --- -1 (o 

I 
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4 

'I 

: 

2 

3 

4 

1 

2 

3 

4 

Van C"OO thoi 

Van xa nhanh 

i/andilu ap 

Van khoog cheap, dieu 
chfoh dtr{!C 

Van d~t n6i. tiep, di~u 
chinh dm:;rc, co 16 xa 

Van chinh ap khong 16 
xi:\. dieu chinh dtrc_1C 

Van chinh ap, c6 16 xa, 

di6u chinh duqc 

Van tilt ltru v6'i mtk 
kh&ng che khong dOi. 

Van mang vdi mtic khong 
chc khong d6i 

Van ti~t hm di~u chinh 
du,qc, tac d<;mg bat ky 

Van tiet hru dieu chinh 

duqc' tac d(mg CQ hQC 

chong i~i lo XO n,x h6i 
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X 
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,u~u: 
X 
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St1d6 
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1,- - L-...,......,,-----' 

~-·· .• A 
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""'Fv";{j'" 
. ,,,.-~,,,_,.,,,,...., - ~~•· . ~·- , '""""'' 

cl& 
,, .. 

\/an defog kin (wm khoa) 

l 
Van dong kin bt6u dien ··:>< don gianhoa 

N) Van tiet lttu wti vatt khoa Sdao 
., 

mac song song 

I I 

l Van tran di~u chfoh dtrCJC '-._..,/ 

L:::'_J I 

2 Van mang tran. deu chinh 

I ~~ I dl!Q'C 

N';r Ngu6n truyhz ruing IKqng Sefdo 

l Nguon ap suat 

2 Duong lam vi~c 

3 Duong dieu khi.60 -----------~-------------

4 6ngddnm~m ~ 
5 Duong di¢n L 

6 Diem noi c6djnh + -----1-
7 Cac duong giao nhau + -+- I 

8 Oi~m xii I 
9· LO ra khong noi 6ng dan ~ 
lO L6 ra c6 ong dan y 
lI 

Dh~m tiep not vm ap suat ----K dad6ng 

Diem tiep n6t voi ap su~t 
i 

p ~~~ "-
c6duangn6i 

Khop n6i ngat nhanh, da > s 13 tach, van dong kin ong I 
dftn 
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15 

16 

l7 

18 

19 

20 

22 

Kh6p rn5i ngfit nhanh da 
tach, ong dan dong 

Thie't bj giam am 

B1nh tkh khi 

B¢ phan !y nuoc duqc 
thao tac Mng tay 

Bl? phan ly mruc lhoat 
nu6'c ti! d9ng 

Bl? phAn ly 1QC m1oc llJ 
dt)ng 

Thiet b! boi tron 

Thie't bj pht,t Lr{! (b() l9c, 
I , . . 

23 I van chinh ap, thiet bi boi 
I tn:m, ap kc) bitu di~n don 
I gian hoa 

24 Thiel bi lam mat 

tv"'J 
Thiel bj dieu khiln bilng 

tay, chdn 

1 Chuong 

. 

2 Nut bam 
¥ 

·• .... i 
3 Tay cam 

4 
I 

Ban d.,tp 

28 

0 
Kj hifll 
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(] I 

I ,!_ 
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2 
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4 

tf-1 

l 

2 

.Nl' 

l 

2 

3 

4 

ff' 
·····1 

I 

2 

3 

3 
4 

Diiu khiln cu 

Con tm{Jt 

Loxo 

Can conlan 

Can con lan ti,r hoi 

DMu klliln difn 

A" 

Ong day l cuon tac d1;mg 

,.~ 
Ong dfty 2 cu6n tac d1.,mg 

ngugcchi~u 

l>tiu khiln di¢n 

Tn.Jc tiep bang tran ap 

Tn;rc tiep bang tran ap 

Gian tiep bing cap ap 

Gian tiep Mng trln ap 

DMu khiln dirn 

Ong dav Va van dieu . ~ 

khien 

Ong day ho~c van dieu 

khi6n 

Ong dAy va van di8u 
khi€n bang tay co lo XO tv 

h6i 

, ., .. w,¼,w=¼,.s•s.•,, 

Cac lfng not 
G1c duang lam vi~c 

Du:ong tiep khf, ti€p n6i 
kh, nen 

DiJtn xa, thaI 
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Ky hi/u 

< I ----

~ 
(a) ~' --

I 

I 
0 

Ky hiefu 

v1 
~ 

Kyhief.u 

~ 
-t>---C 

·------tc=C 
------,-Rl I 

Kyhief.u 

~ 
~ 

~ 

A, B.C ... 
p 

R, S, T ... 

Z, Y. X 
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2.2. Tinh toan va chQn h.ra xylanh khi nen 
Khi thi€t k€ h¢ thong truy~n d.ln khf nen tbl xylanh fa phAn ui c~n tfnh to.an nh~t. 

Gqi chtmg ten g9i. la xylanh cho ca hai truong hQP nang luqng khf nen duqt 

chuyen thanh chuyen d9ng tinh tien ho~c chuyin d<)ng quay. Truong hqp thu hai 

con gqi la xylanh quay ho~c d(:mg cu khi men. Trong bang 1.1 c6 cac lo~i xylanh 

tac d¢ng d«n va xy1anh uk d(>ng kep. 
Trong cac xylanh tac d¢ng dan, kM nen vao m¢t phfa ddy piston thco chieu 

nguqc la,i. trove vj trf ban dau vdi v~n toe du nhanh. Hanh trlnh cua piston phai 

nho hem hoijc bring chieu dai cim lo xo khi chua bi nen. Gk xylanh ddn cung co 
nhi~u ki~u khac nhau tu$1 lheo cong d1,mg. Cac lo~i xylanh don dung chu 
yeu k~p. phun, nen, mmg va cap ~i~u .... Lop v~l li¢u phu ngoai piston vi d1_1 nhu 
tefton. dam bao vita kfn khit, vim ft ma sat va lau mon. 

· Trong cac xylanh tac d{}ng kep. khi nen co the ddy piston chuytfo dt)ng t!nh tien 

va ca chuyen d(,ng lui Hanh trlnh piston kh◊ng bi hg.n che nhung phai tfnh toi t6c 
d<) u6n vong ci1a ca:n piston. 

Xylanh tac dt)ng kep cua lo~i piston vdi mQl dau can ho~c hai dau can. Lo;;ti hai 

dau can la Io~i piston keo dai ca hai phia chl;ly dqc suot chieu dai xylanh. 

Lo';'[i nay co mi di6m nhu : 
- Lt]c tac d(mg bang nhau ca hai chieu chuye:n d(mg v1 di¢n tfch hii'u kh cu.a piston 
ca hai phJa dtu nhu nhau 
- C6 the chiu dm;,c tai ngang nho vl cfin piston xem nhu m◊t tnJ.c hip tren hai 6 tl}"a. 
Xylanh tac d¢ng kep dnrong c6 ki!t c[u hai d'1u co giam chan di~u chinh dll'Qt. ~ 
tranh va tr~m m~h, nhat la khi d!ch chuyln kh6i lm:,mg 16n, ngubi ta t~o ra nhung 

cai d¢m a cuoi hanh trlnh. Khi den vj tri cu6i, piston de,m ch~n duong ra cua khi 

ncn va thay vao do c6 m◊t 16 thoat rat nho dltu chinh duqc. Khf nen {J phdn cu6i 
xylanh duqc nen va thoat ra tu: tu: qua van tiet Juu m()t chi~u. Vl the piston chuy~n 
d(mg tit tu dtfo vt tri t~n cung. 

C6 Io~j xylanh n6i ti€p va. xyianh nhieu vi trf. 
Cu cau xylanh tiep dui gom hai xyianh tac d(>ng kep ghep n6i liep nhau lhanh mc)t 

khoi duy nhat Khi tac d(mg dong thui thl hJc tren can piston tang gap doi. Nguoi 

ta dung lo~.i xylanh nay khi can h:fc Mn ma ducmg kf nh xylanh b! gio:i h:µ1. ffinh ve 
8. l la so d6 ca cfiu xylanh ti€p d6i. 

Xylanh nht6u vi trf g6m hai l:m~c nhieu xylanh tac d¢ng kep n6i fie·p nhau. TuSr 
theo tung xylanh ho~t d¢ng ri!ng re ma t6 hqp chling se dQ.t duqc nhi:~u vi tr{ khac 
nhau. V ai hai xylanh nh11 hfoh 1.2 co bon vi trf khac nhau. Lo~i xylanh nhi6u vi lri 

thuong dUQc dung de phu,c V\l cac c« cau phan lo{\i san pha'm. 0 m6i vi trl ung voi 

moi lo~i san pham. 

De th\fc hi¢n nhi~u vi trf con c6 the dung cac xylanh long tac d!¢ng don ho~c tac 

d¢ng kcp. Chung c6 ket cau nhu la cac xylanb l6ng vao nhau. 



31 

Cic xylanh c6 sa d6 ket c.:1:-tr tuong ti, nhu la rn()t rotor canh g~t nam trong m◊ 
th{tn ht)p cbinh. Kh( nen dua vao than h()p lam cho rotor quay. 

Chuyen dQng quay c6 the ll;lO tu cac xylanh tinh tien tac d9ng kep. Trong tman! 

hqp nay tren m(>t dau ho~c m<)t do~ can piston dugc t~o hinh nhrr thanh rang ho~< 

lnJC v:i't, an khap vai banh rang ho~c banh vft. Goe quay co th~ thay d6i theo them~ 

s6 an khdp banh rang. Thuong dung cac goc quay 4S\ 90°, 180'\ 270° d€n 7200 
Lo{ti nay dung trong cac khop quay ciia rObot, trong co cau dong mb van. 

Tinh toan llfc piston 
Lt1c tac d()ng vao pi.ston ph1,,1 thm)c vao ap sutt'.t khf nen. doong kfnh trong cu~ 
xylanh va ma sat cr cac bt)' phi'µl Liep xuc d9ng: . 

FL= A.p (8.26) 
V6i FL - llfC piston ly thuyet (N) 

A Dt¢o tich huu fch cua piston (m1
) 

P ~ ap suat lam. viec (pa) 

Trong thqc te con c6 IQ'C ma. sat n~n lqc piston him dt,mg FN se la: 
- Doi vdi xylanh cong tac don: 

FN = A.p - (Fr+ Ff) (8.27) 

~ D6i vai xylanh tac dt)ng kep: 

Khi tien: FN = A,p-F,. 
FN = A·p-Fr• 

(8.28) 

Khi lui: 
Trong cong.thuc trtn 

Fr: li!C lo xo phan h6i (N). 

Fr: llfC ma sat, thuong Fr= (3%~20Cm,)FL 
D: ducrng kfnh trong cim xylanh (m) 

d: dtrong kfnh cua piston (m). 

V~n toe cda piston 

(8.29) 

V~n toe di chuy~n cua piston la ham cua tip suat tac d()ng Jen be m~t cua piston, 
llfc can do ma sat giii'a piston, m'®t tn,i trong xylanh va S\f giam ch[n cuo1 hanh 
trlnb vv •.• V ~n toe thuong thay doi tu 01 l - l ,5 m/s 

Tfnb luu luqng kht 
C6 th~ dung cac gian d6 tip sin cua hang san xuat d~ tfnh lm1 lu:qng kh{. ho~c tfnh 
theo c6ng thuc sau: 

Doi v6'i xylanh tac d9ng don: 

D6i vdi xyfanh tac d¢ng kep: 

(8.33) 



Trang do: 

Q: luu luqng khf (1/phut) 

S: hanh trlnh piston {cm) 

n: sO hanh tr'fnh tmng m(>t phtit 

K": ty so ncn 
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T)' s6 nen duqc tfnh theo cOng thttc sau. 

K =-- 101,3 + apsuatcmrg::ap(KP,,) 
9 101,3 

2.3. SO' <16 phuO'ng phap m~ch khi nen 
Ngrrb'i ta dung bai phmmg phap cau t~o ma,ch khi nen: 

(8.31) 

Theo phuctng phap thd nhat cac so d6 m~ch khf nen duqc cffu t~o chu ycu dtJa tren 

co so kinh nghi¢m voi trQ'c giac cu.a nguoi thil!t k€. Phuong pbap nay doi hoi dch 

Iuy kinh nghi~m. phan Heh muc d9 phu hqp ci:rn. ahung so d6 tmmg t1J truoc day 
ma quyet dinh giai phap. Troag truang h{}P nay anh huong chu quan cim ngum 
thict ke thuong khOng nho. Tuy nhicn. trong thl;fc te dOi khi cac giai phap nhu the 
la can thitt va phmmg phap v&n duqc ap d t}ng nhu m()t phmmg phap truytn th6ng. 
Th.eo phtrong phiip thu hai, con g<;>i fa phu:ung phap "h¢ thong t.hlg" so d6 cau li:JO 

m9t each logic. Chi khi nao cac m.;i.ch co ban dam bao chuc nang ho~t d¢ng thl 

rnoi xcrn: xct d6n cac ytu cau khac. Nhung yeu c!u nay duqc xcm xet kct hqp v6i. 
nhauva so d6 ma r()ng tung brroc m◊t. 

3. Truy~n din d<}ng thtiy h_rc 

3.1. Di_ic di~m chung 
H~ tmyen d:in thuy h;rc c6 nhieu tru diem. chii yeu la g<;m nhy, chtu dugc tai n~g. 

quan tinh be. Di thay d6i chuyfn d{)ng ngrroi ta dung cac van di6u ch1nh ap l1Jc va 

hru hrqng, tuong doi thu(tn ti¢n khi sir dt;tng. 
Tuy nhi~n chung ding c6 kh6ng ft nhuqc di~m. Tn.roc h€t la h¢ thu5' l!Jc lu~n lu'6n 
doi hoi co b◊ ngu6n bao gom born lhuf 11:fC, lhiet bi l,qe, rhiet bi ditu chinh ap 
suat thiet bi lam mat, blnh tfch dau vv ... Ngoai rah¢ thong ki~m tra duong cfog, 
cac dtrling hoi dau vit thung dau ding lam phtk: t~p them cho h¢ thiet bi thuy h,rc 

dung trong tay may. Nhi¢t d() lam vi~c co anh huang den d9 nhot va ap suat cu.a 

dau cp. 
Nhln chung, h¢ truyen dan thuf l\fe trong tay may van duqc si:r d9ng n)ng rai 

hon ca, nhat la trong Lruung hQP Lai lrqng n~ng. H¢ truyen diln thuf lgc dung trong 

tay may c6 nbirng y~u c~u cao ve d◊ chfnh xac. ma sat thap, giam d◊ cb~nh 1¢ch 
giua ma sat d(mg va ma sat tTnh de:; tang d() nh~y moi khi ngung ho~c thay d,Oi 

chuyen d(mg. tang muc dieu hoa lam. vi¢c nhat Ia khi chuyen d(>ng chiµn. Ve toe 
d¢ lam vi¢c doi hoi ph~m vi r¢ng va nhanh. Ve kich thuoc doi hoi g<;m nhi; de) 

cung vung cao,vv., 
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Doi voi. tay may tmy~n din thuy IJ!c thucrng ap dt;mg h¢ dieu khien them vj tri 
ho~ theo chu ky khep kfn. 

3.2. Truy~n d{>ng thiiy ll}'c 

Xylanh tinh tien dung diiu ep ciing tuong t:g: nhu xylanh tinh tien dung khi nen. 
nhuog gc,m nh(? hon nhieu khi co ding m()t co cong suat Tren hJnh la so d6 kct cau 
cua xylanh thuf l\fc tac d()ng bai phfa vui. hai bu6ng ap suat p1 va p2• B&i v1: can 
piston co tiet di¢n ngang la mim v~ mQt phfa nen tac di.mg ten tac dt,mg vao piston 

tu hai phfa fa kb.Ong d6i xung. 
F = (S + s)p 1 - Spt (8.32) 

C6 thi khac ph\lc nhrrgc di€m d6 bang each tl;;IO ra can piston nim ve ca hai phfa. 

Tuy nhien nhu the khi chuy6n d()ng can piston lil!i chitin nhicu khong gian hon. 
Tmng truung hqp nay. 

(8.33) 

D~ l~p mo blnh hoa cho qua trlnh hoillt dgng cua xylanh thuy h;rc tac d(mg tu hai 
phfa va d6i xung v~ h1nh hQc, ky hi¢u x la lOiJ. d('.I chuy~n dich d1a pisLon tfnh tu vi 
td trung blnh, v- v~n toe, 2h- hanh tnnh. Tren co sh cac bilu thu:c da nh,n dugc a 
tren ta viet: 

PhuCJng trlnh h.ru luqng. 
S(h+x)dp1 

. B . dt "" 'Ii - q a - q 

S{h-x)dp2 . . 

B . di = q, + q ,f - th. 

