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Loi mé dau

C6 thé ndi ring Robot mang téi cho cudc séng con ngudi mot cudc sbng méi, mot
cach trai nghiém cudc sdng va ddi khi con 1a ngudi ban. Nhitng hdng Robot(RB) tir cac
nuéc ndi tiéng trén thé gisi tir Pac, Nhat ban, Nga, My ngay mot khang dinh sy hién dién
cua RB la phan khong thiéu trong cudc song hién nay va twong lai cia phia truéc. N6
Xuat hién & tat ca cac linh vuc tir khoa hoc vi mé cho t&i vi md va ngay mét da dang.

Trong khudn khoé mén hoc Tinh toan thiét ké Robot vai dé tai tai thiét ké Robot han
dwong cong trén mat phang vdi kich thude cho trudc, nhom tin twdng rang véi nhitng két
qua ¢ duoc tir viéc tim hiéu va tinh toan trong bai tiéu luan nay s& 1a budc dém quan
trong cho viéc phat trién nhiéu hon nita nhitng y tudng trong tuwong lai vé tinh toan va
thiét ké cac loai Robot cong nghiép.

Véi b6 cuc gom hai phan chinh :
1. Tong quan vé Robot

Phan nay sé& 14 cai nhin so qua vé Robot bao gom lich sir phat trién, phan loai va tng
dung hién nay giup ching ta hinh dung tinh quan trong cting nhu sy hiru dung cua no toi
cudc song.

2. Tinh toan thiét ké Robot han hé quang

Bao gdm cac budc thiét ké cho dén viéc md phong dé kiém chang tinh dung din cua
qua trinh thiét ké sé cung cap cac qua trinh co ban dé cd thé xac dinh cach cé thé mot san
pham Robot dugc dua vao trng dung trong cugc song.

Nhom xin giri 101 cam on t6i PGS. TS. Phan Bui Khoi, cam on Thay vi nhiing dong
g6p qua nhitng bai giang va nhitng huéng dan trong qua trinh trao d6i & cac budi hoc.
Nhitng gop Y, sira chita ciia thay s& phan nao gilp nhom ty tin hon trong cach thirc tiép
can véi nén cong nghiép hién nay bai mic du da c6 nhirng su chuan bi cia nhém hoac
cling c6 thé kién thic nhdm mang dén trong bai tiéu ludn nay con sai sot va chua ding.
Nhom rat mong c6 duoc sy bd sung, sira chita d6, chling em chan thanh cam on va chc
Thay stc khoé !

Nhoém sinh vién
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CHUONG I. TONG QUAN VE ROBOT

1.1. Lich st hinh thanh va phat trién Robot

Thuat ngir “Robot” xuat phét tir tiéng CH Séc (Czech) “Robota” c6 nghia 1a cong
viéc tap dich trong v¢ kich Rossum’s Universal Robots cua Karel Capek, vao nam
1921. Trong vo kich nay, Rossum va con trai ctia 6ng ta di ché tao ra nhitng chiéc may
gan giéng vai con ngudi dé phuc vu con ngu:ol C6 1& d6 1a mot goi ¥ ban dau cho cac
nha séang ché k¥ thuat vé nhitng co cau, may moc bat chudc cac hoat dong co bap cua
con nguoi.

Pau thap ky 60, cong ty My AMF (American Machine and Foundry Company)
quang cdo mot loai may tu dong van nang va goi la “Ngudi may cong nghiép”
(Industrial Robot). Ngay nay nguoi ta dat tén ngudi may cong nghiép (hay robot céng
nghiép) cho nhitng loai thiét bi c6 dang dip va mot vai chirc ning nhu tay ngudi dugc
diéu khién ty dong dé thuc hién mot sb thao tac san xuét.

Vé mat ky thuat, nhitng robot cong nghiép ngay nay, c6 nguon gdc tir hai linh vuc
ky thuat ra doi soém hon do 1a céc co cau diéu khién tir xa (Teleoperators) va cac may
cong cu diéu khién s (NC - Numerically Controlled machine tool).

Céc co cdu diéu khién tir xa (hay cac thiét bj kiéu chu-té) da phat trién manh trong
chién tranh thé gigi 1an thi hai nham nghién ctu céc vat liéu phong xa. Nguoi thao tac
duoc tach biét khoi khu vuc phdng xa bai mot bure tuong cé mot hoac vai cira quan sat
dé c6 the nhin thay dugc cong viéc bén trong. Cac co cau dieu khién tir xa thay thé cho
canh tay cua nguoi thao tac; nd gom c6 mot bo kep ¢ bén trong (t6) va hai tay Cam o
bén ngoai (chu). Ca hai, tay cam va bo kep, duoc néi V& nhau bang mot co cAu S&u
bac tu do dé tao ra cac vi tri va hudng tuy y cua Tay cam va bo kep. Co cau diung dé
diéu khién bo kep theo chuyén dong cua tay cam.

Vao khoang nam 1949, cac may cong cu diéu khién sé ra doi, nham dap tng yéu
cau gia cong cac chi tiét trong nganh ché tao may bay. Nhirng robot dau tién thuc chat
12 su ndi két giita cac khau co khi cua co cau diéu khién tir xa v6i kha nang 1ap trinh
ciia may cong cu diéu khién sd.

Duéi day ching ta s& diém qua mot s6 thoi diém lich sir phat trién cua ngudi may
cdng nghiép. Mot trong nhitng robot cdng nghiép dau tién duoc ché tao 1a robot
Versatran cta cong ty AMF, My. Ciing vao khoang thoi gian ndy & My xuat hién loai
robot Unimate w1900 dugc dung dau tién trong ky nghé 6to.

Tiép theo MY, cac nuéc khac bat dau san xuat robot cdng nghiép: Anh 1967, Thuy
bién va Nhat 1968 theo ban quyén cua My; CHLB buac -1971; Phédp - 1972; ¢ Y -
1973. ..

Nhém Sinh vién thuc hién 6
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Tinh nang lam viéc cua robot ngay cang dwoc nang cao, nhat 1a kha ning nhan biét
va Xt ly. Nam 1967 & truong Dai hoc tong hop Stanford (M) da ché tao ra mau robot
hoat dong theo mo hinh “mat- -tay”, 6 kha nang nhan biét va dinh huéng ban kep theo
vi tri vat kep nho cac cam bién. Nam 1974 Céng ty My Cincinnati dwa ra loai robot
duoc diéu khién bang may vi tinh, goi la robot T3 (The Tomorrow Tool: Céng cu cua
tuong lai). Robot nay c6 thé nang duogc vat c6 khéi luong dén 40 KG.

C6 thé noi, Robot 1a sy té hop kha niang hoat dong linh hoat cua cac co ciu diéu
khién tir xa v6i mirc do “tri thire” ngay cang phong pha ciia hé théng diéu khién theo
chuong trinh s6 ciing nhu k¥ thuat ché tao cac bo cam bién, cong nghé lap trinh va céac
phat trién cua tri khon nhan tao, hé chuyén gia..

Trong nhitng nim sau nay, viéc nang cao tinh ning hoat dong cua robot khéng
nging phat trién. Cac robot duoc trang bi thém cac loai cam bién khac nhau dé nhan
biét moi trudng chung quanh, cling véi nhitng thanh tuu to 16n trong linh vuc Tin hoc -
Pién tir da tao ra cac thé hé robot vai nhiéu tinh nang dic biét, S6 lugng robot ngay
cang gia tang, gia thanh ngay cang giam. Nho vay, robot cong nghiép da co vi tri quan
trong trong cac day chuyén san xuat hién dai.

Mot vai s liéu vé sb luong robot dugc san xuat & mot vai nudc céng nghiép phat
trién nhu sau:

Nwéc SX Niim 1990 Niim 1994 Niim 1998
Nhat 66.118 29.756 67000
M3 4.237 7.634 11000
Piic 5.845 5.125 8.600
Y 2.500 2.408 4000
Phap 1.448 1.197 2000
Anh 510 1086 1500
Han Quoc 1000 1200

My 13 nudc dau tién phat minh ra Robot nhung nuéc phat trién cao nhat trong linh
vuc nghién ciru ché tao sir dung lai 1a Nhat Ban

Nhém Sinh vién thuc hién 7
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1.2. Mot s6 dinh nghia va phan loai Robot cong nghiép
1.2.1. Pinh nghia Robot Cong nghiép

Pinh nghia theo tiéu chuan AFNOR (Phap):Robot cdng nghiép la mot co cu
chuyén dong tu dong co thé 1ap trinh, Iap lai cac chwong trinh, tong hop céac chuong
trinh dat ra trén cac truc toa do; c6 kha nang dinh vi, dinh hudng, di Chuyen cac d6i

tuong vat chat. chi tiét, dao cu, ga lap . . . theo nhiing hanh trinh thay d6i da chuong
trinh hoa nham thuc hién cac nhiém vu c()ng nghé khac nhau.

Dbinh nghia theo RIA (Robot institute of America):Robot la mdt tay may van nang
c6 thé 13p lai cac chuong trinh duoc thiét ké dé di chuyén vat liéu, chi tiét, dung cu
hoic cac thiét bi chuyén dung théng qua cac chuong trinh chuyén dong c6 thé thay doi
dé hoan thanh cac nhiém vu khac nhau.

Dbinh nghia theo GOCT 25686-85 (Nga):Robot cdng nghiép la mot may tu dong,
dugc dit ¢d dinh hoic di dong duoc, lién két gitta mot tay may va mot hé théng diéu
khién theo chuong trinh, c6 thé lap trinh lai dé hoan thanh cac chirc nang van dong va
diéu khién trong qué trinh san xuét.

C6 thé noi Robot cong nghiép la mot may tu dong linh hoat thay thé tung phan
hozc toan bo cac hoat dong co bap va hoat dong tri tué ciia con nguoi trong nhiéu kha
nang thich nghi khac nhau.

Robot céng nghiép c6 kha nang chwong trinh hoa linh hoat trén nhiéu truc chuyén
dong, biéu thi cho s bac tu do cua chiing. Robot cdng nghiép duoc trang bi nhirng ban
tay may hoic cac co cau chap hanh, giai quyét nhitng nhiém vu xac dinh trong cac qua
trinh cong nghé : hoac truc tiép tham gia thuc hién cac nguyén cong (son, han, phun
phu, rét kim loai vao khuén duc, 1ap rap may . . .) hodc phuc vu cac qua trinh cong
nghé (thao lap chi tiét gia codng, dao cu, d6 ga . . .) v6i nhitng thao tac cam nam, van
chuyén va trao d6i cac dbi tuong voi cac tram cong nghé, trong mot hé théng may tu
dong linh hoat, duoc goi 1a “Hé thong tu dong linh hoat robot hoa” cho phép thich ting
nhanh va thao tac don gian khi nhiém vy san xuét thay doi.

1.2.2. Bac tw do cua Robot

Bac tu do 14 s6 kha niang chuyén dong cua mot co cau (Chuyen dong quay hoac tinh
tién). Bé dich Chuyen dugc mot vat thé trong khong gian, co cau Chap hanh cua robot
phai dat dugc mot sb bac tu do. N6i chung co hé cua robot 1a mot co cau ho, do d6 bac
tu do cua nd co thé tinh theo cong thuc:

W=6n—Z5:ipi

i=1
O ddy: n - S6 khau dong; , ,
pi - S0 khép loai i (i =1, 2,...,5: SO bac tu do bi han chg).

Pbi Vi cac co cau co cac khau duoc ndi véi nhau bang khép quay hoic tinh

Nhém Sinh vién thuc hién 8
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bac ty do bang tong sé bac ty do cua cac khép dong.

Dé dinh vi va dinh huéng khau chap hanh cudi mot cach tuy y trong khéng gian 3
chiéu robot can c6 6 bac ty do, trong d6 3 bac tu do dé dinh vi va 3 bac ty do dé dinh
huéng. Mot sé cong viéc don gian nang ha, sap xép... cd thé yéu cau sb bac ty do it
hon. Céc robot han, son... thudng yéu cau 6 bac ty do. Trong mét sé trudng hop can su
khéo 1o, linh hoat hoic khi can phai téi vu hoa quy dao... ngudi ta dung robot véi sb
bac tu do 16n hon 6.

1.2.3. Hé¢ toa do (Coordinate frames)

Mdi robot thudng bao gom nhiéu ,
khau (links) lién két véi nhau qua cac
khop (joints), tao thanh mét xich dong
hoc xuit phat tr mot khau co ban
(base) dung yén. Hé toa do gan voi
khau co ban goi la hé toa d6 co ban
(hay hé toa do chuan). Cac hé toa do
trung gian khac gan véi cac khau dong
goi la hé toa do suy rong. Trong tung
thoi diém hoat dong, cac toa do suy Hinh 1.1. Hé toa do suy rong cua
rong xac dinh cdu hinh cua robot bang Rohot
cac chuyén dich dai hoic cac chuyén
dich goc cua cac khop tinh tién hoic
khop quay. Céac toa do suy rong con
duoc goi 12 bién khép

Nhém Sinh vién thuc hién
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Céc hé toa do gin trén cac khau cua
robot phai tuan theo qui tic ban tay
phai: Dung tay phai, nam hai ngon tay
Ut va ap Ut vao long ban tay, xoé 3
ngon : cai, tro va gitra theo 3 phuong
vubng goc nhau, néu chon ngon céi 1a
phuong va chiéu cua truc z, thi ngon tro
chi phwong, chiéu cua truc X va ngon
giita & biéu thi phwong, chiéu cua truc
y.

Trong robot ta thuong dung chit O
va chi sé n dé chi hé toa d6 gan trén
khau thir n. Nhu vay hé toa do co ban
(Hé toa do gin véi khau cé dinh) s&
duoc ky hiéu 1a Oo; hé toa do gan trén
cac khau trung gian twong tng sé la Oy,
02,..., On-1, Hé toa do gan trén khau
chap hanh cudi ky hiéu 12 On.

-
‘ROBOT
»
Z
x e - s -
+ g f‘v—: O

Hinh 1.2. Quy tdc ban tay phdi

1.2.4. Truong cong tac cua robot (Workspace or Range of motion)

Trudng cdng tac (hay ving l1am viéc, khong gian cong tac) cua robot Ia toan bo thé
tich duoc quét boi khau chap hanh cudi khi robot thuc hién tat ca cac chuyén dong co
thé. Truong cong tac bi rang budc bai cac thong sb hinh hoc caa robot ciing nhu cac
rang budc co hoc cua cac khép; vi du, mot khop quay cé chuyén dong nhé hon mot
g6c 360°. Nguoi ta thuong dung hai hinh chiéu dé mé ta trudng cong tac cia mot robot

(hinh 1.3).

Hinh chiéu dimg

Hinh chiéu bang

Hinh 1.3. Biéu dién khong gian thao tac cia Robot

1.2.5. Cdu triic co ban cua Robot cdng nghiép
1.2.5.1.C4c thanh phan chinh ctia Robot cdng nghiép

MGt robot cong nghiép thuong bao gdm cac thanh phan chinh nhu : canh tay robot,

Nhém Sinh vién thuc hién
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nguon dong lyc, dung cu gan Ién khau chap hanh cuoi, cac cam bien, bo diéu khién ,
thiet bi day hoc, may tinh ... cAc phan mém lap trinh cling nén duoc coi la mot thanh
phan caa hé thong robot.

Cénh tay robot (tay may) 1a két ciu co khi gom céc khau lién két véi nhau bang cac
khop dong dé co thé tao nén nhirng chuyén dong co ban cua robot.

Ngudn dong luc 1a cac dong co dién (mat chiéu hoic dong co budc), cac hé thong
xy lanh khi nén, thuy luc dé tao dong luc cho tay may hoat dong.

Dung cu thao tac dugc gan trén khau cudi cua robot, dung cu cua robot cé thé c6
nhiéu kiéu khac nhau nhu: dang ban tay dé nam bat doi twong hoac cac céng cu lam
viéc nhu mo han, da mai, dau phun son...

Thiét b day-hoc (Teach-Pendant) dung dé day cho robot céc thao téc can thiét theo
yéu cau cua qud trinh lam viéc,? sau do robot tu lap lai cac dong tac da duoc day dé lam
Viéc (phuong phap 1ap trinh kiéu day hoc).

Céac phan mém d¢é lap trinh va cac chuong trinh diéu khién robot duoc cai dit trén
maéy tinh, dung diéu khién robot thong qua bo dieu khién (Controller). Bo dieu khién
con duoc goi 1a Modun diéu khién (hay Unit, Driver), n6 thuong dugc két néi voi may
tinh. Mot modun diéu khién c6 thé con c6 cac cong Vao - Ra (/O port) dé lam viéc
vé6i nhiéu thiét bi khac nhau nhu cac cam bién gidp robot nhan biét trang thai caa ban
thén, xac dinh vi tri cua d6i twong lam viéc hodc cac do tim khac; diéu khién cac bang
tai hodc co cau cap phdi hoat dong phéi hop VOI robot

Cic cam
bién

¥

- ] Bo diéu | I T -
Thi&t bi e . khién vA | | Nguon o ‘Chnh tay
dav hoc méy tinh dong luc robot
J —
—T___
. _ .
Ciac chuomg Dung cu
trinh thao tic

1.2.5.2. Két cau cua tay may

Nhu da noi trén, tay may la thanh phan quan trong, n quyét dinh kha nang lam
viéc cuia robot. Cac két cdu cia nhiéu tay may duoc phong theo C4U tao va chirc ning
cla tay ngudi; tuy nhién ngay nay, tay may duoc thiét ké rat da dang, nhiéu canh tay
robot ¢6 hinh dang rat khac xa canh tay nguoi. Trong thiét ké va st dung tay may,
chling ta can quan tdm dén céac théng sé hinh - dong hoc, 1a nhitng théng sé lién quan
dén kha ning lam viéc cua robot nhu: tim véi (hay trudng cong tac), sé bac tu do (thé
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hién su khéo Iéo linh hoat cua robot), d6 cing virng, tai trong vat nang, luc kep . . .
Céc khau cua robot thuang thyc hién hai chuyén dong co ban:
« Chuyén dong tinh tién theo hudng X, y, z trong khdng gian Descarde, thong
thudng tao nén cac hinh khoi
« Chuyén dong xoay theo céc truc X, y, z trong khdng gian.
« Cac chuyén dong nay thuong ky hiéu 12 T (Translation) hoic P (Prismatic).