Phuong trlnh nang lugng t6n that tu 8.32 va 8.33 

(8.34) 

(8.35) 

Hinh 8.2. Ky hi~u chfr s6 tren m~ch khi nen 
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Khi ch.iy tang: Pc P2 =::: Rq (8.36) 
Khi chfi'.y roi: p 1- p2 .;;; rq2 (8.37) 
Tu l l J l ta co: qd .;;; Sv (8.38) 

Phm:.mg trlnh djch chuytn m()t khoi lm;:mg m vai gia toe dv/dt c6 lgc can tac di,mg 

F" va h¢ so nhcrt tl¢ng l~rc <p nhu sau: 

m( :;J ~ F -'r{Jl;" - f'.:- {8.39) 

Tr~n ca sh (8.22) den (8.28) diin d€n h¢ phuong tr1nh vi phful mo ta quan h¢ gifia 

cac bien s6 v6 tr\mg thai bto trong: Pi:; Pi~ u; x voi cac th◊ng so ben ogoai; q1• q;;:, 

F~-
S(h+ x) dJJt Pi Pz "' 

B ·. di =-R+R-.,1 v+q1 

S(h-x) dp2 ""~- P,. + Sv-q, 
B dt R R · - (8.40) 

1 dv"! ml- =Sp, -Sp2 -qn,-F, 
,dt, . 

dx 
-::::v 
di 

De: thl,l'C hi¢n cac chuytn djch goc trong tay may c6 the dung c.ic lo:;ti xylanh tjnh 

tien. Vi d\l, xyfanh thuy b;tc giin li~o voi co cau thanh rang banh rang ho~c gao 
lien v&i co cau tay quay- thanh truyen ho~c Ut dung piston chuytn cl()ng song song 

la cac xylanh quay, Phuong an hinh 1 ].31. 8.31 a c6 m¢t canh g~t tinh gan voi 
h◊P hlnh tt1;1: va m(}t canh g~t gfu'l vo'i tn;ic ra. Con phuong an m 131 b c6 hai canh 
g~t finh va hai canh g~t d◊ng. Troog xylanh nay th1 g6c quay nho hon m¢t nua 
nhung momen t:;to ra lon gap doi khi co cung ki'ch thuoc b(m ngoai xylanh. 
Tmmg tlJ nhrr da lam vdi xylanh t!nh ticn ta l~p mo hinh toan doi vdi xylanh thuj' 

luc. 

c(.01)+0)dp1 .. . Pi P1 c·. ·] . ""--+-- -OJ+q, 
B dt R R . 

C(B,, + 0) dP, P·1 p·, . , . :r·_ ,,,, _____ +C<.rJ-q, 
B dt R R -

J d@ C C M . dt = P1 - P, -((JclJ- ·· ,. 

(8.41) 

dfJ 
-=tr} 
dl 

V m H g6c quay cua xylanh, 2B0 g6c himh tdnh, m: v~n t6c g6c, J: momen quan 
tlnh. !\1r: momen can. C: the tich cha'.t long khi xylanh qu.ay di mQt RadiaL Nhu 
v~y th~ tich lrung blnh cua chat Jong la C0u. 
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De thqc hi¢n chuyen d◊ng ma khong h~n che ph~un vi g6c quay co th6 dung m◊t 

so th~ lo~i ml> to thuy lt!c co tac d()ng thu~n nghich vua la barn~ vua la m6 to. Mo 
ta thuy lqc chia thanh hai lo~i: chiiu 111,lc va hudng kinh. 
Ll m9t lo.:Jii mo to thuy lgc nhi~u tr1::1c c6 dia nghieng cua ham REXROTH

SIGMA. Tfi!c ,quay n6i lien v&i block voi xy~anh. Thutmg c6 7 ho~c 9 lo vai 

xylanh dqc theo chieu tn;ic n!m duoi die goc deu nhau trong than block do. Ok 

piston chuyen d{mg trong cac xylanh l~n d)ng la cac kh6p cau. Cac khop cau nay 
nim trong cac kh6i t$1• Chung t~o vcri m◊t dfa nghitng thanh cac 6 do thuy iinh 

nhb' cac 16 khoan dan dau xuyen qua cac ch6t tj,. Toan b(l block cac xylanh va ma 

nghieng cteu nam trong m◊t than h()p chua cac goi ti;ra cua tn;ic quay. 

Ap lqc cua dau tac dgng l~n piston huong dqe tn;ic dugc phan ra hai thanh phlin: 

m()t thanh phttn thiing g6c voi m;t d1a nghi.eng va thanh phin kia theo phtrong tiep 

tuyen. Nhb v~y ma t~o ta momen quay. Neu thay d6i g6c nghieng giua m~U dia vm 

t~c quay se t.hay dOi quy lu~t bien thien the tfch dau chaa trong cac xylanb ung 
,... A ' "l' vol lnvt vong quay cua tru,c. 
Mb tu thujr l\fc hudng kfnh cua hang SAMM. Trong than cu.a robot thuong chua 

7 ho~c 9 xyJanh,, tn;tc cua cbung d~u huong Ulm. Cac xylanh duqc thong va1 duong 
dau ap suat cao ho~c ap suit thap nha vf tri tu:ong doi cua mi[it phan phoi dugc gia 
cong rat chfnh xac. Phan dau dm cac piston chuyen dc)ng trong cac xyalnh do deu 
,c6 con la.n. Chung ty vao cac bien d~ng Cam phfa trong cua stator. Bien d{tng c6 

nhi~u d~ng khiic nhau: ·d do.µi a xylanh thong v6i du:ong d~u ap suat cao d~y 

piston tac d1,mg len con Ian F. Hqp h,rc nay voi phan b,rc R cu.a bi~n d~ng Cam rac 
d1;mg len con Ian t~o ra ll}c vong T, 

Chfnh do lqc T nay c6 momen quay cua mo tcr. Qua do~n bien d~ng chuyen tiep 

b r6i den do~n c. Luc nay xylanh duqc th6ng v6i duong diu ap suat tha'p. Tiep 
theo la do,n d chuy~n ti€p trong gfan va cu th€ chuy,fo sang m(>t chu ky mcri l~p 

l(;li. S6 luqng xyfanh va s6 chu ky thay d6i cua bi~n d;mg phiH chqn sao cho ii bat 

ki' vf ttf tuong d6.i nao giita rotor va stator deu co it nhat m9t con Ian tiep giap i!J 
bien dii1ng a d~ dim bao cho rotor quay lien t1,1c. 

3.3. Thi~t bi di~u khi~n thiiy l\fc 
D~c dnh cua van phan ph6i. kiiu con trugt 

Trong ky thuM tay may thoong giJ,p lo~i van phan phoi thuy [qc kieu con truqt nhu 

tren hlnh H .35 
Tuy Vl trf cua con truQ't dtch chuyin trong than van ma hm ilrgng dftu thong vao 
cac buong duqc nhieu hay ft. Vi V?Y can chu den quan h~ hinh hQC giua con truqt 

va than van iJ vung cac ctra ducmg dan. Vf d1;1: de khao sat gHla cua ben phai cua 
van phan ph61 tren h1nh 11.35 se xct ba truang hqp sau: 



36 

*TnttJng hr,1p 1 ( hinh l I ,36a) " con tnr(Jt chc vita cua van. 
Gqi u la la thOng so bieu th! d◊ chuyen d!ch cua con truQt va e la chieu r(mg rant 

tren thin van. 
Neu e ~ u thl th1 hru ltrQ'rlg qua cua d~t gia trj km nhat q = qM: 

q1, = KeJp,, ~ J'i, = Ge (8.42) 

vai Pa• p0 - ap suat iJ bu6ng xilanh; 
K va G - erk h¢ so bien d6i. 

Neu O s u Os e ta co: 

q = Ku42(p" - p) == Gu (8.43) 

v6'i p = 0.5{Pa+ Ph) - ap l\fc trong buong van. 

Neu - e s u s O la co ; 
q = Ku42(p- p1,) ➔ q ~ Gu (8.44) 

Neu u :S - e thl q = -qM. 

Tu do xay d!J11g duang d~c Hnh q(u) 

*Trong tndmg h{rp 2 (hinh 11.3 7) - con trugt che cua van c6 du. Luc nay ta co 

1) c+rsu 

2) rs use+ r 

3)-rsuse+r 

➔ 

➔ 

➔ 

q=qM =Ge~ 

q = G(u -r) 

q = O; 

4} - e - r s u s - r ➔ q = G( u +r); 
5) u s - e - r ➔ q ; - qM = - q~_ 
Duon~ d~c tfnh q(u)cua tnron2: h® nay bic!u th! tren hlnh (1 l .37b). 

*Truifng lu;p 3 . Con tnrQt che chua khft cua van (luqng thieu - 2d). Neu gQi q· 

la phan hru hrgng tir ci'ra ap suat cao p11 den buong dang co ap suat thap •I\• thl h.m 

hrqng hiiu dl;;1.ng q = q- - q" va 1uu lm;mg t6n that q se b&ng q"' ho~c q' tuy thu9c dau 
di.a q. Ta xet; 

I)e-dsu ➔ 

➔ 

,. 
q =qM q" = 0 q::; qM 

G(u+ d) q" =0 q = q· 2) d 5 u 5 e-d 

3)-d 5u :S + d ➔ q· = G(u + d) q" = - G(u-d) 

qo/=#:0 

➔ 

q = 2Gu, 

q•;;;;;O 

q;;;;; G(u -d) 

q- = -G(u -d) 

q";;;;; 0 
-5) u :S - e + d ➔ q· = o. q ;;;;; +qw q = -4,1· 

Ht thijng tr(/ dl)ng thuj; 1-,c. 

q·::; 0 

q"=O 

H¢ th6ng trQ d(,ng thuy It1c co d~c di~m la ca cau ch~lp hanh (d~u ra) tai hi¢n 
c~k quy lu~l chuy~n d¢ng tu ca cau ditu khi~n (dau vao ), dong thm luon luOn gill 
Hen h~ phim h6i gifra dau m va dau vao. 



37 

La sO' d6 h¢ thong ban thuy lt1c g6m van phftn phoi" con tntqt va xylanh d()ng. 0 
day than van con truc;,t gifu tien voi than xylanh d(mg t~o nen m9t m6i lien h~ can 
thiet Khi con tnr<Jt cr vfil tri trung gian. dau ep thong qua cac khe co tiet di¢n nhtt 
nhau va do v~y ap l'J'C trong hai bu6ng xylanh ding bing nhau. Khi djch con truqt 

v~ phia ben nay ho~c ben kia so voi vi trf tnmg gfam thl iip lvc trong hai buong se 

chenh l~cb nhau lam cho than xyWanh va thin van con tnrqt deu djch chuyen. Cac 

thong so dich chuy6n duqc xac dinh b&i ty .1¢ di¢n tfch cac khe dtiu. T:f 1.¢ nay do 

vi trf con trn!<;n (so voi vi trf trung gian) djnh do~t va ban thttn vj tr( con tnrQt lai 
h h ~. " ,. b'~ .r;c kh",1 T" h'A .i-,;: ·kh' ., ,. h,:; 1 • ·' h"" d"~ h ~ p 1J l · UQC vao tm . lyU u:1eu · 1en. m 1i.;;u uteu · 1en co t e ia tm u;u u:;:n . Oi:!C 

tin hi¢u co ... va tbuong hon fa tin hitu di~n. Van de la dQ chfnh xac d~nh lugng 

giira tfn hi¢u di¢n va ty 1¢ di¢n tich cac khe dau vao xylanh. 