1.2.6. Phdn logi Robot cong nghiép
Robot cong nghiép rat phong phu da dang, c6 thé duoc phan loai theo céc cach sau:
1.2.6.1. Phan loai theo két cau
Theo két cau cua tay may ngudi ta phan thanh robot kiéu toa do Bé céc,
Kiéu toa do tru, kiéu toa do cau, kiéu toa do goc, robot kiéu SCARA nhu da
trinh bay ¢ trén.
1.2.6.2. Phan loai theo hé thdng truyén dong
C6 cac dang truyen dong pho bién 1a:
- Hé truyén dong dién: Thudng dung cac dong co dién 1 chiéu (DC: Direct
Current) hoic cac dong co budc (step motor). Loai truyén dong nay dé diéu khién,
két cau gon.
- Hé truyén dong thuy luc: c6 thé dat duoc cong suat cao, dap ang nhing diéu
ki¢n lam viéc nang. Tuy nhién hé thong thuy luc thuong co két cau cong kénh, ton
tai do phi tuyén 16n kho xir 1y khi diéu khién.
- Hé truyén dong khi nén: cé két cau gon nhe hon do khong can dan ngugc
nhung lai phai gan lién véi trung tdm tao ra khi nén. Hé nay lam viéc voi cong suat
trung binh va nho, kém chinh xac, thuong chi thich hgp vai cdc  robot hoat dong
theo chuong trinh dinh san véi cac thao tac don gian “nhac Ién - dat xudng” (Pick
and Place or PTP: Point To Point).
1.2.6.3. Phan loai theo rng dung

Dua vao @ng dung cua robot trong san xuat cé Robot son, robot han, robot lap rap,
robot chuyén phoi .v.v...
1.2.6.4. Phan loai theo cach thirc va dic trung cta phuong phap diéu khién

Robot diéu khién kin (hay diéu khién servo): sa dung cam bién, mach phan hoi dé
tang d6 chinh xac va muc d6 linh hoat khi diéu khién.

1.3. Cac tng dung cua Robot

Tir khi méi ra doi robot cong nghiép dugc ap dung trong nhiéu linh vuc dudi goc
d6 thay thé strc ngudi. Nho vay cac day chuyén san xuat duoc to chirc lai, nang suét va
hiéu qua san xuét tang 1én rd rét.

Muc tiéu tng dung robot cong nghiép nham gop phan nang cao ning suat day

chuyén cong nghé, giam gia thanh, nang cao chat luong va kha nang canh tranh cua
san pham dong thoi cai thién dieéu kién lao dong. Pat dugc cac muc tiéu trén la nho
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vao nhirng kha ning to 16n cua robot nhu : lam viéc khong biét mét mai, rat dé dang
chuyén nghé maot cach thanh thao, chiu dugc phong xa va cac méi truong lam viée doc
hai, nhiét d6 cao, “cam thay” duoc ca tir trudng va “nghe” duoc ca siéu am ... Robot
duoc dung thay thé con ngudi trong cac trudng hop trén hoic thuc hién céc cong viéc

tuy khéng ning nhoc nhung don diéu, dé gay mét méi, nham Ian.

Trong nganh co khi, robot dugc st dung nhiéu trong cdng nghé duc, cong ngh¢
han, cat kim loai, son, phun phu kim loai, thdo lap van chuyén phoi, lap rap san pham .

Ngay nay da xuét hién nhiéu day chuyén san xuat ty dong gom cac may CNC vi
Robot cdng nghiép, cac day chuyén do dat mac tu dong hoa cao, mue do linh hoat cao
... 0 day cac may va robot dugc dieu khién bang cung mot hé thong chwong trinh.

Ngoai cac phan xudng, nha may, ky thuat robot cling dugc su dung trong viéc khai
thac thém luc dia va dai duong, trong y hoc, st dung trong quoc phong, trong chinh
phuc vii try, trong cong nghiép nguyén ti, trong cac linh vuc x& hoi . . .

R0 rang la kha nang 1am viéc cta robot trong mot s6 diéu kién vuot hon kha ning cua
con ngudi; do d6 né 1a phwong tién hiru hiéu dé ty dong hoa, nang cao ning suat lao
dong, giam nhe cho con ngudi nhitng cong viéc nang nhoc va doc hai. Nhuogc diém 16n
nhét caa robot 1 chua linh hoat nhu con ngudi, trong day chuyén ty dong, néu c6 mot
robot bi hong c6 thé 1am nging hoat dong cua ca day chuyén, cho nén robot van ludn
hoat dong duéi su gidm sat cia con nguoi

CHUONG Il. TINH TOAN THIET KE ROBOT HAN HO
QUANG

2.1. Phan tich va lya chon ciu tric

2.1.1. 86 bic tw do can thiét ?

Dé bai yéu cau tinh toan thiét ké Robot han ho quang dam bao thuc hién méi han cé
dang dudng cong trén mat phang thang dang véi kich thudc mdi han : dai*cao =
40cm*30cm .

Ta c6 thé 1ap luan ring :

Dé khau thao tac c6 thé di chuyén duoc trén mit phang thang dtng kia yéu cau it
nhat s& phai ¢6 2 bac tu do cho viéc di chuyén. Tuy nhién néu chi véi hai bac ty do kia thi
dbi tugng sé phai di chuyén t6i robot dén vi tri thich hop méi c6 thé dam bao thyc hién
duoc mdi han, nhu vay yéu cau tinh linh hoat caa robot trong viéc tiép can (viéc vao/ ra
mat phang lam viéc) thi yéu cau thém 1 bac tu do nixa.

v" phai c6 it nhat 3 bdc t do cho mé hinh thiét ké

Duéi day 1a mot s6 co cau co thé ding dé xac dinh céc vi tri trong mat phang 1am

VIEC.
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Co cau robot toa d§ Pecac: La tay may c6 3 chuyén dong co ban tinh tién theo

phuong cua céc truc hé toa do géc (cau hinh TTT). Khong gian lam viéc cia ban tay c6
dang khoi chir nhat.

T.T.T

Hinh 2.1 Co cdu toa do Pecac

Co cau robot toa dd tru: Khong gian lam viéc cua robot c6 dang hinh tru réng.
Thuong khép tha nhat 1a chuyén dong quay.

R.T.T

eeeeeeee ===
T |
>

<

Hinh 2.2 Co cdu toa dé tru

Co cdu robot toa d cau: Khong gian lam viéc caa robot c6 dang hinh cau.

RRR RRT

Hinh 2.3: Co cdu toa dé cau
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2.1.2. Cdc phwong an thiét ké

Phuong an 1: Robot 4DOF TTRR Phuong an 2 : Robot 3DOF RRR
o /O\Q
/
| 1

11} —=—t
Phuong an 3: Robot 3DOF RRT Phuong an 4: Robot 4DOF TTRR

Nhém Sinh vién thuc hién 15
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Phuong an 5: Robot 4DOF RTRR Phuong an 6: Robot
\
—=t
3DOF
Phuong an 7 : Robot 3DOF TTR Phuong an 8 : Robot 3DOF RRT

2.1.3. Lwa chon céu tric thiét ké

Véi két cau 4, 5, 6 bac tu do, Robot s& tré nén linh hoat hon tuy nhién viéc tinh toan
thiét ké va ché tao ciing phirc tap hon. Mot phan nhu cau bai toan dat ra khéng can goc
nghiéng cia mé han téi dbi tuong do d6 cac phuong an trén s& lam phuc tap thém nhiéu
tén kém.

Dé tiét kiem vé mat kinh té nhung van dam bao dwoc cac yéu cau cua bai toan dat ra,
ta lya chon phuong an thiét ké Robot 3 bac tu do ( phuong an s6 8 ) ¢ 2 khau quay Xac
dinh vi tri va bao quat cac diém trén mat phang, mot khau cudi chuyén dong tinh tién dé
xéc dinh toa d6 theo chiéu cao mdi han hay diéu chinh st vao ra linh hoat cia mé han
tranh va cham trong moi treong lam viéc. Do d6 viéc lya &n nay hoan chon phuong toan
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théa man yéu cau bai toan khi can thao tac trén mét phang véi huong mdi han cé dang
duong cong trén mat phang thang dtng

v’ Uu diém ciia phuong an so voi cac phuong an khac
Vé6i phuong 4n thiét ké nay sé rat ti wu véi
- Dién tich cho khau dé thuc su tiét kigm

- D& dang thyc hién voi ddi tugng nam trén mat phang ding
- Xay dung hé thong diéu khién cac khép dé dang thuan tién va gan nhu c6 thé doc

lap

- Két cau don gian dam bao tinh linh hoat

M6 hinh chon

N

dién tich cho khiu dé va df ciing
vitng két ciu yéu ciiu cao hon

-
-

+ Thich hgp véi
d6i tegng c6 bé
mit try hodc ciu
hon la mit phing

a k + Piéu khién tirng
khép s& khé khin

Ruwré'm ra va chiém n,hif-“:u
dién tich v&i mit phang
thao tic 1i mit ding —

13

/A

+ Thich hop hon
cho doi twong co
bé mit cong dang
tru hodc ciu hon
s0 vOi mat pha";ng

+ Diéu khién timg

khép khé hon

al

Két cau 4 bac sé

phiec tap vi dién
tich cho khéng
gian khing dé la

quid nhieu A
e

1 N

) — C

Hinh 2.4. Uu diém ciia phirong dn thiét ké so Véi cdc phirong dn khdc

Mb hinh 3D so b6 ciia Robot dugc thiét ké nhu sau

Nhém Sinh vién thuc hién
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Hinh 2.5. M6 hinh 3D so bé ciia Robot duwoc thiét ké nhur sau
2.2. Bai toan dong hoc

2.2.1 Tham s6 dong hoc
Cho:

a;= 0.42(m)
a,= 0.32(m)
di=0 (m)
d,=0 (m)

Nhém Sinh vién thuc hién 18
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2.2.2 Co so' 1y thuyét

3.2.2.1 Bai toan dong hoc thuan

Véi bai toan dong hoc thuan thi cac bién khop da biét, yéu cau tim vi tri cua khau thao
tac

Cdc bwoc gidi bai toan :
> Thiét Idp ma trdn trang thai khau thao tac theo cdu
tric dong hoc:
Tir hé toa d6 Denavit-Hartenberg va cac tham sé dong hoc ta thiét lap duoc ma tran
bién ddi toa d6 thuan nhét °A, biéu dién trang thai khau cudi E

[c,(a) ¢,(a) cu(@) x(a)]
C,(A) c,(a) cy(a) y(a)

OAn:
C(0) Cyp(a) Cyula) z(q)
0 0 0 1

> Thiét Idp ma trdn trang thai khau thao tac theo toa dé
khéau thao tac
Thiét 1ap ma tran trang thai khau thao tac dua trén:
o Toa do cua khau thao tac:
Ore =[xe,Ye,ze]"

. Hudéng ctaa khéau thao tac: ta sir dung cac goc Cardan

Cu(a, B.1) Cula, B.1) Cy(a, 1)
R, = Cula, Bim) Cyla, Bin) Cyula, B.1)
Cyla, Bin) Cyula,Bim) Cyula, Bin)

_Cn(a,ﬂ,??) Cola, Bm) cula,B.m)  Xe
Cula, Bm) Cula,Bm) Cula,Bim) Ve
— Mattin AGeyeze b =| co(a, f) Colefn) Colafin) Ze
0 0 0 1

> Phuwong trinh dong hoc Robot
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GVHD : PGS.TS. Phan Bii Khoi ROBOT

OAn(t) = OAn(q)

cua, Bin)  cyla, Bin) Cala, Bm1)  Xe | (c,(q) c,(a) C5(q) x(Q) |

Culer, i) Cypla, i) Cola, Bin) Ve Cx(A) Cu(A) Cyu(a) y(a)
Cula, Bin) Cyla, Bin) Cyula, Bim)  Ze |7 | Cy(@) Cu(@) Cy(a)  2(q)
i 0 0 0 1 0 0 0 1

> Tir d6 ta c6 vi tri diém tac dong cudi va hudng coa
khau cuoi

\/
0‘0

Vi tri diém tac dong cudi:

Xe = X(Q)
Ye = Y(Q)
L = X(CI)

Hudng cua khau cudi:
- Puoc x4c dinh tir viéc so sanh hai ma tran

Cula, B.m) Cula,B.m) cCula,B.m) | [cu(@) c,(a) c,(a)
Cula, Bin7) Cpla, Bin) Cyla, Bim) || Cu(Q) C(Q) C5(q)
C31(05,ﬂ,77) 032(0(,,3,77) 033(0!,,5,77) C,.(a) cCy(a) Cya(a)

> Van toc va van tée goc diém tac dong cudi
R Vdn toc
Xe || x(a)
- Taco: re= Ve = y(q)
| Ze | [ 2(9)
- Tir d6 ta ¢ van toe diém tac dong cudi E:
Xg
Ve =Te =Yg |[= I (
L ZE i
& Vdn toc goc:
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W, W, Wy 0 -o Q,
_ppT_ _
Wy Wy Wxh| |0, O 0 |

2.2.2.2 Bai toan dong hoc nguoc
Véi bai toan dong hoc nguoc thi vi tri cia khau thao tac xem nhu da biét, yéu cau tim
gia tri cua cac bien khaop

Cdc bwoc gidi bai toan:
> Thiét Idp ma trdn trang thai khau thao tac theo cdu
truc dong hoc:
(twong tu bai toan dong hoc thuan)
> Thiét lap ma trdn trang thai khau thao tac theo toa dg khau thao tac: (
tuong tu bai toan dong hoc thuan)

> Phuwong trinh dong hoc Robot
(twong tu bai toan dong hoc thuan)

"An(d) = °Ar()
(cu(@) cp(a) cu(@) x(@)] [culafm) colafim) Culafin) X

Cx(a) C,(a) cyu(a) Yy(a) Cula, Bim) Cula, 1) Cyula, 1) Ve
Cu(q) Cp(a) cu(a) z(a) |T| Cula, Bim) Cypla,Bim) Cyula, Bin)  Ze

0 0 0 1 ]| O 0 0 1
> Tir dé ta c6 phwong trinh xdc dinh Vé Vi tri va phwong trinh xdc dinh vé
huong
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% Phwong trinh xdc di vé Vi tri
X(Q) = Xg
Y(Q) = Ye
Z(q) =g

% Phuwong trinh xdc dinh vé huéng

c,(q) c,(a) c,(a) cula, i) Cula,B.n) cu(a, Bn)
Cu(A) Cu(a) Cu(a) || Cula, Bin) Cyula,Bim) Cyula, Bin)
Cx(0) Cx(d) Cy(a) Cy(a, Bin) Cyla, Bin) Cyla, 1)

- Giai cac phuong trinh trén ta tim dugc cac bién khép:
Gy
A,

Gn
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2.2.3 Giai bai toan cu thé
So do dong hoc:
X3
z3

2.2.3.1 Bai toan dong hoc thuan

Gom:
> Budc 1: xay dung quy luat chuyén dong cua cac khau
cua robot
> Budc 2: tinh toa do, van téc, van tdc goc cua diém tac
d6ng cudi cua khau thao tac
> Budc 3: tinh toan va vé quy dao chuyén dong caa
diém cudi E ( ddu miii han cua Robot)
a) Xay dung quy luat chuyén ddng cia cac khau
Quy luat chuyén dong cua cac khau:
6, =0,1t
6, =0,2t
d,=0,1
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b) Tinh toan toa d§, van toc, van toc goc cia diém
tac dong cuoi
< ~ Toadd diém tac dong cudi E
Ta cd ma tran bién doi toa do thuan nhat :
[ cos(el) —sin(Gl) 0 a cos(el) _

0A, = sin(el) cos(el) 0 a sin(el)
0 0 1 d
0 0 0 1

1

_cos(ez) —sin(ez) 0a, cos(ez) _
1A, = sin(ez) cos(92> 0 a, sin(ez)
0 0 1 d2
0 0 0 1
(100 0 |
0100
“As=1001d,
1000 1
_ cos(e1 + 62) —sin(el + 62) 0 a, cos(e1 + 62> +a, cos(el) _
0A, = sin(e1 + 62) cos<91 + 92) 0 a, sin(e1 + 62) +a, sin(el)
0 0 1 dy+d, +d,
0 0 0 1

Tur phuong trinh dong hoc Robot:

Nhém Sinh vién thuc hién 24



GVHD : PGS.TS. Phan Bui Khoi ROBOT
OAn(t) = OAn(Q)

—Cll(a’ﬂ177) Co(a, Bim)  cula, Bin) XE— _Cll(q) C,(q) c(a) x(q) |
Cal@, i) Cu(a. i) Coula, i) Ve | _|Cu(A) Cp(d) Cu(a) Y(a)
Cula,B.n) Cyla, f.n) Cula,Bin) ze Cu(a) Cu(a) cy(a) z(a)

i 0 0 0 1] | O 0 0 1 ]

ta c6 toa do diém tac dong cudi E va ma tran quay:

o Toa dé diém E
Xe | [ 0.32 cos(0.3 1) + 0.42 cos(0.1 ¢)
=] Ye |=| 0.325sin(0.3 ¢) + 0.42 sin(0.1 ¢)
z. 0.1
o Ma trgn quay R
cos(0.3¢) -sin(0.3¢) 0
0Ry = | sin(0.3¢) cos(0.3¢7) 0
0 0 1
< Van toc diém tac dong cudi
XE VEx
Ve =T =| Ye |=| Vy
| ZE a _VEz |
-0.096 sin(0.3 ) — 0.042 sin(0.1 ¢)
=1 0.096 cos(0.3 ) + 0.042 cos(0.1 ¢)
0
< Gia téc diém tac dong cudi
Nhém Sinh vién thuc hién 25
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aEx
a. =re =| a,
| A, |

-0.0288 cos(0.3 1) — 0.0042 cos(0.1 7)
= | -0.0288 sin(0.3 #) — 0.0042 sin(0.1 ¢)
0

L)

Van toc goc diém tac dong cudi E

» Matran quay R:

[ cos(0.3¢) -sin(0.3¢) 0
0R; = | sin(0.3¢) cos(0.3¢) 0
0 0o 1
. 0. ~0.3000000000 -0.
= @ ="R,.°R," =| 03000000000 0. 0.
0 0 0
@, 0
> o=|0,|= -0.