Vl the xuit hi¢n nhi~u phuang phap khac nhau. Trong do van trq d¢ng thuy lt,tc 

~~~*~~~~~~~~~~~~~ 
nhieu finh vqc ky thutt, nhift la trong ky thu~t t1,r d()ng boa qua tdnh cong ngh~. 

L.. hA ·h• 1../4" ·- di/, 'd" ' 9 h"' h.. - h"' 1' ·1·•.;. t..A h . •. # ien . '1:- p an :uvl gn.ra 'all ra va au vao cua ~ t ong co t . e a J\;,n u9 t eo V.! m~ 
theo v~n toe chuy~n d(lng, ho~c theo WlJ'.c taL Thuong dung hon ca Ia Hen h¢ phan 
hoi theo vj tr{ vl nha lit~n h¢ nay co th~ d';lt duqc d¢ chfnh xac cao khi uii hi~n guy 

lu~t dieu khi61 va d9 6n djnh chuyin d()ng. 
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Bai s: TIDET BJ cAM BIEN 

1. Gioi thi~u chung 

C,k tbi!t bi ,cam bie-'n (sensors) trang bj cho robot d~ thl;fc hi¢n 
vi¢c nh~n biet va bifn ddi thong tin ve ho<;tt dqng cua ban than robot vi\ 
cua moi tnrang, d6i lU<;fng ma robot pht;1c v~. Theo ph~m vi ung dyng cic 
lo~i cam bien dung trong ky thuJt robot~ ,c6 the phan ra 2 lo~i: 

- Cam bien m)i tin hit;u (internal sensors) dam bao th6ng tin v~ ·vt 
tri, ve v~n toe., ve l\fe tac d9ng trong cac b¢ ph~n quan trQng cua robot. 
Cac thong tin nay la nhilng t(n hi¢u phan b6i phL;tc Vl} cho vi~c dieu chinh 
UJr ,d¢ng cac hol\?.t dqng cua robot. 

- Cam bien ngo•i tJn hi~u ( external sensors) cung cap thong tin ve 
d6i uk va moi tnrcrng lam vi~c. pht;lc v1:1 cho vi¢c nh~n d-ltng cac v~t xung 
quanh, thQc hi~n dt chuy~n b~c lhao, rac trong kh6ng gian lam vi~. D! 
lam duoc cac viec do. ,c!n co cac lrn11 cam bien tfn hi~u xa. cam bie11 tin 
hi¢u g!~. cam bien ••xuc giac~· va ca~ bien uthi giac'· ,:,v... . 

~ fhl;f'C hi~n nhit;;m VI.} cua cac loJi cam bien nt)i lin hi~u vi ngo~.i 
tin hi~u n6i tren c6 th~ dung nhieu ldeu cam b,en thong dyng hoiJc 
chuyen dtJng. Cat ki~u cam bien thong d\fng khong chi dung cho :ky thu~t 
robot ma con dung nhieu trong tac thiet hi ky thutt khac. C6 nhie:u tat 
li~u ky th.U$t v~ c,k ki6u cam hien nay. 

Tu$• theo cac d,ng tin hi~u can nn,n biet ma phi.in tha:nh cac kieu 
c~m bi€n khac nhau: cam bien l'1C, v~n :toe, g,ia toe~ vj trf.. ap suat, luu 
h.r(1ng. nhi~t dq v.v. 

Tuy· theo each thuc nh,ln tf n hi¢u lt:ti phan ra cac I..J,tu khac nhau. 
V• dy. cung la cam bi.en vi td nhtmg co ki~u cam ung. ld~u di¢n dl:Jng~ 
kieu di~n tra. kitu di¢n quang V. V, 

Duoj day gioi thi¢u m()t so ki~u cam bien thuang dung trong ky 
thu~l robot 

2. Cam bi~n vi tri, vin t6c va gia t6c 

2.1. Cam bi~n vi tri ki~u chi~t ap 
Day Ut lo~i cam bicn vi tri kit5u ,H¢n tra thay d6t theo nguycn ly 

chttft ap nl't qucn biei. Nguyen ly ho~t d'qng cua chi£:t iip duqc mo ta tren 
s,c1 do m~ch ca ban (hlnh I l, I a) hn(tc la so d6 b6 trf m~ch thl)'c te (h'inh 
t 1. t b) va the hi~n bang quan h~ sau: 

(12.l) 
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Gia tr, d1~n ap dau vao V se thay ,d6i tir V = 0 khi r = 0 den gia tri 
bang di~n .ap cap vao V khi r = R. Neu gan sy chuy~n dich vj tri can do 
voi dAu trUQ't r cua chift ap thl ·thong qua gia tr! di~n ap v se bien d6i ty l~ 
thanh g-ia t. ri cbuuin dich vi :trfcan do .. .. J ~ ,, . 

II) 

IGeu cam bi6'n nay hay dugc dung di xac dj.nh d(l dich chuyen 
g6c c:ua cac tr\laC. quaiy. N,s;,1.sm ta 1,i co thf dung no d~ xac dinh v4n toe 
g6c bing each vi ph!n btc nh&'t va xac djnh gia t6c bing each vi phan b4c 
2 da.,i: luqns djch chuy!n. 

Kitu. cam bien chiet ap dUQc dung rat rqng rii trudc het la v1 gia 
thanh tha:p. d9 btn sir dyng lUcmg doi cao (nho ap d~ng· e-ong: ngh¢ v,.t 
U¢u cha't dco dU 1ie'n bt} phln diu uuqt r n~n co• tht d,t tdi ·bQ hen 107 chu 
ky), dQ tuyen tfnh kha ca.o v.v. Tuy nhien hJi c6 cac hfn che nhtr lam vi~c 
vai toed¢ thap (10 vcmg/ :phut doi vdi truang hqp quay va I m/s doi voi 
truong: hqp ljnh tien), chat brqng chO tiep xuc tua b9 ph~n truqt ,c6 the 
gay nhieu va giam d9 nhfy. . . 

2.2. V@.n t6c k~ 

Pb,~nl vi SU' d~ng v~n toe ke (tachometers) va gia toe ke 
(acc~lerorne.ters) ngay nay lro: nen ahu h~p. ma thong dijng han ta xac 
d!nh theo so gia tua cac thong tin cam biien vj lri bing ky dn1(U .s.-6 hay ky 
rbuijt vi n1~cb. Cich lam do tl:a,t dUQ'C d(> chinh xac cao han va ngay C,ang 
re hcrn. 

Thuang dung ca.c: tbie, bi sau dt thyc bi~n chtic ning cl'.la v.:}n toe 

• Phal ,oc (tachogenerator} dung mql chieu 

Khi s:t:ato duqc kich tu t,o nen tu thong thi trong: cac cu(m -di,m 
tren roto c.6 :suai di~n d9ng tu cam vdi gia trj t.rung blnh ty 1~ vcri gde quay 
cua roto. 
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- Pba.t L6c khOng d6ng bq dong x.ooy chi6u 

Khi dong di~.n x:oay chi.~u dwy qua ,cu¢n diy sa ,cap· c(u.1: stato lhl 
di¢:n ap trfn cac d.iu day cu()n thli dtp cua stato se co cung tin S·6. bien t!¢ 
va ty 1¢ thu~n vai \1in t<.'ic g6c cu:a .roto. 

- Phat toe dong bQ 

Nam chAm vinh ctIU trtn stalo gAy dong di¢n cam, trong cu¢n d!y 
cua stato. Tcin so Va gia hi di~n ap Clla n6 ty ·t~ Um~n vm v4n t6c dia roto, 

- Phat t& xung 

Dia quay c6 khe ranh c.t~u tnJck ngu6n s~ng t~o ra cac xung c6 tan 
~s iy 1,¢ vai v~o t6c g6c quay. 

2.3. Cam bi~n vi tri ki~u bi~n ap 
\. 

Cam bien kieu nay hoft dc)ng theo nguyen 1y ,cua m¢t bit£n ap sai 
d¢ng (differe.nti.aJ transfomer): loi tu- chuytn d(>ng luang doi vai 2 cu¢n 
day co dinh va lam vi,¢c thay doi dong cim ung giua chung. 

Tren h1nh l 2.2 la su do bie'n ap xoay. Rota c6 m(>t cuc)n day., con 
stato co mQt ho,c mQt vai CUQn day cam ung d6ng ~-

Gia thic!tcip vao ClU)D day cua roto m(Jl di~o ap: 

u, = U sinrut ( U: .2} 

thi lrong cik cu9n diy tren stato sc xult hi¢n cac di¢n ap cam ting; 

tl·ona d·o~,. 
,. ·!~ . ~ 

u .. 1 =KU.co~ r ~in (mt+ «.p} 

u.i.1. = KU, cos r sin ( mt + <p) 

K - h¢ so biien ap 

q, - d¢ 1¢ch pha 

Tir cac cong thuc tr!n co 
the xac djnh du(:1C g,oc r. 

Tuy nhitn sv hien d9og 
bien d9 d1¢n a;p lam giam d(> 
dtinh xac t fnh toon. Bai tht 
nguoi ta s111 d[:lng phuong phap 
giai dieu bien dong h¢ 
(synchronous demodulation) 
tren ca si:J doi cbieu vdi tin hi~u 
chu.ln ,(khong trimg vdi dic;n ap 
cap vao roto). Trong tntong hqp 

( J 2.3) 
' 

( l.2.4) 
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bi6n ap xoay uhi~UCfC (khong-phai 2 q1c nhu hlnh Ji2.2) thl d¢ chinh xac 
co the tang len. Nguoi ta thuong su dl}ng ket hqp bl) bien ap xoay vai b◊ 
bien doi di¢n tu so de rulng cao dQ chinh x,k. 

Cam bien vi tri kicu bien ap 
la,m vi~c tin ·CfY. chinh xac va phu, bqp 
viri dai rqng vfn toe quay. Vl kh.ong 
dung difn vong tiep diem nhtr kien 
chiet ap nen dning c6 the lam vi¢c vcri 
v•n toe .cau (den 9000 vong/phut). · 
Tuv nh.ien lai doi hoi do chinh xac. 

IJfli-" • ,.. • • ,,.. ' • 

,can Vf cb! hm va lip rap. nen gia -
thanh ciing CllO han nhieu. 

Tuong 'tt/J d6i vui trui:mg hC/P 
tinh tien c6 cam biln vi tri ki~u bien 
ip sai dqng thay d6i luyt!n tinh L VDT 
(Linear Variable Differential 
Transformer). nhu tren hl:nh l '2.3. Bao, lfmh 12.3 .. Sa d6 cam bie'.n 
bQc xung qua.nil loi tir la rn<)t CUQO !J! tri kiiu LVDT 
day so ca·p va hai cuc)n dly thu cap giong h~t nhau. Khi djch chuyen h:H 
rtr d¢ tu ,cam t.trctng h6 giua cuc)n day sa ca'p va cac cu(m day tht1' cap se 
bien d6i tuyen t:fnb theo d(l djch chuy~n ckt 

2.4. Cam bi~n di~n tir 
T ,Ji., h"' h 12 4 ·· .. ,. ·h·"'~ d' . b' ~- d" ~ ·· · " · ' . f{;'n · 1n · . · • .. g.tat t . it;u sa • ·· .6 cam . ien · 1~n ur ( magnetu:: 

btL hometef) do van toe hoac do dich chuv~n. 0Au do I cubn dav ... .., .. ..,. ... . ,,,. . . ~ """ 

cam 2 cu(;)n xun.g quanb loi nam charn vinh ciru 3. Tran da.u t~e quay S 
gin m¢t dia c6 v{u 4. Khi trvc quay 1 khoang each tucmg doi giua dlnh 

,-.:.·h ·1· ;;; · .,. '·"1-· b~ l"kt...i: h vau oAc c 1a.n v«u so va:i v1 tn 01 nam c am . a nae ni .au nen ta<:J ra su 
thay d6i Jir thong va gay ra xung di~n d,u ra. , . 

s 

J: 1, ____ 2 

l L . __ _J.._, 
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" 2.5. Cam bi~n di~n quang 
T ~ h" h 11 < ·.t:.: h";,. d;( • b .• , d·'& ,:, " z ren , m. , ,;....,.., g1u1 t t~u so· · u cam 1en •~n quang. gom cac ula 

(doi v6'i tntbng hqp quay) ho~ cac thu& (d6i vm tnrong hqp tjnb lien) c6 
v~ch t6i sang die u nhau. Mc)t btn d,t nguon sang: 1 i mc)t ben d~t cac 
quang tIO 2. Do thay dOi vi trf tumig d6i cua cac ph,n di d¢ng so vai phln 
co dijnh nen tan so va luqng anh sang lot vao quang tro ciing thay ddi. Tin 
hi¢u qua b¢: khuy!'ch d•i 3 va tfo cac .xung., ta do suy ra ·dQ (ijch chu~#!n 
bo~c v4n toe. 

2 

I 

;~ 

H'mh 12:s. Sa Jti com bufu d~n quang 

Thit!t bi cam bi!n mi boa ,quang hQC la m()t kifu cam bie'n di~n 
quaflg c6 nguyen ly lam vi¢c nhu di trinh bay a tren, nhG'.ng d:i dUQC d4u 
tu va ch€ ti:1-o chuyen d1:1ng thimh nhiing thuong phAm quen biet vl1i h~n 
g9i ta optical encoders, 

Thiet bj cam bieh rna hoa quang hqe Ja thiet bj bien dich chuy~n 
g:oc di.en hinh. Tin hi¢u di'.iu ra cua cam bien lt)tJ.i nay la t(n hi¢.u so nen rat 
thu~n ti¢n khi noi ghcp vrri may Hnh ma khong can thtm b¢ chuytn doi 
AID nao. 

Ngt.roi ta phin ta 2 to~li chinh: cam bicn nta boa gia trj tuy~t doi 
(absolute encoders) va gia tri so gia (incremental encoderS). Lo,i thu 2 
d1.tQ't dung n}ng rat hon vl gia thimh thap h<m, Neu khi c~n so Ii~:u dqc ra 
la v~n t6c th1 chi dung lo{li thu 2 nii y, 

Cdm hiei:1 mii Ito,, IU}'(!t d,s'i c6 b¢ ph~n chinh la dia crong su6t. 
Tren do co tu 2 den 30 dai dtrong rieng bi~t chi~u r¢ng nhtr nh:au va cac 
dol(l:n "ang. toi t~o nen di.a vi,tch cbua'.n. Ngu6n sang se chieu lQt vao cac 
c~'.tm bie'n quang (fhtrong dung phototransistor ho~c photovoltaic). Do vc).y 
can1 bien ,Lan luQt c,a ra cac xung nhu trfn hlnh 12 .6. 
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Hinh 12.6. Tin hifu ddu ro d~ng song cua thflt bi cdm biln ma hod tvy~t d6i 

Nhu tren hlnh 12.6, trl!n dTa c6 4 dai duong. voi 16 vi ui chia hlnh 
tron ra 16 hlnh re qu,t, goc dmh ta· 3WY16; 22;51

\ Phfa ben phii hinh 

l 2.6 la cac dn. hi~u trong 1/4 vong quay di s6 boa: so O ung voi tf,li quay 

qua dofn toi. so I ~ khi quay .qua doa.,n sang. 0 day da mi boa cbeo ht 

Gray Code. A la vi td xua1 pbat d! t.inh toan va cling la nai dJt h~ tbang 
;t .b. " 'Ji.· · · it:. ,., L " · w· r· 'i..A l.,,h •. ,, h d • "' • 1·~· • C«tm · 1tn quang .v"' nguun sa:ng , con ·· .· 1a vv J\ uyec . ~ll va xu y tln 

hi~lr d,ng song~ 
r .. ·;,..:,,.:.-. ,!,.· .. ,.1[;~.,.111.1.,_~l.:J.1 •.. •, .. l•,',...... ,.,,:,,,.,.• \ .,, .. :;ll L,q -t·,.,:i•1 n1'··~"t l'],•., n'1· .. ,,1,~h1'•rTI·• i:,, ,-rj. , ••' . , , ,. ,,;::1:t" "·'·· '-••. ''}' t,.,., :t:- i•-•·• ·'4:.i 1 .J •.• 1.-:. n, h• •,J:.,(\ 

gim hen vdi ln11: quay .. ch'2 1:;w tt~r ln.u thu} tm.h tlac l1i1¢l, co h¢' s•.'l gi~tn nu' 

nhii;,;'I rat tht{p,. ntn l-~·m g9i Iii di1 bnh. 'J'n.:"n in:d i1ia kinh duqc· chia '\trh 

den lrftng; tlJu nhau .. Dia kfnh ,c~,j h~in kinh c.iug h1r1 thi kfoi n[mg_ dna 

CJtrlf c:a(L Khi I.Ha kinh tlU"Y· ,inh -.,ing ti.t; ngu;,n truyi:n qua nhuui; kl:ni,.tng 

rr{mg d~·n cal.'.: qu;in!; , 1 it d.~1 d<)i di,..:n 1m, r;i nh1Jng li.n hi,i;·u di(:n .. Tin hi 

nh .. 1.n duot iit tiu hi~u lk:.) d,,;J ·Ct) ,quy lu,d. ,.hr:r,., Lhn qua 
'i.' '.\ 1·i·•n,:1 ·1,·r1 1,1· ;,-~.{ :11,· n•1 '"-l'". 1·,1•·l'l,l' t;'n hi<';)) , 1.-•r,,,~ ·1: IWl(,!1 ('(') 11 'fl .... ., ~~···"-t:'' ., .. ~.l- "'' , .. ·l:,~J ..... ,.,.""· ,~, .. _.,,, ...... ;., 'i:,-l~l- ';:;~- --··_.••-~·.:.7:· '• .,;• ,.·1,:,.k ,., 

·,···· ... " 
U:10! ,., .,; O 

dia 'kfrlh .. niu.rng b<i tri ~ao cho v,.1.ch kh:k 'lrl'n -+ (; ci'n1 s6 rn\y 1{\:li 

nbau 1/4 elm kS· ,:;J~.h khfH:, 
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~h:H d~ch ,:huyt'n g6c: quay i.'tl;J d'.ia kinb l,:\O r.i SI!' thay doi di~n 