, 0.3000000000

C) Tinh toan, vé quy dao ciia diém E, van téc Ve, van
toc géc me, gia toc ae
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0.3
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dothi van toc diem E

0.10

0.03 1

[
(3]
s
e

-0.03 1

-0.10 4

vEx vEv vEz

0.3

0.1+

omega_x omega_y omega_z

Nhém Sinh vién thuc hién

n

(]

28



GVHD : PGS.TS. Phan Bui Khoi ROBOT
F I
> Gia toc diém E
do thi gia toc diem E
D T T T T T T T T T 1
1 2 3 4 5
t
-0.01
-0.02
-0.03
aEx aEy aFz
Dothi zia toc goc diem E
1_
0.5
l} T T T T 1
] 1 2 3 4 5
t
0.5
-1
|— beta x beta v beta z |
2.2.3.2 Bai toan d6ng hoc nguoc
Gom:
» Budc 1: cho quy luat chuyén dong cua diém tac dong cuodi E ( miii han caa

Robot ) 7
» Budc 2: xac dinh quy luat chuyén dong cua cac khau
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> Budoc 3: v do thi biéu dién quy luat chuyén dong cia cac khau
a) Cho quy luat chuyén déng cia diém tac dong cuoi
Cho Robot thuc hién vé duong tron:

Xe 0.35 4+ 0.15 sin(2 ¢)
re =| Ye [=] 0.35 + 0.15 cos(2 ¢)
Ze 0.1

0.3+

-——_____-
0.2
0.14
0.12 03 0.2

_{]']{]{J.{]Ei 0.4 04

b) Xae dinh quy lut chuyén dng ciia cac khau
Thiet lap phwong trinh dong hec
e Phuong trinh dong hoc robot

°As(q) = °As(t)

_Cll(q) C,(q) c(a) X(Q)_ _Cll(a’ﬂ177) Co(a, Bim)  cu(a, Bin)  Xe
Cu(A) €,(a) cu(a) Y(@) | |Cula, i) Cypla,fim) Cyula,ffin) Ve

Cu(d) Cp(q) cyu(a) z(a) || Cyla, Bin) Cyula, Bim) Cyla, Bim) g
0 0 0 1 0 0 0 1

e Phuong trinh xac dinh vi tri, hudng
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o Phuong trinh xac dinh vi tri

X(CI) = Xg
y(d)=ye
2(q) =1z

0,32cos(g,+q,) + 0.42cos(q,) - 0.35 - 0.15sin(2t) =0
<< 0.32sin(q,+q,) + 0.42sin(q,) - 0.35 - 0.15cos(2t) =0
0,-01=0

¢) Giai phwong trinh ddng hoc ta dwoc quy luat chuyén dong cia cac khau nhu
Sau.
Do thi quy luat churyen dong cua cac khan

1.3

d) Do thi van téc va gia toc cia cac khau
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DO THIVAN TOC

1_
0.3
DI T 1
1 b1
-0.51
-14
daql dq? dq3
DO THIGIA TOC
0.8+
0.6+
0.4
0.2
I} T T T 1
1 3 4 3
-02
-0 .4
=054
'D.S'
|—— ddql —— ddq? ddq3 |
2.3. Bai toan tinh hoc
Di kién ddu bai
Thong s0 Gid tri
ml (Kg) 10
m2 (Kg) 11
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1 1
m3 (KQ) 1
Fx (N) 0
Fy (N) 0
F; (N) 0
Mz(Nm) 0
My(Nm) 0
Mz(Nm) 0
2.3.1. Co s6 Iy thuyét
- Phuong phap khao sét
Roi -
M, =0
- khai trién ta co
?m - Ifi,i—1 - Ifi+1,i + |5: =0
I\7|oi = Mi,i—l_ Mi+1,i — I % 7,-—1+ ry < lﬁ- =0
F.,=F P
— N _'I,Ifl |,|71_> - N
Mll—l = I\/Ii+l,i +ri X I:i i-1 rci X PI
Ma trdn khao sat trong hé toa do khau i
II:i,i =! I:|+1| - Pl
nol i i P
1 1 1 4
Mi,i—l = Mi+1i + L. Fi i~ fe P
i~ i = =
Trong d6 cac ma tran song r. rc dugce xac dinh tir cac vector r| J rci
k., ="F, —"P
I, |,]_ H—ll 1
=10 _o0 0 o
MI i-1 IV||+1| i' I:i,i+1 rc Pl
~ 0 ~ i i
Trong d6 cac ma tran song r} rc duoc xac dinh tir cac vector r, , rci :
=" Ri . f
r,= R
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2.3.2. Giai bai todn cu thé

Coi cac khau 1a thanh ddng chat, tiét dién ngang khong dang ké, khdi luong céc khau
la m1, m2, m3. Cho lyc va momen tac dung vao khau thao tac E la °F=[Fx,Fy,Fz]" va
OM:[Mx,My,Mz]T

Thong s6 Gia tri
m1 (Kg) 10
m2 (Kg) 11
m3 (Kg)
Fx (N)
Fy (N)
Fz (N)
Mz(Nm)
My(Nm)
Mz(Nm)

OO0 0o|Oo|kF

So do dong hoc
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Z3

Z1 B

dil

ZO — ;\\

| Yo

> ng dung phan mém Maple dé tinh toan ta thu dugc luc va momen tac dung lén
cac khau nhu sau:
= Khau thi nhdt

0
Fo= | 220
0
-0.720
Mlo = O.

27.400 cos(q1 + qz) + 71.400 cos(ql)

= Khau thi hai
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3 1
0
Fu= | 120
0
-0.720
Mgz = 0.

27.400 cos(q1 + ‘12)

=  Khéu thir ba

0
Fop= | 10
0
-0.720
Ms, = 0
0

> ing dung phan mém Maple ta xac dinh duoc luc va momen 16n nhét tac dung 1én
cac khau la:
F,=220 (N)
M,=98.8 (Nm)

2.4. Tinh toan dong luc hoc
2.4.1 Tham s6 dong luc hoc Robot

Bang tham s6 dong lwc hoc Robot:
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F I
Joint | Vi tri trong tdm Khéi lweng | Ma tran momen quén tinh
xC yC zC Ixx |yy 2 |xy |yz I 2x
1 -(al-lcl) 0 0 ml lix | liyy | lizz 0 0 0
2 -(a2-I02) 0 0 m?2 loxx |2yy 1222 0 0 0
3 0 0 Ic3 m3 laxx | layy | l3z2 0 0 0

2.4.2 Thiét ldp hé phwong trinh vi phdn chuyén dong ciia Robot dang thirc

Ta c6 dang phuong trinh Lagrange II: %(%) _%+86_1(_q[ ~Q,*
T T T
Dang ma tran d ﬂ _| v + al =Q,*
dt q q oq =
1. .
T=34'M@4

V6i i
M (9) = Z(mi‘]TTi‘]Ti+‘]TRi R iei RiT Tei)
i=1

M(q): Ma tran khéi luong

Ri : La ma tran cosin chi hudng cua khau thir i so véi hé co so

JiiJg - 1an luot & cac ma tran Jacobian tinh tién va Jacobian quay duoc tinh bang
cong thuec:

(0) (0)
‘]t = aLC ’ Jr = aa_)
oq aq

Va phuong trinh Lagrange dan dat dua vé dang:

M(@)d+C(9,9)9+G(a) =z
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F I
Trong d6 viéc tinh toan ma tran C: Ma tran anh huong luc quan tinh ly tam va
C@.9=[c@da]

quan tinh Coriollis L o
¢;@aa=2 kkaq
k=1

om. om. . . ) , .
1( MU amk') la chi so Christoffel ba chi so loai mot
2 09 0g OQ;

Vi ky higu: (k1;j) =

Cach tinh C con cach nira do 1a sir dung tich Kronecker cua GS. Nguyén Vin
Khang twong d6i d& Iap trinh tinh toan

oM oM
C(g,;)=%<ln®g)—%(%(g®ln)j

Vector G(q) dugc suy ra tir thé ning:

or1’
G(g) = —
(9) 5

2.4.3 Thiét lap phwong trinh Lagrange II dang ma trdn
Tir day ta tién hanh tinh toan cac dai luong dé thiét lap phuong trinh

- CAac ma tran Jacobian tinh tién:

| -sin(gZ)lcl 0 0
Jt, = cos(ql)lcl 00
0 00
[ -sin(ql + q2) lc2 — al sin(ql) -sin(ql + q2)lc2 0
Jt, :=| cos(ql +g2)lc2 + alcos(ql) cos(gl +q2)lc2 0
0 0 0

-a2sin(ql + q2) —al sin(ql) -a2sin(ql +q2) O
Jt; :=| a2cos(ql +q2) +alcos(ql) a2cos(ql +q2) O
0 0 -1

- Céc ma tran Jacobian quay:
000
Jr=1000
100
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Jr, :

Jr3 :

[000]
000
110

[000]
000
110

- C&c ma tran Tensor quan tinh ddi véi hé dong cua khau dugc cho nhu sau:

Inertia1 :

]nertza2 :

]nertza3 :

- Ma tran khéi lugng M(q):

[ IIxx 0 0
0 IlIyy 0
0 0 [lzz

[2xx 0 0
0 2yy 0O
0 0 [2zz

[Bxx 0 0
0 IByy 0
0 0 I3zz

Vi ma tran khéi luong c6 tinh chat dbi xing nén ta s& chi ra mot nta trén ciia ma tran M

> M[1,1]

m, lel* + Izz + 2cos(q2) al le2m, + al®>m, +m, 1c2* + 122z + 2cos(q2) al a2m
1 2 2 2 3

Nhém Sinh vién thuc hién
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"M" = Hm1 lel* + 11zz +2 cos(q2) al le2m,, + al® m, + m, 1e2* + 12zz
+2cos(q2) al a2my + al’ my + my a2’ + I3z, cos(q2) al le2m, + m, 1e2* + I2zz
+ cos(g2) al a2 my + my a2 + 13zz, 0],
[cos(q2) al le2m, 4 m, le2* + I2zz + cos(q2) al a2 my + m, a2 + [B3zz,a2? m,
+ lc2? m, + 12zz + I3zz, 0],

00

- Matran anh huong cua luc quan tinh Coriolis- C
> C[1,1]
( -sin(q2) al lc2m, — sin(q2) al a2 m3) q2d

> ([1,2]
(—sin(qZ) al le2m, — sin(q2) al a2 m3) qld + (—sin(qZ) al le2m, —sin(q2) al a2 m3) q2a

> [1,3]

0
> 21 (sin(q2) al le2m, + sin(q2) al a2 my) q1d
> ([2.2]

0
> [2.3]

0
> C[3.1]

0
> ([3,2]

0
> [3.3]

0
> ¢

H(—sin(qZ) al le2m, — sin(q2) al a2 m3) q2d, (—sin(q2) al le2m, —sin(q2) al a2 m3) qld
+ (—sin(qZ) al le2m, — sin(q2) al a2 m3) q2d, 0]7
[(sin(qZ) al le2m, + sin(q2) al a2 m3) qld.0, 0],
0.00]

- Vector G(Q):
> G*
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Hml gceos(gl) lcl +m, g (cos(ql + q2) lc2 + al cos(ql)) + myg (a2 cos(ql + q2)
+al cos(q]))],
[ngcos(q] +q2) le2 + myga2cos(ql + q2)],
[0]]

- Vector lyc dan dong : ¢

- Phuong trinh Bong Luc Hoc robot:
+ Phuong trinh 1:

(ml lel* + I1zz + 2cos(q2) al le2m, + al’ m, +m, e2* + 22z + 2cos(q2) al a2 m,
+al? my + my a2 + I3zz) gldd + (cos(q2) al le2m, +m, 1e2* + I2zz
+ cos(q2) al a2my + my a2® + I32z) g2dd — 2sin(q2) al a2 g1d g2d m,
— sin(¢2) al a2 g2d* my — 2sin(q2) al lc2 q1d g2dm, — sin(q2) al le2 g2d* m,
+ my ga2cos(ql +q2) + m,gcos(ql +g2) lc2 + cos(ql) al gm, + cos(ql) al gm,
+ m, gcos(ql) lcl — 1l

+ Phuong trinh 2:

(cos(qZ) al le2m, + m, e2? + 22z + cos(g2) al a2 my + m, a2 + Bzz) gldd + (a22 m,
+ 12 my + 122z + 13z2) q2dd + sin(q2) al a2 g1d” my + sin(q2) al le2q1d" m,
+myga2cos(ql +g2) +m,gcos(ql +q2) lc2 — 12

+Phuong trinh 3:
g3ddm; — 13

2.5. Thiét ké hé ddn dong Robot
% Gidi thiéu mét so hé dan déng hay ding trong robot cong nghiép
C6 rat nhiéu loai hop giam toc dugc sir dung trong thiét ké robot céng nghiép,phu

thudc vao yéu cau ky thuat ,muc dich ang dung cuaa robot ta cé thé chon dugc mot hop
giam téc phi hop.dudi day 1a cac hop giam téc thong dung trong thiét ké robot va dac
diém g dung co ban cua ching

a) Hop giam téc banh ring tru
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Hinh 2.6 Bé truyén bdnh rang tru

Hop giam téc banh rang tru ¢ hiéu suat truyén khéng cao,co ti s kich thudc trén ti
sb truyén 16n ,do chinh xac khong cao,ti sb truyén thap, trong cac robot c6 yéu cau két
cau nho , d6 chinh xac cao thuong khong st dung. Tuy nhién véi uu diém két cau co khi
don gian,gia thanh ré va pho bién trén thi truong c6 kha nang 1am viéc véi pham vi van
téc va tai trong rong nén bo truyén banh rang try van duoc ding pho bién cho cac tay
may céng nghiép.

b) HoOp giam téc banh ring hanh tinh

Hinh 2.7. B4 truyén hanh tinh

Bo truyén hanh tinh bao gom cac banh riang trung tam,can mang truc,céc banh vé tinh.

Bo truyén hanh tinh c6 nhiéu vu diém nhu két cau don gian,nhd gon ,dd chinh xac
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cao,hiéu suat cao,quan tinh nho,tlly vao két cau ma co dai ty so truyén tir mot téi hang
tram 1an

¢) B truyén banh ring song

flexspline
(output)

Hinh 2.8. B¢ truyén bdnh rdng song
Bo6 truyén banh ring song c6 nhiéu wu diém nhu do chinh xac co khi lap lai cao
momen xoan truyén I6n,hé s6 giam tc cao tir 50 : 1 cho t6i 320 : 1, két cdu dong truc.
Loai b truyén nay c6 két cau phtc tap, khd ché tao nén gia thanh cao tuy nhién van duoc
ung dung rong réi cho robot.

2.5.1.Tinh todn hé dan dong
Trong bai tap 16n nay ching em lya chon loai hop giam tdc banh ring tru ring thang

cho tat ca cac khap.

Hé dan dong thiét ké gom 1 dong co AC ndi vai hop giam téc cap banh ring try ring
thang qua 1 khap ndi hop giam téc ndi véi truc cua khop qua khép ndi

O tat ca cac hé dan dong cua cac khop ta déu chon ti s6 chuyén 1a 4 ta c6

Usp=Up,y=4

Hiéu suét ctia hé dan dong la:

N=Npr Nz Nien

trong do:

hiéu suat bo truyén banh ring tru ring thang 1 cép la: 1,,=0,95

hiéu suét 6 lan : 1,;=0,99
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hiéu suat khop noi: Ngp=1
= N=Mpr-N2; Nen=0,95.0,99%.1=0,93
2.5.1.1 Tinh chon dong co cho khop 1

a. Cong suat lam viéc
Tur phuong trinh mémen theo thoi gian da xac 1ap phan tinh hoc ta tim duwgc mémen Ion

nhat

_ Miwl  Minl2n _ 78,4.302n
W1~ qp00 ~ 60.1000  60.1000

= 0,25 kw

b. Cong suat can thiét trén truc dong co
P 0.25
P, =-"=""=027kw
n 093

¥

c. S6 vong quay trén truc cong tac
Chon s6 vong quay 16n nhat ctiia khop 1 1a 307" fp hiit
d. S vong quay trén truc dong co

von
M1 =M1y 151 =30.4=120 "I/ e

e. Chon dong co :
Chon dong co phai thoa mén diéu kién:

Véngf

Ngeq~Ngp; =120 phiit

P;.1>P..1=0,27 kw

2.5.1.2.Tinh chon dong co cho khép 2
a. Cong suat lam viéc
Tur phuong trinh mémen theo thoi gian da xac 1ap phan tinh hoc ta tim duwgc mémen lon

nhat

M2 w2 M2Zn2.2T 7.21.30.27
Py = = = = 0.023 kw

1000 50,1000 60,1000

b. Cong suat can thiét trén truc dong co
0,023

= Pwp _ 0023
Pye =22 = 22222 0,025 kw
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C. Vong quay trén truc cong tac

Chon s6 vong quay 16n nhat cua khop 2 1a 307" fp hiit

d. S6 vong quay trén truc dong co

Nspz = Nyyz Usp2=30.4 = 120 vun‘g!phﬁt

e. Chon dong co

Chon dong co phai thoa man diéu kién:

vOn
Ngea~MNgpa =120 gfphﬁt

Py.2>P.2= 0,025 kw

2.5.1.3.Tinh chon dong co cho khép 3
a. Cong suat 1am viéc .
Tur phuong trinh mémen theo thoi gian da xac 1ap phan tinh hoc ta tim dwgc mémen lon
nhat
_M3.w3_M3n3.2n_6.202m
3™ 000 60.1000 60.1000