lii.:11 phfin iinh ·s,ing l9t qua. do v~)y 1 hay d6:i tfUnng th()ng dl1n t6't sv shay 
,.f._,, r{n hi~u di?m. 

Hinh 12.8 cho thay: 

* T~i cita s6 A: cac v""ch trfn cira s6 che kin cac khoang trling tren. 
ma kinh nen anh sang k.hong l9t qua. Loe nay di~n tro la Rmu . 

.. T~i clra s6 B: cac v~ch tren cira s6 trung khit v6i cac v~ch trcn 
dia kinh va kho~ng tr6ng dugc mo: hl!'t co cho anh siing di qua. Luc nay 
di~n tra la ~llkUl* 

- T,i cua so C; cac VfCh tr~n eua s.d di vao den giua khoang tr6ng 
tren dia ldnh nen di~n tfch phan anh sang IQt qua chi mc,1 nlia. f)ay la. vi 
tri trung hoi va c6 ditn trd la Rl'I = ( ~ .. ,t·'Rm,11)/2 .. 

.. T~• cira so Q~ CIC v~ch tren cira s6 chdm vao nua vich khic tiip 
theo. Lue nayt gidng nhu cua sfi, C. di~n dch cho anh sang di qua chi con 
m•l)t nU'a. va di¢n tr& la ~ 1• 

I 
Ciras6A Cira s6 C 
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Nhu tht, khi m,t,t chin quay tttang d6i, so voi dia niia chu ky tht 

"' Tti A:~ gilm dtn R0 

.. T4i B: Rmit'I ting den ~l 

.. T~i C: R0 ting din ~~ 

- T,i D: ~. giim din .R.n., 

~a nua chu ky tie'p theo: 

- Ti)~ A : R.) giim de'n Rmin 

- Tti Et .Ro tang d!n. R,_11[ 

- T,i C: R!M~ giim dc!n ~. 

- T'1 D: Rmm ting. d!n Ro 
Qua trlnh nay Hen tt.,lc ditn ra 1,0 nt.n cac tin hi¢;u chu ky. 

· Ng.ay nayt tren ca sb phat tri!n kj thuJl vi xu ly ngubi ta con dtlng 
m()t so phuqng pbap chia nho kboing each. Trong do• c6 phuang phap 
nhin XUllf va pluronJ phap n<)i suy di~n tt dilng ma,ng dien trb thfch hqp. 

3. Cam bi~n h}'c va cam bi~n xuc giac 

3.1. Cam bi~n ll}'c 

Cam bi6n iqc chu yiu dung de n~ bi!t phin. lyc xuft hi¢11 trong 
khi lip rip cac, chi tiet m4y. Doi kid cOng dung di nh~n .tfn h~u lfo trong. 
cac khap dqng., Thuong thubng cac cim bien l\fc duqc, lip a cac khdp 
quay~ ~ c:6 ·ray hate tm.e tiqftf&l ~ k~.P• a, pmeu -p11~1 ~•P 
n,~··•~et•'.t\te• ~ti~:g· '.tr<?Ps··c~.··¢Ju'•"~~m•··•~1fn.••··Yr •·g~,.-!i¥~··••ti~P·•·••·s~t•••·1:~.•tij'•~li•. 
bl~Ii. tl)l~.dolig di~n. q dQns co.~~f. ¥tii~u ': ..... ·~·-· clc: kh6J,.· Qll-ay~ .Nbuilg: 
pn6 bien la du~g pbuang phap.quen. bi~ do hies d'9gdung c4,c: tens~m~t 
·Ouing ·CQtl duqc g9i la cac *'tern biln d~g'\ vi tr6ng gi6ng nbu nhing 
con tcm nho chua Mn trong mQt daydi?n tro va duqc dan trtn cac thanh 
bit?:n d~g .. Dudi day giai thi¢u m()t k.itu ~am bitn lqc thuang duqc 14p a 
khop,quayc& 'ta)',.. eh6n6i vdi·ban·t<;pva g9i·t1t Ill c.am bi!n llfc chi ~P-

Cam bien Iiµ chu1h9p. 

Tren hinh 12.9. mO ti mc)t ki!u cam b_i!n lf!C khop ,quay bankf?p, 
voi b¢ pbJn Chu ylu co hinh chir th.p. Tren m6i nhanh cita hmh c.p,i thfp 
duqc din 2 •CfP tensomet. Qua nhung du do, se nh,n bi& duc.,c lt,tc tac 
d()ng ltn m6i nhanh chu th~p. . 
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!I 

Hinh 1 .9. Cam bie'n t11c dul- thqp 

.• ., • • ,. " . • • - ,. i~ .... i.. .. .! ·x- h··.i Gui su rang anh hutmg qua 1'1 gum cac tensomet ~ ,rat nilu. cu t c 

bo qua. Nba vty tu cac so do cua 8 c~p tensomet. bing each c¢ng ho~c 
trir gifr~ chung ruy theo cac tnr~g bqp C\l th~, co th! x.ac djnh duqc 3 
thanh phcin 1\fc F (Fl:~ F,. F,.,) va 3 thanh phin m6mem M' (Mi. M}. M✓,). 
Gqj chung F~ la m¢t vectcr mo r~ng bao g6,m 6. thanh pt-~ n6i trtn v\ \V 
co thanh phAn la 8 so U~u do duc;1e ,(W1, W2, w)i. W4, w.h W,i,-, wr. W1) 

FM= RFW (12,.5) 

vdi: 

Cac phan tu r,.i ':# 0 cua ma tt1:n RF ila cac ht so luong s.rng, dJ <Jien 
d6i cac so do theo dung thu nguyen cua chun.g; W (von)., F(N), M(Nm), 

Theo b6 trf cac ,tensomet nhu tr~n hlnh ll.9 thl m¢t s6 phtin ltf r,J 
se bing O va ma tr~n ( 1 ~6) s! nhu sau: 

0 0 rn 0 0 0 'i1 0 7 

r:u 0 0 0 r:u 0 0 0 

0 rl2 0 '14 0 r.16 0 ru 
RF -· (12.7) 0 0 0 .r,.4 0 0 0 :r,., 

0 rs1 0 0 0 r,1i 0 0 

r,1 0 r6J 0 ,;, . 
.!I 0 ri1 0 



47 

Ta (12.S) va(l:f7J c6 ca.cthanh p&An cua FM~ vi d~: 

F1 = r11W, +rnW,. (l't8) 

Bitu thdc (lf._~8) hoan toan phu hc;,p voi hlnb 12,9b. 

De xac djnh cac ~ st, r1.i t:rong (l 2. 7) ngum. ta thuong chuin muc 
hoi (calibration) kit hqp tfnh toan va th-,c oghitm. Bin chat vi~ chuin 

boa mile boa a dAy la thi6t l~p m(tt ma tr4n R; thoa min di!u kitn sau: 

W= R;F ... 
(11.9) 

R; llma~8x6. 

NhAn 2 v~ oi:9J vm < R; f. ta. co:. 

(R; )1 w = u R; )1 R; r1 FM. 

Tud6: 

FM= ff R; f' R; r' c R; tw, 
So sanh (11.5) vii O Lll),, ta to: 

R .. , T ·R•· , R·• r 
R. ~ r< F > ; f r r f r-

(l2.10) 

(l'.t I l) 

Ma tr,n R ~ dugc thiet lfp utn ca s;,c:, cac cong thuc trtn vi caC 
kt't qua thqc nghl~ khi cho truik cac Sia tri cua FM• 

3.2. Cam bi~n xuc giac 
Trong kj tbuJt nguai may thuoog dung cic cam bien xuc gmc di 

nh~n th6ng tin ve su, tii!p xde cua. ban kf?p vm d61 tuqng. Nhiiing thong tin 
do bao g6m • vi tri. blnh tbu cua doi tugng hoijc li,c cAn k~p v. v. 

Co the phAn. cam bien xuc giac ra bai nhom cu bin:· cim bien co 
nguBng Un hi~u rb:i r.,c vl. cam bienc6 tfn hi~u u.rang t.f. 'Can1 bien xuc 
giac c6 ngu-ong tin bi~u rai r~J.:. Day tht.rc cha1 la nhilng cong tac tinh vi 
duqc lip dft b phi a ~n trong cua cac ng6n ban k~p (hlnh J~; 10) de cho 
bi~t thong tin di c6 v,t kt?:P giua cac ng6n chua, crin k~p vao vi trf nao cua 
vtt v .. ,:v. 
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Hinh 12.11. Cam biin ,cue gi6c dung lfn hi.ju tvang ti! 

Cam bitn xuc giac dung tin. hi~u tuang tv: l~i dcm. giin nhit co set 
d.6 nhu trtn hlnb lJ 11. N6 g6m m(lt thanh ty va.o v~t nha 111c lo xo. Lye 
ngang ttr ph{a vtt tac dl;lng vao thanh lam chuyfn 4¢ng di m~t goe quay 
(vi d1:1, bing co ~u tbanh ring ... banb ring)~ Ode quay nay ty I~ vai hJc 
ngang va duqc lien t\}C ghi do bing co ca'u chiet ap. Gag vai d(> cung vUng 
di biet cua lo xo, c6 the xac d!nh dugc l\lC tbeo dQ dich chuy!n cua goc 
d~ ghi do. 

Tron.g nhilng nlm gan dAy m¢t van ,d~ r(t duqc ,chu y la tfo ra cac 
b4 mJt xuc giac. c6 khi nlng thu nhtn eung m(Jt hie mc)t luQng loo th6ng 
tin. Tten hinb l '.l:. l 2 ta mt)t vi d1:1 minh ho~. Phia b!n trong cac ngon cua 
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ban k~p dm1c gan ,Cac' m~t xt1c giac (l ). Cac mij.1 phia btn ngoai {2), cua 
ban k~p c6 thi gan ci cac cam bien tin hi¢'u rai n~.c. · 

· ~c du mijt xue giac thuong la td hqp nhi!u 1o~,i dbn hi€n rie:ng 
le., nhtmg. mQ;t buong c6 tri~n vqng I.a cung dung cac tam vtt li~u ban din .. 
vi dl,I .. tttu nen grafit c6 di~n trb thay d6i theo a:p lye. S11 thay d6i di~n tro 
d~. dang biln thimh dao dQng tin hi~u · di~. Bien dt) eua no ty le; voi lqc 
tac dqng ltn be ~t v~t kt;p qi diem tie'p xuc.De t~o cac mJt xuc giac ma 
doi khi con gqi la '*lop da, nhAn ~o" c6 the •CO cac phuong phap, ,chu yiu 
nhutren hlnh 12~13. 

Phuong phap i:1' binh 11 . t3a tfo ra cac ucira s&•fl ghla lkh.oi vtt H~u 
din. 0) nirn giiia thin VO (2) va h! th6ng dien CUC (3 ). Moi dien cue la 
mqt 6 vu6ng "cita s6,i' tiep nhtn tin h:i~u tti .m¢t' diem ti!p XU~ v{l vtt .. 
Tuy thu(>c vao ap l\fc ltn v~t li~u ban din, dong di¢.n tu thin vo, den di¢n 
cl:tc se bitn d6i. Theo phuang phap & hlnh l2J3b c6 c..tc c.,pdi¢n eye (4) 
tren cac tim m~h di~n (S) thl V@l li~u dan m\m phia trtn va each di~n vm 
tam nly tril cac d10 tifp xuc voi d:i~n Cl!C. Ap l11c tit d6:i tuqng lam thay 
d&i die,n lru va nho C:'aC maeh dien tu. bien d6i thinh cic tin hieu kha.c 

"'i . • -,. • ' ,. . 

nhau. 

d) 

H'mh 1!2.13. Phwng phdp tgo cac m~t xuc giac 

Trong cac phuang phap hlnh l2.,13c v~t din di~n fl) dJt ghla 2 b9 
ditn ·Cl;l'C ngang (X) .• d9c (Y} vuons goc vai nhau. Ditm cheo nhau giua 
hai thanh dl~n ca,c X, Y co v~t din di~n chen giua thanh m◊t .di!m n~~y 
cim. BQ di~n clJ'C c6 l{tp vo ,cao :~u ,(6) chuytn dich tfo l\fc tu phfa ngoai 
tac dona ten mOi di!m nba:y cam Uim thay·. d6i dit!n trcf' cua vit din va do 
"1· + .c:,_ ., ,., ,,. 

vty lam tllky dlli dong di~. 
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4. Cam bi~n tin hi~u gin va tin hi~u xa 

4.1. Cam bi~n tin hi~u gin 
Troog Icy thuJt ngl!m may thuang dung de cam bien tin hi¢u gan 

dt xic dJnh st.r c6 m,1 cua d6i hIQng trong phfm vi khong gian ngay sat 
btn ch6 thao tac de k~p v4,t ho~c di dmy!n vong qua cht.tang ng~i. v.v ... 
Thuong sir d:JJng m¢t s6 cam bien chu yeti sau dty: 

Cdm biln til aim dt1,a trtn nguycn tic tha.y dOi d¢ tit cam khi tbay 
d&i Ct;f ly giua cac v,t the kim 10,i va cam bien. 

, 

ill 
• 

Hinh 12. 14. Cdm bifn til cam. , 
a) Sd d6 c,:fi.t t~o; bJ &t d6 nguyen iy lam U:ifc: .• 

Tren hlnb I), 1.f 1a so d.ci c!u ~O· mQl kiiu cam bit!n tu cam,, N6 
g6m c:u¢n cam (1) d~t :sa:u nam •chAm vinh cuu (2) nlm trong than vo (3) 
v6i ph!n each di~n (4) va dau n6i (5), K.hi dtt cam bi~n ,gin vai v~l th~ 
nhiem t:ir thi cac dubng stic (6), se tha.y d6.i va klli c6 chuyin d(mg urcmg 
doi cua chung trong tu truong th] dong di¢n cam, trong •CUQD dty SC thay 
dOi cuim,g de). bitn ,d(> vi tm s6 ty 1¢ vm muc thay d6i tu 'lruong. 

Tren hmh 12,,: I Sa. bitu dien s1;t bitn thien theo tboi gian t cua di¢n 
the V d4u :ra cu(>n ci:m ph\l thu(>c vao vtn t6c ( I - v,n t&: cao,. 2 .. vtn t6c 
th~p) dj,ch cbuyin ~ong doi"trong tutrirang giua cim bien va d,6i 't11Qng. 

Tren hmh f~.15b la quan b~, giOa. bitn dy A cua di~n the va. cq ly 
giua cam bi€n va doi tttgng. D6 thi cho thiy khoang each dmg xa nhau 
thi d(} nh,y cang giam va cam bien chi co hi~u b;c trong c1;t ly dudi 1 mm. 

Nhu v~y,, dt nh~n ch.t<:,"'f: tiP hi¢u ra tll cam bie'.n !.ofi nay cin c:6 S\f 
chuyen dgng tmmg d6i. ,giua cam bitn vi d01 mqng. Thong thuang trong, 
ky thui)t ngucri may khi dung cam bi.th tfn hi~u gan chi cln tin hi~u 
ngtrong khOng lien ~c. C6 th! nh$,n duQ'c ti'n hi~u 1o~i nay bang cf.ch t!er 
phAn t{n hi¢11 ra. , 
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q) 
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Ar--------....-, 

Ill 

N 

Hinh t~ .. 16* a} Com bie'n HaH1 
b} Cam biln Han oo oot nhilm tit, 



52 

Ciim bien tfifn dung. Khic vdi ci.c lo~i cam bitn fir cam va cam 
biln Hall la chi co the! nb•n d,ng cac v,t thi nhiem tu, cam biln di¢n 
dung phat bi~n du<;rc tit ci cac vit li¢u rin cllng nhtr long. Cim bi!n nay 
ho•t d()ng theo nguyen tit nht.n bi.ft cac v~t tht qua s:l:f biln doi cua di~n 
dung phlf thu¢c vao khoing each tdi v$t do. C6 nhitu pbuang phap nh~n 
bie't tin hi¢u gan bang cac cam bie'n di¢n dung. Dmi gian nhit la dilnr, bin 
t.Q dla cam bien co th! rung khi di~n dung VUJ1t ,qua m()t gia tri ngtrong 
nao do. Dao d¢ng chuyin thanh tin hi¢u di;n i:J dau ra. Cach phuc: tc,tp hon 
la, dung phan ttt di¢n dung luOn luon co, dao d¢'11g hlnh sin, Khi di¢n dung 
tbay ddi se xuat hi~n l~ch pha. Dq l~ch pha nay ty l~ vdi di~n dung can 
nh,n btet. • 

ffinh 12: l 7 la d6 tbi ve sq tbay ,2fJ ________ _ 

ddi dii;n dung AC phQ thu(K: vao 
khoang each toi vtt tl;I do. Khi khoang 
.each nay vttc;tt qua vai, mm thl d(> nhJy IS 

cua cam bi~n gram di ro r~t D¢ nh,y 
dG con ph1:1 thu()c vao V~t li~u do nhu 
tren hlnh 1~: 17 (ducmg cong s6 l doi /() 
vt1,i tMp. s6 2-d6i v6'i pOlyme). · 

C • b . ,., . · . r-!!. 1 . am· . · 1en sum am. .....ac Ofl 

,cam bien gidi thi~u iJ tren d!u ph' 
thUQC vao, ~t li~u cua vtt tbi duqc do. 
M " AA h h. A..... ' • t•hil ' ¼ . d. uc. uy p ·~ t • u~ nay co .. c· g:1am . · 1 

h. .. t·h•· d'" ;; b' ~ . n 1tu ' . 1 . iung ca:m i!n s1.eu am. 
",1 

Tren hinh l~l 8 mo ta cau t,o 
mc)t loti cam bie'n s:i!u im dung trong 
ky thu~t nguai may di nh4n biet tm 
hi~u gan. Phan chu ytu lab(> bien am 

Hinh: 12 .17 .. Quan hf ghi'a 
di~n dung ua kho&ng cdch din 

o"t do. 

dung chat gom di~n ( 1) dtrQc bao Vt} bbg chit nht:11 tdng hqp (2). Tiep 
theo la phan giam am (3),. cap di~n (4). VO kim, 10,:i (5) va vb bqc (6). 

2 

I 

Hinh 
12 .. 18 .. 

Com bieri 
s:ieu am. 
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fl --
12 

Hinh 12.19. Tin hztu steu elm 

4.2. Cam bi~n tin hi~ u xa 

Trong ky thuft nguoi may thuong :trang bl cac cam bien Hn hi¢u 
xa ,di xac dinh khoiog, each tit cho lap dij,t •cam bien den dt~i tuqng, 
Khoar1g each c6 ~ do dU(le theo lhoi gian phat di va nh~n l•i ·t:i'n hi¢u xa 

....., -~ ..... 'ii, .... 11 .,I!' ,., -~ • ·~ . ..t .~ ~ ·,,., .I) h·"" ... h .. ",>I~ dung de din duon.g cho ngua1 may, ,gnJp no X.«1c d;nh cac vi tn1' . mh t .e 
cua d,6i tuqng ·va tlm ,each vong qua chuoog ng;d. Dudi day gidi. thi~u m(,t 
vai pbuong phap nh$,n tf'n hi~u xa. 
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(2). Nhtt v~y c6 th~ xac d;nh khoang each D tu quan ht tJch thuac cu.a 
tam giac do. hlnh 1i.,:20. • 

tfmh 12.20. 
Phuong phdp do 

tam grac 

j 

I 
D[ 

I 
l 
~ 

1 

IJ 

" 

.. Do khoang ca.ch theo thbi gian truytn tin hi~u. 

+ Qkh thu nhat la xung anh sang chii!'u tai vi phan hµ ,cung dQc 
theo m<)t ductng, Khi do khoang each tdi ~ mJt d61 nrc,ng duqc tfnh 'theo 
c6ng tbtic D - c. T/2. vm T - thoi gian: truyl:n tin hic~u,, c - tot dQ anh sang. 
H¢ thO'.ng dung xun.g lade c6 the thu ,Juqc d6ng thai tin hi~u hai chitu ty 
1¢ \tdi khoimg each. nen tfO ra anh c:ua d6i h.tQng. 

p 
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+ Cach thu hai la dung tin hi¢u tia fade,. 

Trong each t:ba hai thay tin hi¢:u xung anh sang bing tia lade lien 
UJC va khoang each duqc mfoh toan ,qu,ild,O l~ch ph~ gili'a tia taI va tia phan 
h6i (hlnh 12,21a). 

Gia thiet cac tia lade vai bl.toe song .l dtrQt tach hang hai: n19,m tia 
huang ve thiet bi do pha (P} d,t each kboang L, con 1ia Ida chieu vao ht 
m~t d6i tm;tng d~t each kh:ofrng D. Nhtt v.,y quang duung tong cl)ng chieu 
tdi va pban h6i tit ht:· mit ddi tuqng D; =- L + 2D. Neu D = 0 thl D' = L vii 
hie do hai tia tm thiegt bj do pha ,ciung m()t hie. Hai tia nay se c,ang h;:ch 
pha nhau (hlnh 1 l.2i b) neu D ding tang len. Trang truong hqp nay ta co: 

D'~ L I) l 
360 

vdi 8 - d!,t) l~ch pha~ 

Dd ta,ch bi¢tduqc hai tia, uk lad~ hai song khong trimg nhau 1hl 
8 < 360H ho~c 20 < t. 

Tu hai bieu thuc doi voi D 1 suy ra: 

Vfy co the xac djnb thoang cacb t1ua dQ 1~h pha (0) ncu di bh1~t 
buoc s6ng (J...). 

+ MOl ptu.rang phap d'iaen b1t1,h khac d~ do khoang each theo thm 
gfan u-uy~n tfn hit?U la phuang phip :sieu. am. y tuang Cd bin cua phuong 
phap nay cung tuang ti! nhur trong, phtrcmg, phap dung tin hi¢u X,ung Jade. 

Tin hi¢u sieu Am dtrQC nuyen di tro,n,g m()t khaiing thoi gian ngan 
va v~n toe truyen !m trong moi tru·cmg col nhu dii hi¢'t Qua vi~c doh toan 
quang thai gfan giila tfn hicu truyt:n tlfi ,,a tin hi¢u ph:a:n b6i sc· dinh ghi 
du~ kher~ng eac\1, :den be m:~1 doi \U9l)g fj;o.}. 
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Bai 6: L4P TRINH v A MO PHONG cAc cHUYEN BQNG cuA ROBOT 

1. Khai ni~m ch ung 

1.1. Gi6i thi~u chung v~ lip trinh di~u khi~n robot 

L~p trinh diSu khiSn robot thS hi~n m6i quan h~ gifi'a nguai diSu khiSn va 
robot cong nghi~p. Tinh phuc tc;ip cua vi~c l~p trinh cang tang khi cac ung d1;mg 
cong nghi~p doi h6i su d1,mg d6ng thai nhiSu robot v&i cac may tµ dc;mg kha l~p 
trinh khac tc;io nen h~ th6ng san xufi.t tµ dc;mg linh hoc;it. 

Robot khac v&i cac may tµ d9ng c6 dinh a tinh "linh hoc;it", nghla la c6 thS 
l~p trinh duqc (Programmable : kha l~p trinh). Khong nhfrng chi c6 cac chuySn 
d9ng cua robot ma ngay ca vi~c su d1,mg cac cam bien cfing nhu nhfrng thong tin 
quan h~ v6i may tµ d9ng khac trong phan xuang cfing c6 thS l~p trinh. Robot c6 
thS dS dang thich nghi v&i sµ thay d6i cua nhi~m V\l san xufi.t bAng each thay d6i 
chuong trinh diSu khiSn n6. 

Khi xem xet vfi.n dS l~p trinh cho robot, chung ta nen nh6 rAllg robot la m9t 
thanh phfin cua m9t qua trinh duqc tµ d9ng hoa. Thu~t ngfr, workcell duqc dung dS 
mo ta m9t t~p hqp cac thiet bi ma n6 bao g6m m9t ho~c nhiSu robot, h~ th6ng bang 
chuySn, cac ca cfi.u cfi.p phoi va d6 ga. a mire cao hon, W orkcell c6 thS duqc lien 
ket trong mc;ing lu&i cac phan xuang vi the may tinh diSu khiSn trung tam co thS 
diSu khiSn toan b◊ cac hoc;it d9ng cua phanxuang. Vi v~y, vi~c l~p trinh diSu khiSn 
robot trong thµc te san xufi.t cfin phai duqc xem xet trong m6i quan h~ r9ng hon. 

BS bu6c dfiu lam quen v6i vi~c l~p trinh diSu khiSn robot, chuong nfiy cfing 
gi&i thi~u tom tit phuong phap l~p trinh diSu khiSn robot TERGANu45 thong qua 
ngon ngfr ASPECT cua phfin mSm Procomm Plus for Window 

1.2. Cac muc lip trinh di~u khi~n robot 

Nguai su d1;mg c6 thS c6 nhiSu kiSu giao di~n l~p trinh diSu khiSn robot. 
Tru6c SlJ phat triSn nhanh ch6ng cua cac loc;ii may vi tinh dung trong cong nghi~p 
va cac ngon ngfr l~p trinh ngay cang c6 nhiSu ti~n ich cao, vi~c l~p trinh diSu khiSn 
robot ngay cang dS dang va thu~ ti~n hon. 

1.2.1. Lip trinh ki~u "D,y _ Hqc" 

Cac robot the h~ dfiu tien da duqc l~p trinh bAng m9t phuong phap ma chung 
ta g9i la : dc;iy bAng chi dftn (Teach by showing), robot duqc diSu khiSn dS di 
chuySn den cac diSm mong mu6n va cac vi tri d6 duqc ghi lc;ii trong b◊ nh6 cua 
may tinh, sau d6 cac du li~u se duqc d9c tufin tµ va robot thµc hi~n lc;ii cac d9ng 
tac da duqc h9c. BS dc;iy robot, nguai su d1,mg c6 thS hu&ng dftn robot bAng tay 
ho~c thong qua m9t thiet bi dc;iy h9c g9i la Teach pendant. Thiet bi dc;iy h9c g6m 
m9t h9p nh6 c~m tay (teaching box) c6 cac nut bfi.m va card diSu khiSn ma n6 cho 
phep diSu khiSn cac kh&p cua robot dc;it duqc cac gia tri mong mu6n. 

1.2.2. Dung cac ngon ngfr lip trinh 

Cung v&i qua trinh phat triSn ngay cang re hon va mc;inh hon cua may tinh,, 
chuang trinh diSu khiSn robot duqc phat triSn theo hu6ng viet cac chuong trinh 
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bing cac ngon ngfr l~p trinh cua may tinh. Thuong cac ngon ngfr l~p trinh niy c6 
nhfrng d~c diSm ma chung ta c6 th@ (mg dvrtg dS vi@t cac phin m~m hay chuong 
trinh diSu khiSn robot, va chut1g dugc g<;>i la "11gon ngU l~p trinh robot". Hiu hSt 
cac h~ fh6ng diSu khiSn dung ngon ngu·l~p trinh robot vful duy tri kiSu giao di~n . 
Teach pendant (d~yuh9c). 

Ngon ngfr l~p trinh robot c6 nhiSu d~ng khac nhau. Chung ta phan chung 
thanh ba lo~i nhu sau : 

a) Ngon ngfr robot chuyen dung : nhfrng ngon ngfr l~p trinh robot niy dugc 
xay dµng bfug each t~o ra m<)t ngon ngfr m&i hoan toan. Cu phap (Syntax) va ngfr 
nghia (Semantics) cua cac ngon ngfr niy c§.n phai rfit don gian vi nguai l~p trinh · 
cho cac ung dl,lilg cong nghi~p khong phai la m<)t chuyen gia vS l~p trinh. Vi dv 
nhu ngon ngfr VAL (VAL 2) dugc dung dS diSu khiSn cac robot cong nghi~p cua 
hang Unimation (Hoa ky); ho~c m<)t ngon ngfr robot chuyen dung khac g9i la AL 
dugc xay dµng & D~i h9c Stanford (hoa k:y) ... 

b) T~o ra cac thu vi~n robot cho m<)t ngoil ngfr· l~p trinh cfip cao da c6 sin : 
Nhfrng ngon ngfr l~p trinh robot niy dugc xay dµng b&ng each dµa tren cac ngon 
ngfr l~p trinh cfip cao thong dl}Ilg (vi dv nhu Pascal) va them vao m<)t thu vi~n cac 
thu tl}c va ham d~c bi~t dung cho robot. Khi viSt cac chuong trinh Pascal dS diSu 
khiSn robot, nguai su dvng se g9i cac ham ho~c thu ajc da dinh nghia tru&c trong 
thu vi~n dS xu ly cac n<)i dung c6 lien quan dSn vi~c tinh toan ho~c diSu khiSn 
robot. 

Vi dv PASRO (Pascal for Robot) la m<)t thu vi~n dung cho l~p trinh robot, 
cung cfip nhiSu thu tvc va ham d~c bi~t dS tinh toan va diSu khiSn robot dung trong 
moi truong ngon ngfr Turbo Pascal, ho~c P ASRO/C la phat triSn cua P ASRO, 
nhung dugc viSt tren CO' s& cua ngon ngfr Turbo C. 

c) T~o ra cac thu vi~n robot cho m<)t ngon ngfr ho~c phin mSm da dvng 
(Robot library for a new general u purpose language) : Nhfrng ngon ngfr l~p trinh 
robot niy dugc xay dµng bing each su dvng cac ngon ngfr ho~c phin mSm dung 
chung cho nhiSu mvc dich nhu la m<)t chuang trinh ca ban, sau d6 cung cfip them 
m<)t thu vi~n chCra cac thu tl}c d~c bi~t dung cho robot. Vi dv nhu ngon ngfr l~p 
trinh robot AML cua hang IBM va RISE cua hang Silma, ngon ngfr Aspect cua 
phin mSm Procomm Plus ... 

1.2.3. Ngon ngfr l@.p trinh theo nhi~m V\l (Taskulevel programming language) 

Muc thu ba cua phuang phap l~p trinh robot la t~o ra cac ngon ngfr l~p trinh 
theo nhi~m vv. Nhfrng ngon ngfr niy cho phep nguai su dvng ra cac l~nh dS robot 
thµc hi~n m<)t cong vi~c mong mu6n m<)t each trµc tiSp ma khong cin xac dinh 
m<)t each chi tiSt cac ho~t d<)ng cua robot nhu cac ngon ngfr l~p trinh thong thuong. 
M<)t h~ th6ng l~p trinh robot theo nhi~m vv phai c6 kha nang th€ hi~n nhi@u cong 
vi~c m<)t each tµ d<)ng. Ching h~n, n@u m<)t chi thi "Grasp the bolt" ( cim 1§.y 
bulong) dugc t~o ra, h~ th6ng phai v~ch ra dugc m<)t quT d~o cua tay may ma n6 
tranh dugc sµ va ch~m v&i bfit ky chu&ng ng~i v~t nao chung quanh, ch9n dugc vi 
tri t6t nhfit dS cim lfiy bulong m<)t each tµ d<)ng. Ngugc l~i, trong ngon ngfr l~p 
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trinh robot thong thuong tAt ca nhfmg sµ lµa chc;m nfiy phai duqc thµc hi~n bai 
nguai l~p trinh. Trong thµc tS, ngon ngu l~p trinh theo nhi~m V\l chua duqc dung 
trong san xuAt, n6 con la m9t li'nh vµc dang duqc nghien cuu. 

Sau day ta se nghien cuu m()t phfin mSm da d1,mg dung truySn du li~u va 
diSu khiSn thiSt bi c6 thS dung dS diSu khiSn robot. 

2. Phftn m~m lip trinh Robot 
Procomm Plus la phfin mSm dung dS truy@n du li~u va diSu khiSn trµc tiSp 

cac thiSt bi qua c6ng COM cua may tinh ca nhan. V &i Procomm Plus ta c6 thS su 
dvng may tinh nhu m9t Terminal ho~c thµc hi~n cac Scrip files viSt bfulg ngon ngu 
l~p trinh Aspect. 

BS ch~y phfin m@m Procomm Plus a chS d9 Terminal ta c6 thS dung m9t s6 
each sau: 

a) Su dvng Desktop Windows : An dup chu9t tren biSu tuqng cua Procomm 
Plus terminal Windows. 

b) Tu mvc Run... trong Start cua Windows, go l~nh : pw3 , chc;m OK. 
c) Vao Start cua Windows, ch9n Programs, ch9n Procomm Plus 3, ch9n 

Data Terminal ... 
Menu chinh cua Procomm Plus c6 nhi@u ti~n ich, rAt thu~ ti~n khi di@u 

khiSn cac thiSt bi giao di~n v&i may tinh kiSu RS 232. 
Cua s6 chinh cua phfin m@m Procomm plus a chS d9 Terminal nhu hinh 5 .1. 

Eila 

OATASTORM 

Thanh cong c1,1 

Cua so nhl1i,p - xuAt dil' H¢u • 

Thanh ~g tMi Dong ,chQO nhanh kilu gfa.o di~n 

Hinh 5 .1 : Cu-a s6 chJ.nh cua Procomm Plusfor Wind:ows. Version 3 .0 
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Menu chinh : Cung d.p cac ti~n ich cfin thi6t trong qua trinh sir d1,mg, 
menu chinh c6 cac menu keo xuf>ng (Pulldown) tuang tµ nhu nhiSu phfin mSm 
thong dl,lng khac. N9i dung cua Menu chinh c6 thS thay df>i duqc theo ID\lC dich sir 
d\lfig. 

M9t sf> n9i dung cua menu chinh c6 thS dung trong qua trinh diSu khiSn 
robot nhu sau : 

Menu Setup : Dung dS xac djnh cftu hinh cua Terminal Windows va ch6 d9 
giao di~n gifra may tinh v&i thi6t bi. Trong menu nfiy con c6 thS sir dl,lng ID\lC con 
Action Bars dS ch9n file chua n9i dung cua thanh cong C\l va cho thS hi~n tren man 
hinh. 

Menu Data : Trong menu nfiy ta c6 thS dung cac menu con sau : + Clear 
screen (Alt+C): Xoa man hinh nh~p xuftt dfr li~u; + Reset terminal (Alt+U): 
Xoa man hinh va b9 d~m (buffer) cua Proco mm. 

Menu Scripts : Trong menu nfiy ta c6 thS dung cac menu con sau : 

+ Start scrips (Alt+.): Thµc hi~n m9t Aspect scrips file, c6 ten duqc thS 
hi~n tren thanh cong Cl,l. 

+ Run ... (Alt+F5) : Mo h9p h9i tho~i Run ASPECT file , chung ta c6 thS 
ch9n ten file, thµc hi~n vi~c dich cac file. ngu6n tru&c khi ch~y chuang trinh. 

+Compile/ Edit... (Alt+F3): Mo h9p h9i tho~i so~n thao va dich cac file 