=0,013 kw

b. Cong suat can thiét trén truc dong co

P, ,=w2=201%-0 014 kw
mn

y 0,93

b. S6 vong quay trén truc cong tac
vong /

Chon s vong quay 16n nhét ciia khép 5 1a 20 phiit

d. S6 vong quay trén truc dong co
ron

Ngp3 =Nyy3.Usp3=20.4=80 gfph.jt

e. Chon dong co

Chon d6ng co phai thoa man diéu kién:

Ngea~MNgpa =80 Uungfphﬁt
P.2>P.13=0,014 kw

2.5.2.Chon dong co
Theo catalog cia hdng Samsung ta théng ké duoc mot sé loai dong co théng dung

cua hang :

Nhém Sinh vién thuc hién 45



GVHD : PGS.TS. Phan Bui Khoi ﬁl‘i—\. u 8 D-T
F I Y
Motor series Rated/ Maximum speed
[r/min]

30W ~ 60OW 3000/5000
oo AL Cyvlinder
950w 3000/3500

100w ~ 400W 3000/5000 Pan Cake
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i
RSMD 0.75KW ~ 5KW 2000/3000 ‘
Cylinder
RSMH 0.5kW ~ 5kW 2000/3000 Cylinder
1.0kW ~ 3.5kW 3000/5000
RSMS Cylinder
4 0kW ~ 5.0kW 3000/4500
RSMF 0.4kW ~ 4.5kW 2000/3000 Pan Cake
RSMK 0.3kW ~ 6.0kW 1000/2000 Cylinder
RSML 0.3kW ~ 6.0kW 1000/2000 Cylinder
CSMT 30W ~ TkW 3000/5000 Cylinder
CSMR 100W ~ 400W 3000/5000 Pan Cake

Tur bang thong ké ta chon dugc motor
khop

RSMK

RSMK dap tng duoc day da yéu cau cho 3

O.3W ~ G.00W 100042000 Cyfinder

Ta c6 thong s6 k¥ thuat cia mot s6 dong co thude dong RSMK ciia Samsung 13:

Nhém Sinh vién thuc hién
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ftem
Flange Size mm 130 130 130 180 180 180 180 180
Rated output KW 03 06 09 12 20 30 45 6.0
Rating % 100
Rated rotation speed r/min 1000
Max rotation speed r/min 2000
S N-m 284 57 862 | 115 191 284 29 | =12
Kaf - cm 29 58.2 88 17 198 290 437 583
e N-m 63 14.4 193 28 44 637 107 129
torque kgf - om 64.3 1469 19 | e 449 650 1091 | 1315
Raled current Ams) 35 62 76 116 185 240 30 470
I *x10%g - P 264 49 70 304 35 5.7 80.9 9
o -om - sec 27 50 71 310 %2 5638 826 101
Rotator inertia X107%g - M 38 62 83 %2 414 617 869 108
(Brake) o -om- sec? 3% 6.3 85 | 369 422 630 87 | 110
Electrical constant ms 127 21 2 31 31 3448 P 15
. ms 125 065 053 0.94 085 078 0.1 063
Mechanical constant ms(Brake) 181 0.82 063 112 10 0.86 01t 0.68
, KW/s 312 67 108 m 104 148 22 337
Power afing KW/s(Brake) 214 53 91 37 89 133 216 39
Maxinstantaneous current Ao 11 2 2 400 60 80.0 118 155
Insulation cass F
Vioration class V-15
Paint color Black
kg 48 62 856 155 175 25 3 T
= Ka(Brake) 63 8 104 190 210 29 395 47
Driving power supply vokage Vi 200/220

Theo bang théng sb k¥ thuat ta chon motor cho cac khdp lan luot nhu sau:
Khép 1: RSMK-03B
Khép 2: RSMK-03B
Khép 3: RSMK-03B

2.5.3.Thiét ké bé truyén bdanh ring cho khdp 1
Ta co:
_ Miwl _Milnl2m _ 7843021

Py = = = 0,25 kw

1000 60,1000 60,1000

0.25
Pyep= ~22=222 20,27 kw
yecl2 n 093 '

vong /

Chon sb vong quay lén nhét cta khép 2 1a 30 phiit
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VOn
nsblzniul-usb1:30-4=120 g)fphﬁf
Chon dong co phai thoa man diéu kién:
von
MNge1~MNsp1=120 gfphﬁt

PchEPCtZ =0,27 kw

ConNg sudt trén cac truc

Cong suat trén tryc cong tac P, = 0,023 (kw)
Prq _ 0,023

Cong suat trén truc II Py=—"2= = 0,0232 (kw)
Mot 0,99
r P x
Cong suét trén tryc | p,=—1 = 29232 _ 055 (kw)
Mot Mpr  0,99.0,95
Toc d quay trén cac truc
Téc do quay trén truc dong co nge = 120 (vg / ph)
Toc do quay trén truc | N1 = ng =120 (vg/ ph)
Téc do quay trén truc I nu= =30 (vg/ph)
M6 men trén cac truc
Trén truc dong co T,. = 9,55. 108 E = 23875 Nmm
0,025
Trén truc | T; =9,55.10° = 1990 Nmm
Trén truc 11 Ty = 9,55. 10° % = 7385 Nmm
Trén truc cong tac T.. =9,55.10° % = 7322 Nmm

Bang tong két phan chon déng hoc
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Pong co Truc | Truc Il Cong tac
Ty s6 truyén Ukn = Ur=4 | Ux=1
Cong suat (KW) 0,3 0,025 0,0232 0,023
S6 vong quay (v/ph) 120 120 30 30
Momen xoan (Nmm) 23875 1990 7385 7322

2.5.3.1 Chon vat liéu

Vi hop gidm tdc chiu cong suét trung binh nén ta chi can chon vat liéu nhom I

(HB<350). Pé ting kha ning chay mon ta nén chon vat liéu banh nho ¢6 do ran 16n

hon banh 16n tir 10-15HB: H1>H2+(10...15)HB.

Tra 99—'21[1] chon:

Thong so Banh nho Béanh 16n
( Banh chu dong ) ( Banh bi dong )
Nhan hi¢u Thép 45 Thép 45
Ché d6 nhiét luyén To1 cai thién To1 cai thién
Do ran Do rin: HB, =180 Do ran: HB, =170

G161 han bén

o,, =850

o, =750

G161 han chay

0,4, =580

o, =450

2.5.3.2 X4c dinh Gng suit cho phép

Ta xét d bén ti€p xuc ciia mat rang lam vi¢c va do bén uon chan rang thong qua

ung suat.

Ung suét cho phép dugc xac dinh theo cong thuc:
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[6,]= GSH"mz Z, K Ky

H

[0:]= GSF'"“YYK Ko Kee

.
Trong do:

[,,]- Ung suat tiép xtic cho phép

Z. - Hé s6 xét dén anh husng ciia dd nham bé mit rang

Z,- Hé sb xét @én anh huéng caa van téc vong, Z, = 0,85v°* (voi HB <350)
K., - Hé s6 xét dén anh hudng cia kich thudce banh ring

K, - Hé s6 tudi tho

[o+]- Ung suét udn cho phép

~ A

Hé s6 xét dén anh huong ciia ¢6 nhdm mat luon chan rang

~ A

Yy
Y, - Hé sb xét dén anh huéng ciia do nhay vat liéu véi tap trung ang suat
K - Hé sb xét dén anh husng cua kich thudc banh ring

K, - Hé s6 tudi tho

Kee - Hé s6 xét dén anh huong dit tai

Z.2,K,, =1

a.Chon so bd
Y. Y K, =1

b.S,,S. hé s an toan khi tinh vé &ng suit tiép xuc va tng suat udn
Tra 2[1] ta duoc:
94

Banh rang cha dong: S, =11 S, =175
Banh rang bi dong:  S,, =11 S.,=175

c.o%, o0, {ng suat tiép xdc va udn cho phép tng véi sb chu ki co so:

Nhém Sinh vién thuc hién
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6%, =2HB+70
o’ =18HB

6%, =2HB,+70=2.180+70 =430

Banh chﬁdéng{ 0 =18HB, =1,8.180 =324
O im =1, 8HB; =1,8. B

O ima = 2HB, +70=2.170+70 =410
22 =1,8HB, =1,8.170 = 306

OFlim2

Banh bi dong {

d. K, , Ky hé s tudi tho xét dén anh hudng cua thoi gian phuc vu va ché do tai

trong cua bo truyén:

Trong dé
m,,Me - la bac cta duong cong moi khi thir vé tng suat tiep xuc. Do banh

rang c6 HB<350=> m, =6 va m. =6
HO!
uon:

N :30.H214 7. . L , - s N
"o " doi vai tat ca cac loai thép thi N, =4.10°
N, = 4.10

N, =30.H2% =30.180** = 7,76.10°
54N, =30.H2 =30.170%* = 6,76.10°
Neoy = Neg, = 4.10°
N, Nee - 56 chu ky thay doi tng suat twong duong:
Do b truyén chiu tai trong tinh => N, = Npe =60cn.> 't
Voi :
¢ s6 lan an khép trong mot vong quay: c =1
n van toc vong cua banh rang:
>t tong so gio 1am viéc cua banh ring:
6 nam x 365 ngay x 8h = 17520(h), > t=L, = 17520(h)