' nguon. 

+ Start recorder ... : b~t dfiu tµ d9ng t~o ra m9t scrips file bAng cac ghi l~i tftt 
ca cac l~nh thS hi~n tren man hinh (nh~p tu ban phim). Khi ch9n ml,lc nfiy se xuftt 
hi~n ID\lC Stop recorder, dung khi muf>n k6tthuc vi~c ghi tµ d9ng scrips file. 

C6 thS ch9n ill\lC nfiy tren thanh cong C\l bkg each fin chu9t vao biSu tuqng . 

Menu Tools : Trong menu nfiy ta c6 thS dung cac menu con sau : 

+ Action bar Edition : Dung dS so~n thao hay thay df>i n9i dung thanh cong 
C\l cho phu hqp v&i ID\lC dich sir dl,lng. 

+ Aspect Editor : Mo cira sf> dS so~n thao script files bAng ngon ngfr Aspect, 
chung ta c6 thS t~o m&i, xem ho~c sira df>i n9i dung cua m9t file (d~ng Text). 

+ Dialog Editor : Mo cira sf> so~ thao h9p h9i tho~i, cho phep ta t~o ra cac 
h9p h9i tho~i bAng phuang phap trµc quan (Visual). 

? Tha.nh cong Cl} (Tool bar): c6 ~iSu Icon ,(biSu tuqng) giup nguai sir d\lllg 
c6 the thµc hi~n nhanh m9t cong vi~c bang each barn chu9t tren bieu tuqng tuang 
ung, thay vi phai vao Menu chinh. N9i dung cua thanh cong C\l cfing c6 thS thay 
df>i dS dang dS phu hqp v&i ID\lC dich sir dl,lng (m\lc Action bar Edition). 

Cfra s6 nh@,p u xuit dii' li~u : la phfin man hinh dS nguai sir d\lfig nh~p vao 
cac du li~u, cac l~nh diSu khiSn va cac thS hi~n thong bao tra vS tu cac thiSt bi 
duqc diSu khiSn. 
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Meta Keys : Dung dS cai d~t sin cac ung d\lng thuong hay thµc hi~n. N◊i 
dung cua cac Meta Keys c6 th@ thay d6i dugc dS phu hgp v6i tung m\JC dich SU 
d'1fig. Khi muf>n thµc hi~n m9t cong vi~c da gan cho Meta Key chi dn §.n chu9t 
vao Meta key d6. Muf>n so;;in thao hay thay d6i nhi~m V'1 cua Meta Keys ta thµc 
hi~n nhu sau : 

Cach 1: §.nphimALT+M. 

Cach 2 : Ch9n m\Jc Meta Keys Editor tu Tool menu . 

Dong chqn nhanh ki~u giao difn : Cho phep nguai su d\Jng ch9n nhanh 
ki@u thong sf> giao di~n giua thiSt bi di@u khi@n va may tinh nhu : c6ng giao di~n, 
tf>c d9 truy@n thong tin, ki@u xu ly du li~u ... b~ng each §.n nut chu9t trai len cac 
m\JC. 

3. Phuo-ng phap lip trinh Robot 

3.1. Gioi thi~u ngon ngfr lip trinh ASPECT trong Procomm 

M9t ASPECT script file la m9t file d;;ing text dugc t;;io ra dS chua cac l~nh 
dugc thµc hi~n boi Procomm Plus. 

Gif>ng nhu nhi@u ngon ngu l~p trinh khac, ASPECT yeu cfiu phai dich 
chuong trinh so;;in thao. M◊t script file chua dich, hay con g9i la file ngu6n, c6 
duoi la .was (Windows Aspect Source); con m◊t script file da dich c6 duoi la .wax 
(Windows Aspect executable). Khi m9t script da dugc dich, thi cac du li~u va cac 
cau l~nh chua trong file ngu6n se dugc chuy@n sang ma ma Procomm c6 th@ d9c 
va xu ly m9t each nhanh ch6ng. Sau khi djch thi file djch (.wax) c6 kichthu6c nh6 
hon so v6i file ngu6n. 

Tom l;;ii : m9t script file phai dugc dich tru6c khi c6 th@ thµc hi~n. M9t file 
da dugc dich khong th@ dich ngugc tr& l;;ii thanh file ngu6n 

Chung ta c6 th@ t;;io m6i va so;;in thao file ngu6n (.was) b~ng trinh ASPECT 
Editor hay b§.t ky m9t trinh so;;in thao d;;ing text nao khac, nhung phai d~t ten t~p c6 
duoi la . was. 

DS t;;io m6i m9t file ngu6n ho~c thay d6i b6 sung n◊i dung cua m9t file da 
c6, tu menu chinh cua Procomm, ch9n Scripts I Compile/Edit... ho~c fu1 chu9t vao 

bi@u tugng tren thanh cong C\J. H9p h9i tho;;ii dung d@ so;;in thao va dich cac 
script files nhu hinh 5 .3. 

Muf>n t;;io m◊t file m6i ta ch9n nut l~nh New; muf>n sua d6i n◊i dung m◊t 
file da c6 (ten file da ch9n tru6c trong m\Jc File name) ta ch9n nut l~nh Edit; muf>n 
thoat kh6i cua s6 so;;in thao ta ch9n nut l~nh Exit. 

Khi ch9n nut l~nh New ho~c Edit, tren man hinh se xu§.t hi~n cua s6 so;;in 
thao d@ ta vi St ho~c su d6i chuong trinh;. 

Sau khi so;;in thao xong, muf>n ghi vao dia ta ch9n File I Save ho~c File I 
Save as ... Ta cung c6 th@ ch9n bi@u tugng "Ghi va dich" (Save and Compile) tren 
thanh cong C\J dS ghi vao dia d6ng thai dich thanh file . wax. 
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COMPILE/EDIT ASF'ECT FILE £1 

inverskiwas 
kir1ema.was 
line.was 
fmecbtwas 
lo on_was 

,or •• 
, . , ....... . 

·:;;;l·c~\ 
~ piowin3 
(:3 aspect 
CJ cismgi 
Uhoot 

Hinh 5.3: Cita sil soqn thdo va djch cac scriptfile.i 

BS chl;ly m9t Aspect script file c6 thS thµc hi~n b&ng nhiSu each : 

+ Ch9n mvc Script tren Menu chinh, ti Sp theo ch9n mvc Run ... Luc n§.y se 
xu§.t hi~n h9p h9i thol;li dS ch9n file mufm thµc hi~n. 

+ fin chu9t tren mvc Script file cua thanh cong cv, sau d6 ch9n ten file mu6n 
thµc hi~n. 

NSu m9t file da chl;ly, ten vfin con trong mvc Script file, mu6n ch~y l~i thi §n 
? l\~J·i 

chu9t vao bieu tugng 'C:t I tren thanh cong C\l. 

+ C6 thS chl;ly m9t script file tir cua sf> Compile/Edit ASPECT file (Ch9n 
mvc RUN) (hinh 5.3) 

3.2. Ki~u dfr li~u va khai bao bi~n trong ASPECT : 

a) KiSu du li~u: ASPECT cung cfip cac kiSu du li~u nhu sau: 

integer (kiSu nguyen) : C6 gia tri tir u32768 d@n 32767. 

float (kiSu s6 thµc): C6 gia tri tir 2.22507385072014eu308 d@n 

1.797693134862315e+308. 

long (kiSu nguyen dai) : C6 gia tri tir u2147483648 dSn 2147483647. 

String (kiSu chu6i) : C6 thS chua tir O dSn 256 ky tµ. 

Tfit ca ten cua cac ph§.n tic trong ASPECT, nhu ten tir l~nh, ten ham va thu 
f\lc, ten nhan (label) va biSn ... c6 chiSu dai khong qua 30 ky tµ. 

b) Cac lol;li biSn : Trong ASPECT c6 cac lol;li biSn sau : 

+ BiSn h~ th6ng: BiSn h~ th6ng la cac bi@n "chi d9c" (readuonly) ma 
ASPECT va Procomm Plus c6 th@ fin djnh cac gia tri d~c bi~t. Vi dv : chung ta 
khong th@ thay d6i gia tri cua biSn h~ th6ng $ROW ma n6 luon luon b&ng vi tri 
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dong hi~n t~i cua con tro tren man hinh, ta chi c6 thS d9c gia tri cua n6 bit ky nai 
nao trong chuang trinh va xu ly khi dn thiSt. BiSn h~ th6ng luon c6 diu $ a dfiu. 

+ BiSn do nguai dung dinh nghla , c6 hai lo~i : 

* BiSn toan c1,1c (Global variables) : BiSn toan c1,1c c6 thS duc;rc dinh nghla 6 
bit ky nai nao trong chuang trinh nhung phai 6 ben ngoai cac kh6i Thu t1,1c va 
Ham. Ph6 biSn , cac biSn toan c1,1c thuang duc;rc khai bao a dfiu chuang trinh. Bi@n 
toan c1,1c c6 thS duc;rc tham chiSu dSn tu bit cu ham hay thu tl,lc nao cua chuang 
trinh, NSu m9t thu tl,lc ho~c ham lam thay d6i gia tri cua m9t biSn toan Cl,l.C thi gia 
tri d6 vin duc;rc duy tri cho dSn khi nao c6 m9t l~nh khac lam thay d6i gia tri cua 
n6. 

* BiSn dia phuang (Local variables): Khong gi6ng nhu biSn toan c1,1c, biSn 
dia phuang chi duc;rc tham khao dSn trong ph~m vi cua thu tl,lc va ham ma n6 duc;rc 
dinh nghi'a. Gia tri cua n6 se bi xoa khi ra khoi thu tl,lc va ham d6. Ta c6 th@ d~t ten 
cac biSn dia phuong gi6ng nhau trong cac thu tl,lc va ham khac nhau cua chuang 
trinh, nhung diSu d6 khong c6 nghi'a la gia tri cua biSn duc;rc ghi nh& giua cac thu 
t1,1c ho~c ham khac nhau. 

+ Tham biSn (Parameter variables): 
Bit cu thu tl,lc nao, ngo~i tru chuang trinh chinh (Proc main) dSu c6 th@ khai 

bao ( dinh nghTa) dSn 12 tham biSn. Cac tham biSn tuang tµ nhu cac biSn dia 
phuang, nghi'a la n6 chi duc;rc tham chiSu dSn trong ph~m vi thu tl,lc ho~c ham ma 
n6 duc;rc dinh nghi'a, tuy nhien khac v&i biSn dia phuang, cac tham biSn nh~ cac 
gia tri ban dfiu m9t each tl,r d9ng khi cac thu tl,lc ho~c ham duc;rc g9i, cac gia tri su 
d1,1ng duc;rc cung cip bai cau l~nh g9i. Cac tham biSn phai duc;rc khai bao a dfiu m6i 
thu tl,lc ho~c ham, tru&c bit cu l~nh nao ho~c cac biSn dia phuang. M9t tham biSn 
duc;rc khai bao gi6ng nhu biSn dia phuang. Thu tl,r ma cac tham biSn duc;rc dinh 
nghi'a xac dinh thu tl,r ma chung se duc;rc g9i bai cac thu tl,lc ho~c ham. 

c) Khai bao (dinh nghTa) cac biSn: Tit ca cac lo~i biSn dung trong chuang 
trinh phai duc;rc khai bao (dinh nghi'a) tru&c. NSu cac biSn c6 cung kiSu du li~u, ta 
c6 th@ khai bao tren m9t dong each nhau bai diu phfiy (, ). 

Vi d1,1: 
Integer sokhop, Tong, i = 1 
Float Goe 
Integer A[4][4] 
Trong vi d1,1 tren ta khai bao cac biSn : sokhop, Tong, i la cac biSn nguyen, 

trong d6 biSn i duc;rc gan gia tri ban dfiu la 1. Goe la biSn thµc. A la bi@n mang 
(array) c6 kich thu&c 4x4, cac phfin tu cua mang kiSu nguyen. 

Cach khai bao tham biSn trong thu tl,lc va ham nhu sau: 
param (ki@u du li~u) (ten)[, ten] ... 
Vi d1,1 : param Integer X, Y, Z 

Chuang trinh vi d1,1 : 
; Vi du ve khai bao bien. 
Proc main 

integer A,B,C 
integer Tong 

; Chuang trinh chinh. 
; Khai bao 3 biSn nguyen. 
; T6ng cua 3 s6 (biSn nguyen). 



A=2, B=4, C=8 
Tong= Sum(A,B,C) 
Usermsg" Tong= %d." Tong 

Endproc 
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; Gan gia tri cho cac biSn. 
; G9i ham Sum dS c<}ng cac s6. 
; Cho hi~n t6ng cua cac s6 len man hinh 
; HSt chuong trinh chinh. 

Fune Sum.: Integer ; Binh nghTa ham Sum dS tinh t6ng. 
Param integer X, Y, Z ; Khai bao cac tham biSn ki@u nguyen. 
integer Tong ; Khai bao biSn Tong (biSn dia phuong). 
Tong= X+Y+Z ; T6ng cua 3 s6. 
return Tong ; Tra vS gia tri cua t6ng cua 3 s6. 

Endfunc ; hSt phful dinh nghTa ham 
(Ghi chu : d§u ";" dung dS ghi chu trong chuong trinh, cac n◊i dung sau dfiu 

"; "kh6ng duqc dich). 

3.3. Cftu true cua chll'O'ng trinh 
Cfiu true chuong trinh cua m9t ASPECT script file g§n gi6ng nhu m<}t file 

viSt bing ng6n ngfr Pascal, nghTa la c6 m◊t chuong trinh chinh va cac thu 4tc ho~c 
ham khac. Ch6 khac nhau ca ban la chuong trinh chinh duqc viSt tru&c, chuong 
trinh chinh c6 th@ g9i dSn cac ham ho~c thu 4tc duqc dinh nghia sau d6. 

Trong chuong trinh chinh kh6ng duqc khai bao cac tham biSn. Khi thµc hi~n 
chuong trinh, n6 se lfui hrqt thµc hi~n cac l~nh tir dong dlu tien dSn hSt chuong 
trinh. 

Khi kSt thuc m9t ham ho~c thu 4tc duqc g9i, n6 tµ d<}ng tra vS dong l~nh 
ti Sp theo. Cfiu true chung cua m◊t chuong trinh nhu sau : 

; Dong d!u tien dung ghi chu vS n9i dung chuong trinh, dong nay se th@ hi~n trong 
; h<}p h◊i tho1=1i Compile/Edit dS nguai su d1,mg d€ nh~ biSt vS n◊i dung cua 
chuong ; trinh. 

Proc main ; bit d!u chuong trinh chinh 

(Khai bao biSn) 

(cac cau l~nh th@ hi~n n9i dung chuong trinh) 

Endproc 

Proc (ten thu 4tc) 

(khai bao cac tham bi Sn nSu c6) 

(khai bao cac biSn dia phuong) 

; hSt chuong trinh chinh. 

; Bit d!u m9t thu t\LC 

( cac cau l~nh th@ hi~n n9i dung thu 4Lc) 

Endproc ; hSt m◊t thu 4tc 
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Fune (ten ham) ; Bit diu m9t ham 

(khai bao cac tham bi@n n@u c6) 

(khai bao cac bi@n dia phuong) 

( cac cau l~nh thS hi~n n9i dung cua ham) 

return (bi@n) ; tra gia tri cua bi@n v~ thu tµc g9i 

Endproc ; k@t thuc ham 

3.4. M(>t s6 phep tinh dung trong ASPECT 

ASPECT su d1,mg nhi~u phep tinh s6 h9c va logic khac nhau, du6i day gi&i 
thi~u m9t s6 phep tinh hay dung : 

+, - ' *' I 
>,<,>=,<= 

Phep toan c9ng, tru, nhan, chia. 

Lan hon, nho hon, Ian hon ho~c bing, nho hon ho~c bing. 

Khac v&i != 

II 
NOT && AND 

OR 
++,uu Tang ho~c giam m9t don vi. 

Thµc hi~n m9t di~u ki~n .v.v ... ?: 

Vi d\l 1 : ChoA=2, B=4 

Vi d\l 2: 

Procmain 

A+Buu = 6 : A duqc c9ngv6i B tru&c, va r6i B giam di 1 (B=3). 
A+ uuB = 5 : Tru&c tien B giam di 1, sau d6 c9ng A v&i B. 

integer A~B.C,D 
integer Tong 
A=2,B=4 
C=A+B 
Tong=A+~-B 
D=(tong < C) ? tong : C ; n€u Tong < C th'l D=Tong. neu sai D=C 

Usermsg " D = %d , C = %d" D,:C 
Endproc 

K€t qua D = 5 va C = 6. 

3.5. M{>t s6 tir l~nh trong ASPECT hay dung khi di~u khi~n robot 
Ngon ngfr ASPECT c6 hon 600 tu l~nh, dung v&i nhi~u m\}c dich khac nhau. 

Phfi.n nly chi gi&i thi~u so luqt m9t s6 l~nh hay dung khi l~p trinh di~u khiSn robot. 

Ngucri d9c c6 thS su d\lllg m\lc Help tren menu cua s6 so~n thao dS bi@t 
them chi ti@t. 

* Cac l~nh can ban : 
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call: 
GQi m(it thn tQc hoi,ic ham trr chuang trl:nh chfuh ho~ ta m(,t thu tJJcc 
khacM 
Cdphap: 
Khi gqi m(!lt ham : 
call <ttn> [WITH <danh sach tham bi&l>] l[lNTO <bi€n>] 
Khi g9i m¢t thu n.ic : 
call <t!n> [WITH <danh sach tham bi8n>] 

ttn ; Mn tho tg.c ho~ ham du~c gQL 
Danh sach th.am bien : T~n cic th.am bi8h trong thu ~c hofc ham. 
INTO <bi6n> : Chi dung khi g9i mt'.)t ham, bi€n se chda gia ttj tra 1:µ 
ciiaham. 

case/endcase : 
Cttu l~nh lllfa chQD, dung vfri tit l~nh Switch. 
Cdphap: 
switch <hifn> (string I integer I long) 
case <gia tq so sanh> (string I integer I long) 

[exitswitch] 

[endcase] 
[default] 

endcase 

endsw.itch 
Vtd11,: 
procmain 

integer Alpha= 2 

switch Alpha 
case0 

usermsg ''Alpha= 01
' 

Endcase 
case 1 

usennsg ''Alpha= l 11 

endcase 
case2 

usennsg ''Alpha= 211 

endcase 
endswitch 

,endproc 

; thoat khoi kh61 l~h switch kh0ng 
diGuki~n. 

; th-gc hi$n khi cac trucmg hqp so sanh 
d~u kh6ng dung. 

; gan gia trj, ban d&i cho bifn Alpha=2. 

· fun 01a tri cua bi6n .s6 
' ~& > 

; Tmong hqp bien c6 gia tt'! bdng 0. 
; XuA't Mt qua tr&\ cua sd man hmh. 
; H€t tnrong hqp so sanh thu nhA't 
; tucmg n,t nhu tr&l ... 

; lu6n di kem vdi switch d~ ktt thuc kh6i 1¢nh switch. 



if/ endif': Ou 1~ diiu ki~n. 
Ciphap: 
if <di~u ki~n 1> 

[ elseif <di~u ki~n 2] 

[else] 
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enclif ; klt thuc kh6i 1¢nh if. 
(4nh n:iy gan gifing nhu l~nh if trong Pascal, kh6ng c6 trr then). 

while/endwhile : 
L~p 1'1 m❖t so rau 1~ cho din khi di~u ki~n ki~m tra la sai. 

proc main 
integer SoLanLap = 0 ; Bi€n nguy~n dung~ d&n so Mn~ 

4. Phftn m~m mo phong Robot 

4.1. Ky thu~t mo phong Robot 

J\Io phong la m¢t k.--y thu*t 11i¢,n dgi duqc ap d\mg t:rong nbieu linh Vl!C 

nghien Cfill va s an xuat. 
'"' Khi nghien cw ve dieu kbi~n robot, ta c6 tl~ mvc bi¢n dieu kl1ien tfVC· tiep 

robot ho~c dieu kbien mo phong. Dieu khi~n mo phong fa dung cac :mo hinh tlnh 
toan dqng h9c va d¢ng lVC h9c cua robot ket h9p v6i cac phuong phap do ho~ t:ren 
1nav vi tlnh de mo ta v"e ke'.t cau va hoat dong cua canh tav robot. 

" Ng11ien elm ve 1116 phong ho~t d¢1{g cua robot tren may tlnh giup cho cac 
:nna thiet ke nhanh ch6ng llJ"a ch<;m ct119·c phuoug an hrnh - cl9ng h9c cua robot, c6 
the ~m tra kha nang ho~t d¢ng cua robot tren man hlnl~ kitin1 tra S\tphoi h9P cua 
robot vol cac tl1iet bi khac trong dav chuven. Dieu IIa.\r rat co v nghia t:rong oua. trlnh 

~ .._., .. ... . •' ,r.' 4-! I-.· 3L 

tlliet ke chetao robot moihoac botrf dav clmven satixu[t. 
Qua 1110 phong ngl!Oi ·uuet ke co·-~ lanh gia tuong d6i d.iy du kb:i nang lam 

vi¢c ctla ph1mng fill tbiet k:e nia kh6ng d.n che thir. No cung dugc xem la phuong 
ti~n dm tho~i, hi¢u chmh tbiet ke tl1eo ye.u c.iu eta d~g cua ngrrOi sir dllJ!lg. 

Phuong phap l~p trlnh mo phong cfu1g giup ngU'Oi tbiet ke chqn duqc quf 
d~o cong ngh~ h9P 15; cua robot trong qua trluh lam vi~c v6i m◊t doi tu9ng C'9- tM 
hay phm hqp vdi cac tbiet bt, khac trong m9t c ong do ;µ1 s an xuit drr9c tV c1¢ng hoa. 

Hi~n nay co nllieu ph:111 mem cong nghi¢,p va cac p11all ~m nghien cuu 
knac nhau & mo phong robot, ph~ vi 1'.i!1g d\mg va.' gia thauh cua chung ci1ng khac 
nhau. Ci day chung ta nghien cuu phuong phap mo phong robot dong phfu:i 1nen1 
EA.SY-ROB. 

4.2. Gi6i thi~u phftn m~m EASY_ROB 

£'-\SY-ROB la cong C\l m6 phong robot su d1µ1g d,6 ho~ trong khong gian 3 
cbieu (3D) va cac lnnh an11 co tl1e hoat done duoc. I\:Iot he th&ie 3D-C4...D don eiati ... ~ ,. ~ ._. ., ~ .. \.... ,_; 

cho phep t~o ra c ac khoi hinh h9c co· ban nhu khoi tr\½ khoi ca'.u~ khoi chit ~t k:hoi 
tam 1:dac ... dive ket cau cua robot. Trom::1 E;\SY-ROB chUilE ta co th~ dung chuot 

!..,.; .__, 1-.· .__., • 

de quay ho?C tjnh tien robot den rnqt to:gt d¢ tajr y. E.4..SY-ROB cung c6 cac chut 
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nang ph6ng to, thu nho doi ruqng ve nhu nhieu plla.n mem tlri.et k€ khac .. ~ Cnuong 
trlnh cho phep tb.iet k€ cac robot den 12 b~c U, do. Omyen d(mg cua Robot c6 tlJe 
duot dieu kbien theo cac bien kllf"l1 hoac cac toa do Dttcat. Chu11e ta cune co th~ ,.. ....... l:' -¥ ., ~ ...... .._., 

n10 ta ~ng hqc cua robot theo kiiu DH hoJc trong 11¢, to~ d9 toan eve (Universal 
Coord:inate.sl. Easv-Rob da co san cac trlnh c1ieu khien dong hoc thuan. va mmac cua 
c.ac cau hinh robot thong ~mg, kbi tbiet k:eta cm can khai'"'bao kieu.dqng h9c thich 
h9P. Trong tnrong h9P robot co ket c.fu d~c bi~t ho~c co cac khau bi d9ng gAn v6i 
cac chuyen dqng cua cac khop tl1l c&l phai giai bai toan d~ng hqc ngugc ho~c xac 
dµm ha.in toan l19c mo ta s-g phlJ thuqc oua k:hau bt ~ng dffi v6'i khop quay, vier 
chuo·n:g tdnh xac dilm su phu tlmoc do bang ngon neu C va s au d6 dUng tap tin 
J\1.tHCE.EXE trong C de cllt:ch tb.atlh t@ tin thu vi¢n lie;1 ket d¢ng er_kin.dll (Easy
Rob kinematic Dynamic link librarv). k11i chav chuone trinh, E\.SY-ROB s,e lien 

"' ... ~ .. ~ ... t,,,.;. ,. 

ket voi t~p tin my va th:gc bi~n kieu ~ng hqc d.a dugc khai bao trong chuong td.nh 
dieu kbien. 

Easv-ROB co mot so cac lenb d.i~ukbien riene, 01uone trinh c!UO'c viet theo 
kieu XU'. ly "'ru.an TI!i t~p tin d.~g Text, co th€ so~ tltlo chUO'I;g trlnh tr~ng bit :iq--:, 
trhm so~ thao nao. Cac cong c11.1 gin tren khau cb:Ap hanh cuoi co tlIB tl:Iay d6i d:ugc. 
C1lung ta co the viet mqt chuong tdnh chuy,e.n dqng cho n1qt robot theo mqt quy- ~o 
mong muon, co the kiem tra kha nang VUOll t6i cu.a canh tay, xac dµJh vung lam vi~c 
cu.a robot ... ·Robot mo phong co~ cfunnamho~c tba cacd.oi tuqng lam vi~. Cac 
chuyen d(mg cua robot co the gbi vao m9t t~p tin va co the thl.JC hi¢n l:~. 

Pll:An mem cho phep ta xem duqt cac h~- to~ d◊ da gan tren cac khau cua 
robot, xem dugc guy d~o chuyen d9ng cua. diem cum cong C\l gan tren kbAu chap 
hanh cuoi. PMn me1n con co nhieu ti¢n fell khac nhu : cho phep ta l~p trlnh dieu 
khien robot bang phuoug phap dq.y hqc, fuiet ke ,cac doi tugng lam vi~c cua robot, co 
cac dra s6 ve to~ d¢ va gia tri goc quay cua cac khop trµ tung thoi diem kbi robot 
ho~td¢ng ... 

Vi~c strdVng phiin1nem E~SY-ROB de nm phong robot gtl'.ip chting ta hai 
klia nang n~hiencuu ·: 

;./ J\'Io phong 1~ mqt robot da co va cac doi ruqng lam '\'l~C cua no. Danh gia 
kha nan.g Hun viec va mrrc do fulh hoat cua robot. xac dinh cac thong so dieu khien., 
qtl'\' dao '-'chuven ctone d~ dung trong dieu k:hi~n thuc. . '-' . 

• · b/ Nk11ien 'cJu tl1iet ke doii'e hoc. cac kfci1 tlnroc va ket can cu.a robot tren 
. o_; ~ \-.• •.. 

may tfuh de co tli. chqn dl19'c phUong an d:¢ng hqc tot nbat, dam bao cllo robot lloan 
thanb. cac nl1i~n1 vi.;t yeu ciiu. 

4.3. Tim hi~u man hinh EASY ROB 

a- ltfenu chinh : 
J\'Ienu cbfnh cu.a pl:i.fu mem E;:\SY-ROB cung cap cac nqi dung hoq-.t dqng 

khac nhau cua p:Mn mem. Bwc dau lmn que11. ta can quan tam cac J\1enu sau .: 
Jvlenu Fil.E : Xir K0 cac tac v11 trenFile. Trone Ea.sv-Rob c6 nhieu loai f'lle -- " . "--' .,,, " 

dugc qui dµ:m boi pluin mo· n)ng (duoi cua File)~ vr dlJ : 

File co d.q.ng *.Cel : (Ce·Mile) ~ mo ta ket cau Robot, cong c1:1 Iam vi¢c 
va d6i ruqug lam vi¢c cua robot. D c1y fa 11191 File tong h9P, bao g on1 ca chuong trlnh 
dung d€ di~u kbiJn robot. 
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File co dislng * Rob tRobotfile) d~ mo ta riene ket c:fo cua m.ot robot. 
File co d~ng * .Bod · (Hodyfile). de mo ta cac doi tu9ng lam vi~c cua 
robot. 
File co. danc * .To 1 .,, C (Toolfile) de mo ta cong C\l gan tren khau chap 
lianh cum cua robot. 
File co ~ng *.Vie : (Vie¥-'file) dexac di11h goc nhlntrong khong gfan. 
File co d~ng *.igp (Igrip Partfile) luu trrrmqt b~ p1$1 ket ca'.u. 
Ftle co d~ng * .Prg : (Progra:mn1) Chuong trlnh dieu khien. 

1vlenu Robotics : Dung de- nl~p cac thong so Dli xac <i!nh vt trf cua d1µ1g 
cu. xac dfoh vi trf robot va cac thong so khac. 

~ . ~ .. .__ 

lvlenu 3D-CW : Cune cap cac cone cu de ve ket dfo robot trone khone 
eian 3 cbieu (3D) cung :nlnr dl thiet ke cac c{me cu. cac dffi tuone lam vie~. De '~ 
duc;,t ket Cilli ~ua "ro ho£' d-ga vao cac khoi hinh h9c don gian ta c6 th,e l~p ghep chung 
lai de tao nen cac hinh dang khac nhau cu.a robot 

" " ,_ 

b- Cac thanh cong Clf.; 

Oic nut tren thanh cone cu d.tu1e di thuc hien cac tllao tac nhtr cua menu 
-i_. ~ '-' • .. 

chfnh (ma khong c.in vao menu) . Sir d\lllg cac nut tren thanh cong c1-;1 cho phep ta 
thao tac nhanh hon la l)lili vao menu chfnh Chuc nang cua cac nut cl1fnh tren thanh 
cong ci;umu sau: 

Thanh c{mg qt nifm nI,l'ftng phfa trtn~ tfnh tit trai sang pluil: 
L B~t tat che d¢ chieu sang cac dm ru:qng ve. 
2. C111iyen tat ca cac doi tuqng sang d,~ng lu6i. 
3. Chuyen dol tlt911g d~ng tr1-;1/ khoi phac tq.p. 
5 .. TI-i hi¢n/kh6ng the 1:li~n s a.tl. 
6. TM lli~n s an 6 dg11g ltr6i. 
7. Reset vi. trf robot tren man llinh. 
8. Omye:n doi cira so k:hi m6' Cellfile ho~c igip partfile (ket 
9. Chav chuone trlnh. ,..,., w 

10. T,µn dtrng chuong trinh. 
11. Tiep DJ-C cl~y chuong trinh. 
12, Ket thuc chuong trlnh. 
13. Chav chuone trlnh theo ttrne buoc. 

"'J ._ ~ 

14. 4P l?f chuong tri:nh sau k:hi ket thuc. 
15. 16. Gifun va tang toe do dieu khien. 

~ . 
17. Danh eia sai so va xem cac eia tri done hoc . 

.j_, '-" -. ' .._ • 

Thanh ctmg C{l neon ngang phfa tht6i~ tfnh tit trfii sang ph 
1. Thay ho~c khong thay ket c.fu robot. 
2. TI1av ho ac khone thav dune cu. 

r" " . ._,. _,:" • . ._. II 

3. Thay ho ac khone thav cac dm tuone lam viec. 
,... "' \,,,,,' a!" ..- ._, .. 

4. Th~ hiervkhone the llien he toa do ean v6i dung cu. 
5. Th~ ruin/khon~ the lli~n he to a db ~illl tren c·ac'-kh~u cua l .. ._, ' .. "' . ._., 

6. Th~ bi¢n vj_ tri cfit~u khi€n. 
7. Ido phong dqng l:gc hQC. 
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- - . 

8. The hi~n quI d~o chuyen d9ng. 
9 S, .-:h,n .... - ---h ., kh-. u uiµ15 cac g10'1 ~n cua ,.. 011. 

10. Soan thao chuone t:1.inh va dav hoc .. 
12. ~ men lloac khfine the rueii H~ toa do ·e~n tren ctoi moue hien thaL ,. :,, ._, .. ~ ~ .. ._, ,. .. ._, .. 
13. Q1uyen den d6i nr911g tiep theo (khi tlnet ke}. 
14. Xac dinh vi trf tuvet doi cua dmtrrooe bien tai. 
15. Xac ~nh vi trf t11011g doi c ua doi trr9ri'g bi~n t;~d. 
16. Reset vj trf cua doi tugng bi~n t~L 
17. Ghi lai vi trf cua doi uro1ie sau khi dieu chinh. ,. ... .. ._, 

18. Dua robot ve vi trf dung (Home position). 
19. Dieu khien robot theo kh6p quay .. 
Thanh cong C{t tJui:ng dt'mg (Thao tac biing elm(>(} , tfnh tlt u-en xu ong: 
1. Dung clluot de Vie\V, zoom va Pan. 
2.3. Di~u kbien hU6ng cua khau chip llanll cuoi bang chuqt. 
4. Dieu khi~n cac kh6p 1.2,3 (Dilng cac phfm clm¢t). 
5. Di cl1U)ren tMn robot. (h.¢ tO? d¢ CO' s d) 
6. Di chuyen cac do'i tl!Qllg (body} bang chuqt. 
7. Di clmv en tat ca cac doi nrone bane chuot. 
9; Omyeii cldi chuyen 0911g 1i quay ho~c 1in11 tien (Dung khi hi¢u clunh ctoi 

tu911g ve}. 
11.12. Tang eiam toe do dieu lrnittl bane chuot . 

.._. \-' t . "-" • 

4.4. Thao tac chuot 
EasyuRob cho phep dung chu9t v6i nhiSu chuc nang nhu 

Khi nut l¢nh s6' 1 cua thanh cbng ql th&ng dii:ng due'C chqn : 
zoom (Phong to, thu nho) :. an nut cl1u9t pllai, re chuqt len xuong theo 

phuong tlifuig dung cua man hitli1. 
Pan (thav d6i v:i trf cua doi tUOlle so voi khunf? man hinh) : in done tho'i 

·~ ,.,. ~ .. .._,. ......., A ~• 

hai nut chu9t phai va tr~ re chu9t tren man hinh. 
Rotate (quay robot de n.bm cl cac goc d.Q khac 1mau} : !n chu¢t tr3.4 re- chu()t. 

Khi ma lefnh s6 4 cua thanh cbng Cl;l thcing dzmg duqc ch9n : 
Quay kh6p 1: an nm chu9t phai, re ch~t (neu la kh6p tfnh tien se. lam khau 

chuyen d9ng tjnh tienJ. 
Quay kh6p 2: rui dong t11oi 2 nut chu9t pltli va tr~ re chu9t. 
Quay khop 3: ai1 nut chuqt tr~ re chm)t. 

4.5. Giin h~ tqa d{> 

JMuo1:1 xac dµih 1~ toisl d¢ cua robot truoc het phai thl.Jc bi~n b~ng tay cac 
cong vi~-c sau: 

Ve sO' do d◊ng robot b vi trf dtrng, gan h$ to~ dg cua cac klmu le11 hinh v"e
tren gi:iy, xac cijnl1 cac t11ong so DH. 

Cac bUO'C ti~p theo : 
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1- Bat nut lenh scf 5 tren menu neane. duct . . ~ ~· 

2- Vao menu chfnh: FILE-> LOAD-> ROBOTFIIB ch9n DHTempl-> 
OPEN. 

3- Va.o menu chfnh: ROBOTICS-> ROBOTI\IOTION + KINElvL'-\ TICS-> 
KINE."lvL:\.TICS DATA. 

4- Ch,;:mActive Join-> Ok-> Activ Joint (1) RZ (ho~c chqn 1Z neula kh6p 
tinh tien) -> 0 k -> N1}$p cac thong s 6 DH cua khau thrr nMt. 

5- Chc;mQuit -> Ok. 
Vao l;µ buoc 4 -> Number Active Joint(l) -> Ok-> an dup chu9t vao v¢t 

xanh ho~c dua con tro vao plrln n1J4p duli¢u (text box) an 2 (Bay gia sokhau d¢ng 
la 2) 1 nh~p cac th6ng so' DH cho kha.u s 6 2 ... 

Lam tuong ~t cho den khi du so kh6p yt:u cau. 
Ta co t11e kiem tra cac s6 lieu da nhap bang each ldch chu6t vao menu: . "' "- . 

ROBOTICS -> ROBOTIVIOTION + KINRIL\TICS -> KINflv1.\TICS DATA-> 
Kll\1EJ\.1.'-\.TIC INFO:tvl'-\.TION d~ xen11;µ so kl-mu, kh6'p va. cac thong so DH. Neu 
vao du li~u s ai ta c 6 tl~ hi¢u chinh l~L 

D~ tM hi¢n h¢ to? d¢ cua robot tren man hinh (~ to~ a¢ mau vang), nho 
kich chu9t vao nut s 6 5 cu.a thanh cong Cl;l ninn ng ang phfa dtr6i. 

4.6. Ve hinh dang Robot 

Sau khi hoan thanh vi¢c gan h~ to? a¢ cu.a robot, buo·c tiep theo lave 11inh 
dang cua n6. Hinh dang cua robot co tl-ie 0119'.c 1110 phong gi6ng nhu robot thVC nho 
cong cv 3D C'-\.D cu.a Easy Rob. :tvfenu 3D-CAD cho phep t?o ra cac khoi hlnh h9c 
ccr ban nhuk11ol tr\4 khoi ca'.u, khoi chft nl~t. khoi tam giac ... Sgpboi h9p h9P l}" v~ 
kich t11uoc va vi, trf cua cac k11oi llinh h9c niy cho phep the hi¢n dUQt cac ket c[u 
khac nhau cua robot. 

Cac menu keo xuong cua :tv1enu 3D-.._. 

C~D 11h11 binh 6.2 mot s 6 cac ch(ic nang 
. ' .. -~ 

lation Tool 

.. ..c.J chfnh nhu s au : 
I !J 
.. + Sele ct group : Chc;m nhom d.oi tu9ng de M:r= tbiet ke : 1/Ro bot group, ZtTool group 

§rab/A hay 3/Body group. 
Qom: + Select body frorn group : Chc;m cac b() 
.El.end~ ph~ cu.a robot da ve (theo ten d~t tru6'c) 
Q:ilor cua nh6n1 ch9n m¢n hanh. 
li,am +G'eate/Irnport 11.e,v 3D body : T?O 1n6i 
Qear hoij.c Ilh?P 1rn)t b◊ phru .. 1 da co s:h1. Ofu 

. _Posit' nha. p cac thong. s 6' can t11iet de ta. o ra d6i ,, . 30CADC __ , 
!;!elrt Body in ·•• tu911g 1nong 1nuru1. 

~----'---'-----,,-~~-'---'---'--·'--" + JVIodifv seL Bodv set Jnt icL"'{ : -Hieu 

Hinh 62: lvlenu 3D-(,'AD 

chinh ca~ thu¢c tftlh- cua b¢ ph~n hi$n 
h:anh. 
+ Gone : Copy bQ pl1~.n dang ve thanh 
nhi~uhinh. 
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+ Render: Bi~u tugng , d6i tugng a d~ng lum ,d ~mg hop, .. 

+ Color : Thay df>i mau sic. 

+ Name : Thay df>i ten b9 ph~n dang ve, 
+ Clear : Xoa d6i tugng (b9 ph~n) hi~n hanh. 

+Position's: Thay df>i vi tri cua d6i tugng(b9 ph~n) hi~n hanh. 

+ 3D CAD Coorsys Visibility : Cho hi~n hoijc An h~ t9a d9 cua d6i tugng ve. 
+ Next Body in group : Ch<;m d6i tugng ve tiSp theo. 

Dtmg menu 3D Ct\.D ta Ia;n 11191 ve tit ca cac khau cua robot, c6 ~- dung 
cac mau sac khac nhau de tlk! hi¢nhinh dang cua robot. Luu y trong qua trlnh "\i'.\e1 

neu ve sai pllfil dung n1vc CI.EAR d~ xoa di ho~c dung mvc J\tIODIFY CEL & hi~u 
chinh. NI6i d:oi tU(?llg ve phai gan v6i mQt khau nhat di-~ du9'C kbai bao trong m11;1c 
SET JOINT INDEX. 

Co . th~ di.mg thanh cong C\l ~ng dung pl11a phai d~ thay doi vi trf cua cac 
doi tl1911g ve cho thich hqp. 

4.7. Lip trinh di~u khi~n Robot mo phong 

De l~p trlnh dieu khi~11 robot aa mo phong ta dtrng phmmg phap l~p trtnh 
kieu ct.av hoc. Sau khi da thiet ke blnh dang robot cong cu gan tr,en kbil.u cMp harlh 
cuoi. cic dffi ttrollg lam viec khac ... ta c6 the hip trlrth dldi~u khien robot rn mo 
phong. Vi~c l~p ·trln11 thlJC bi,~n theo trltlh DJ' sau day : 

Nhip chrn)t vao nut l~nh s610 (Show progran1 window) d~ kfch ho~t cua so 
l~p trlnh nhu hinh 6.3 : 

Hinh 6.3 : Cfra sd l,j.p 1r'lnh. 

Chon New de dat ten cho File chuO'lm trlnh. 
~ . ~ 

Ch(;m A.ppend neu mu6i1 bd sung mqt chuong trlnh da c 6 tren dfa. 

Xac cij.nh v1. Tii cac diem nia dl}I1g cq. phai di qua ( dung chu9t ·di! dieu khien 
cac kh6p, diIDg menu dung). err sau m6il.inxac dj.m1 duqc m¢t vi trf thl ah nut P'IP 
(dieu khien diem) hO?C UN (d:ieu khien.duong) ho~c VL\ (diem trung gian din 
hu6ng kbi dieu km.en ducYng cong)1 ORC (dieu khien theo dtrollg cong) .. Lln1 lien 
fVc cho tat ca cac diem d~ co mqt chuong trlnh hoan thi¢n. 

Sau khi ket thlk viec dav robot hoc. an nut Oose tren Proeram \Vindo,,v de 
ket thuc. De hi¢u clnnh v~ b6 ";ung cac 1¢~1 dieu khi~n khac vao""'chuong trlnl\ a:n 
chrn)t vao mit EDIT1 Dung cac ~-1l11 cua EasyRob nhu du6'i ctay d~ hoan thi$n 
chuong trlnh. 
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ERPL - EASY-ROB-Progrmn Language 

Glu cltu: 
- Don vi chieu dai la :Niet [n1]1 Goe la d9 [deg] ho~c [%] 
- Don vi cua toe do la [rn/s] 
- Vi. tri ~,a huat1g cfra h~ t9a d9 gan trenkttlu chap hanh cuol duqt xac dµm gom: 
Xt Y vaZ : chi t9a d¢ vi,~ A, B va c chi goc huong. 
Huo·ng cua khau chap hanh cuoi xac dinh theo cac goc ABC Ia: 
Rot (A,B.C) = Rot(X~.\.) * Rot(Y,B) * Rot(Z~C) 

Cau true chung cua chuong trmh~ ~to ta cu phap m()t so 1¢nh hay dung : 
PROGRA.!vIFIIE : Bat dauchuone trlnh ... 
ENDPROGRAJ\:fFilE or END : Ket thuc cl1uong rrl.nh. 
CAIL fct name : Goi mot harn co ten fct namen, da d11o·c dinh nelna trone chuo11e - ~ . - ,.,;,. .. .. ...... .._,_, ,._, 

trirlh. 
CALL FILE file:name : G9i m◊t File chuong trl.nh co ten filename. File- phai co cung 
cau true nhu chuo'ng trl.nh cl1in11. 
FCT fct_nan1e() : BAt diu Dinh nghia m¢t ham co ten fct_name(). 
ENDFCT : Ket thuc dinh nghia m9t function. 
~ Cac ghi chu trong chuo'!ie trlnh . 

..,_;. '-' ._., 

TOOLX YZ ABC [mdeg];: Di,nh 19a d9 diem cum cua clyng so so v6ikhau chap 
hanhcu6L 
PTP X Y Z AB C [in.deg] : Di chuyen robot den diem n16i (t9a c19 tuy~t dffi}. Dieu 
khien die.m. 
P1P _REL dX.dY dZ d.A. dB dC [rn,degJ : Di chuyen robot den diem m6i (t9a d¢ 
ruong dm). Dieu khien dietn. 
LINXY Z.A BC [m.deg]: Dichuyenrobot den•diemn16i (t9a d9 tuy~t doi). Dieu 
k11ien duone . ._, 

LIN_REL dX dY dZ d.\ dB dC [ni.deg] : Di chuyen robot den diem mdi: (t9a d¢ 
tuone doiL Dieu khien di.rone. 

~ • w 

CIRCX YZ ABC [X2 Y2Z2] [mdeg]: Di chU)'enrob-ot de't1diemm6i (t9a d9 
tuvet doi:i. Dien khien ciuong cone. 

a{., - .._, ._, 

[X2 Y2 Z2J - Diem trung gian (3 diem cie xac di,nh m9t cung tron). 
CIRC_REL dX dY dZ clA dB dC [dX2 dY2 clZ2] [ni.cleg] : Di chll)'en robot den 
diem moi (toa do tuo11g dot). Dieu khi~n duone cone. .... .. ~ -..,.. - ~' ._,, 

\V.-UTx [sec] : Robot dang ho~t d9ng trong x giily. 
ERC 1RA.CK ON,OFF: TI~ 11i~nho~c khong the hi~nquj' d~o chuyen d¢ng. 
ERC LOAD TOOL filename : G9i m¢t Tool f:tle (* .to I) 
ERC LOAD Vlffi\r ftlenarne : G9i mqt Vie,v file (* ;vie) 
ERC LOAD ROBOT filename Loads a Robot Ille (*.rob) 
ERC LOAD BODY filename Loads a Bodv file (*.bod) . ' " 

ERC LOAD TAGS ftlenanie Loads a Tae file (*.tae·l 
ERC GRAB BODY 'bo~'natne': Di.µ1g 'ci;icfu1l.l3~1rn}t v~t tl~ (b-o~,) co ten 
Boclynanie. 
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ERC GRiill BODY _GRP : D,;mg c:i;t. cam liy m9t nhom v~t the (Body_ Grp). 
ERC RElE;;\SEBODY 0bodyname' : D1:1ng ClJ. tlla (buong) mqt v~t the (body) co 
tenBodvname. 
ERC RElE;;\SEBODY_GRP Di;mg c:g. tha (buong) m◊t nhom V$t thi (Bocly_Grp). 
ERC ROBOT_BASEA"'YZ ABC [m,deg] : Di chuy,en goc t9a dg co ban cua robot 
den vi hi m6'i. 
v.v ... 

Con rat nlJieu cac 1¢nh khac cua Easy-Rob, co tllt tham khao tren \Vebs ite: 
http :/Avv,lV>l. easy-rob.com. 
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BAIT4PON 

Cho robot Stanford nhu hinh 1 Q(Sm 2 khoo ... " 
oua.\ 7 Vil 1 khm:i tinh tien. Hav xac dinh: ""l .. ,i,I. .. ,... 5 

• S6 b(ic n.r do cua robot 
• Cac kha narnz xoay. tinh ti~n nao tromr 

h? c6 dinh OXYZ? · ... 

Bai 2: 
Cho robot Elbow nhu hinh 2 vm 6 kh&p :may. 
Hay xac cqnh: 

• So b~c n_rdo cit.a robot 
, ' 

• Cac kha na11Q xoav. tinh tien nao trnn2 he co dinh OXYZ ? 
,._., .. .., • ~ :I •• 

Hinh2 

Bai 3: 
Ve scr d6 m9t robot (v&i du hinh t6i thi~u) ma khau tac d~,ng cu6i (End-effector) co kha 
nang tµih tien theo phmmg Yt tinh ti~n theo phucmg Zi va xoay quanh phucmg X. 
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Bai 

Cho diem P biBu di~n bcri vectO' AP= [2 4 1f, 

Tinh ti~n d:iBm P theo vectct h = [1 2 1 Jrf sau do 
cho diem P ,,uanh tn1c X cu.a he toa do {AJ mot :!Ioc 

'"'1. " .. ·• " '\ ~· .• .;,.... 

90 c: X"' . .::1r .. ,..1-. ~ · b~ ;. d;~-;. .. · "'. d-.. ~ P · " • · . "'' ac u:p:u1 vec-tcr 1.eu • 1en V! tn 1em • sau .;;., 
bu&c djch chuy6n. 

Bai 5: 

z 

y 

Hlnh3 

Cho m9t kh6i l~p phuong trong h? t9a 09 OXYZ c~ din~ nhu hinh_ 3. Kh6i nay duqc 
quay quanh tri,1c OB m9t goc 90°. Xac djnh vec-tO' bieu dien vi tri diem A (mot dinh ci'l.a 
k:h6i l~p phuong) sau khi thgc hi~n phep quay. ·· 

Bai 6: 
-., .. ff.. , ;_., '"" "' . .,., . ~ Y. J;, ~ . . "· . _.. ~ ,;:; ' . }., ~ ·""'· Cho m9t khor I~p phuong trong ht; tQa d9 OX'\: Z co dwh nhu lunh 3. T1nh t1en khm l?:p 

plnrang theo vec-ta h = [1' 1 l r sau do quay kh6i l~p p~ang quanh h\IC oz m{it goc 
90° (Iuu -l·: hu6n2 cua khoi Iap plru:0112 cung se bi thav d6i khi n:uav'). Xac din11 vec-tct ... .;,r ...... ,. ....... -- "' ... -i ... 

bi~u difu vi trf di6m A (mgt dinh ciia kh6i l?p phucmg) sau khi th:gc hi?n 2 phep bi6n d6i. 

Bar 7: 
Cho ll1Qt k:h6i l? p phucmg trong hf t9a d9 OXYZ c6 djnh nhu hinh 3. Quay kh6i l?p 
phuang quanh tn,ic oz m9t g6c 90° sau do quay tiEp q_uanh rn,1c ox m9t goc -90°. Xac 
din~ v~~-tcr :;.~iJu dien vi ni di€m A (m9t dfah cu.a kh6i l?p phrtang) sau khi th\tc hi~n 2 
phep b1en d61. 

Bai 8: 
Cho ll1Qt kh6i lcyp phucmg trong h~ t9a d9 OXYZ c6 djnh nlnr hinh 3. Quay kh6i l?p 
phuang quanh tn,ic OZ m9t g6c 451 sau do quay tiEp quanh vec-tcr AB (la 1 c~ cu.a kh6i 
lap nm.rcme') mot goc -90'0• Xac dinh vec-ta bi6u di&! vi tri diem C (mo.~t d1nh ciia kh6i Ian 

• ,;j;, -· .. - .. .. ,, • "'.is. 

phm:mg) sau khi th:gc hi~n 2 phep biJn d6i. 

Bai 9: 
Cho m{jt khdi l?p pm.rcmg trong h~ t9a d? {R: O-XYZ} ?6 d11;h nhu hinh 3. Quay kh6i 
1., ,__ --"- OX ··· . ·1 -u ,.;f• ·.i.- .• k:h•.• 1·· 1... h . ~p p,uucmg qutll!11 trl)c _,. n19t goc -4:::l sau uCi tµ111 nen ,., 01 ~p purang t eo vec-tcr 

Rh= [1 0 4J . Xac dµ1h vec-tO' bi~u diBn vi tri di€m A (m9t dinh ciila kh6i l?p 

Phuon2:) sau k:hi thuc hien 2 phep biEn d6i. 
-",.,',! • .. 

Bai 10: 
Jvf9t diem P = [3 5 7f trong h~ t9a d9 tham chi6u. Sau do dich chuy&i di§m P m9t 
khoang each d = [2 3 4Jr Xac dinh vi tri m&i cua di.Em P tmng h~ t9a d9 tham chi6u.. 
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TAJ LI¢U THAM KHA.o 

* Robot cong nghi~p - GSTSKH NguySn Thi~n phuc. NXBKH va ky thu~t 2006 

* Tay may - nguai may cong nghi~p - NguySn Thi~n phuc. NXBKH va ky thu~t 
1983 

* Di~n tu cong nghi~p - NguySn tful Phu&c - NXBKH va ky thu~t 2003 

* Cam biSn va ung d\lllg - Duong minh Tri, NXB tre 2006 

* Ca di~n tu - Trfin thS san, Trfin Khanh Thanh. NXBKHKT. 2006 

* Tai li~u cong nghi~p robot - TS Ph~m Dang Phu&c 