Nhém Sinh vién thuc hién
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Vay:
Nygs = Npg; = 60cn,L, = 60.1.120.17520 = 126,15.10°

n, 120 ]
Nyzz =Neg; = 60c—L, =60.1.==.17520 =3154.10

Nhan thiy

Niper > Nygp > Ky =1
Niygo > Ny, &> Ky, =1
Nee, > Negy & Ky =1

Neeo > Negp & K, =1

Vay ta co
a. Ung suat tiép xac cho phép

0
[UHl] = %ZR'ZWK)(H 'KHL = %11: 391(MPa)

H1 d

0
[64,] =%ZR.ZV.KXH K, :%.1.1=373(MPa)

Vi st dung banh riang thang nén [0 ]=min(o,,;,04,) =373(MPa)

b. Ung suat ubn cho phép
Canh tay robot quay 2 chiéu nén tai trong dat 2 chiéu — K., =0,7-0,8
HB<350 nén chon K. =0,7

i 391
[0r] = ZEM Yo Yo Ko Ky Kie = 2—2.1.1.0,7 =156, 4(MPa)

F tl

i 373
[0r2] = =22 Y, Yo Ko K K = .1.1.0,7 =149, 2(MPa)

. :
¢. Ung suét cho phép khi qua tai
Béanh rang t6i cai thi¢n nén:
[6,] . <2,8.min{c,,,0y,} =2,8.450 =1260(Mpa)
Vi HB<350 nén [o. ]max <0,8.0,:
[6¢.] _ <0,8.5,, =0,8.580 = 464(Mpa)

[6¢,] . <0,8.0,, = 0,8.450 = 360(Mpa)
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2.5.4 T Z'I,”lh todn‘ thiét ké bé truyén banh rang
Thong so6 yéu cau:
Trén truc cha dong:  Céng suat P, = 0,025kW
Momen xoan T; = 1990 Nmm
Téc d6 truc quay n; =120 (vg/ph)
Ti s6 truyén u = 4

2.5.4.1 Xac dinh khoang cach truc

Cong thirc xéc dinh so bd khoang cach truc a, — K, (u-+1)/— s
[o-H] 'U'Wba

K, - hé sé phu thuoc vat lidu cua cap banh ring. Tra %[1] Vi rang tru ring thing

1
c6 K,=15,5MPa®
T, - momen xoan trén truc chi dong: T, = 1990 Nmm

[0,,] - tng suat tiép xdc cho phép: [0, ]=373(MPa).
u - ty 6 truyeén: u=4
Wi Wes - NE SO Chiéu rong vanh ring. Tra %[1] véi bo truyén khong dbi xang HB
<350, chon duoc:
=016 va,, = 0,53 . Wy, (U+1)=053.0,16 (4+1) =0,424
Ky 0 K - hé s6 ké dén su phan bb khong déu tai trong trén chiéu rong vanh rang
khi tinh v (ing suét tiép xtc va udn.Tra 2 [1]voi w, =04 va so @b bé tri 1a so dd
98
Ky, =1,03
K., =105

A [ TK, a 2[1990 1,02
DO Vay aW :Ka(u +1)3[]—u1//ba 15 5(4 1) 373 240 16 21,97 mm

Chon theo dy 1 tiéu chuan SEV229-75: a,, =25mm

2.5.4.2 Xac dinh thong sb an khép
M6 dun: m=(0,01...0,02)aw =(1...2)

5ta du’c_yc{

Tra theo déy 1 bang %[1] m=1(mm)
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2y, _ ddd
m(u+1)  1(4+1)

Z;=u.2:=4.10=40

Xac dinh s rang: Z1 =

Z, = 11
=>
Chon {zz — 42
, \ r 42
Ty so truyén thuc té:  ur = = P 3,82
Z 1

Sai léch ti sb truyén:
3,82—-4
4

‘J.It—‘u

Au= [*=2| 100% = [2==] .100% = 4,5% < 5% (thoa man didu kien)

u

= Xac dinh lai khoang céch truc chia:
Zy+ 2, 11+42

a,=m(Z72)=1. (—)=265mm

= Xac dinh hé sb dich chinh:
Vi a; #a,, ta can st dung cac banh rang dich chinh dé ting khoang cach truc

Hé s6 dich tam:

_Gw ZitZy 25 11442 ~15
m 2 1 2
oz 1000y  1000.15
HE¢ so k, = = = 28,3

Yz +2z, 11+42

Tra bang %[1], Véi k, = 28,3 ta duoc k, = 0,696

o , . K.(Z,+Z;) 0.696(11+432)
Hé so giam dinh rang: Ay = —= L= - = (0,037
€S040 d g 8l 1000 1000 !

Téng hé sb dich chinh: x, = y+Ay =-1,5+0,037 = -1,463

Hé sé dich chinh banh ring cha dong:

1[ _M}:l{_lAm_M =-2,35

ol a2 17 +66

Hé sé dich chinh banh ring bi dong: X, = X, — X =—1,463—(-2,35) = 0,887

= Xac dinh goc an khép ¢, :
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_(Zy+Z;ymceoso _ (11+42).1.cos20

cosa,, = =0.996

2a,, 2.25

aw = 5,13°
2.5.5 Kiém nghiém bé truyén banh rang
2.5.5.1 Kiém nghiém d6 bén tiép xtic

Kiém nghiém vé tng suat tiép xic: o, =2,,2,2, /w <[on]
Wut wl

Trong do :
Z,, - hé sb ké dén co tinh vat liéu cia cac banh rang an khop:

6.5 1
Tra %[1] — Z,, =47,5(MPa?)

Z,, - hé sb ké dén hinh dang ctia bé mat tiép x(c:

Zn = \{sinzaw - JsinZ.E,lB =335

I4 \ , 9 1% 4_
Z,- hé so sy trung khép cua rang: Z, = 38“

_ 1 1, _ i i _
£a=188-32(; +3)=188-32(5; +) =1513

Zg= 4—ga _ 4-1,513 = 0,91
3 2

K, - hé s tai trong khi tinh vé tiép xtc: K, =K, K Ky,

Trong do:
Ky, 12 hé s6 phan b khong déu tai trong trén cac doi rang khi tinh vé wng suat tiép
, nd,,..n
xuc dugc chon thdng qua van toc vong V= 50000
Puong kinh vong 1an banh nhé du = {;‘; = [jff =10
= 2222 0,063 (mis)
Tra %m vi 0,063<2(m/s) nén sir dung cap chinh xac 9.

Tra %[1] véi cap chinh xac 9 va 0,063<2,5(m/s) — K,,, =113
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3 1

Ky he s6 ké dén su phan bd khong déu tai trong trén chiéu rong vanh riang khi tinh
vé (ing suat tiép xdc: K, =1,07
K., hé sb tai trong dong trong vang an khop khi tinh vé wng suit tiép xtic duoc tinh

A v,b,d
theo cong thic K,,, =1+——H»w
2K, 5K,

Trong do:

Vi =5H90V\/aw/u
6.15

8, - hé sd ké dén anh huéng cia cac sai s6 an khép. Tra 10—7[1] c6 &, =0,006
véi rang thang.

J, - hé s6 ké dén anh huéng cua sai léch cac budce ring banh 1 va 2. Tra —3376 [1]

cd go =73 theo cap chinh xéc 9.
v - van téc vong v = 0,063m/s

Vay vy = B gov |2 = 0,006.73.0,063. | = =0,069
u 4

b, - Chiéu rong vanh rang:

b, = Upg-aw=0,16.25= 4 (mm) — Chon by = 10

Vg byy 0,069.10.10
Ky, =1+ — 2 =1+ ——————— =~
2Ty Kpp Kare 2.1990.1,07.113

Vay Ky, =K, K, Ky =1131,07.1 =121

Thay vao ta duoc tng suit tiép xdc:

OH= Zy Zn 2y | 2O 47 5.2,15.0,89. \/

byudy,y

2.1990.1,21.(4+1)
10.4.10°%

= 223(MPa)

Xac dinh chinh xac (ng suat tiép xuc cho phép:
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3 1

Vi v=0,063<5(m/s)—Zy=1; Véi cap chinh xac dong hoc la 9, chon cap chinh xac vé muc
tiép xuc 1a 8, khi d6 can gia cong do dat dd nhdm Rs=2,5...1,25um, do d6 Zr=0,95; Vi
da< 700mm —Kxn=1 .Vay tng suit tiép xuc cho phép chinh xac 1a:

[64]., =[04]Z,-Z5-Z, =373.1.0,95.1=354(MPa)

Kiém nghiém:on =223 (MPa) < [+ Imax = 354 (MPa)

Lugng bén thira 14 : % 10005 = 2247222 10004 = 3706

[ogla 354
— thoa man diéu kién (ng suat tiép xuc.

2.5.5.2 Kiém nghiém d6 bén uén
Cong thac kiém nghiém:

2T, KLY,Y, Yy, _

or T B0y M - [O-Fl]
O, = GFYl-YFz S[O-FZ]
F1
Trong do:

Ke - hé s tai trong khi tinh vé uon: K =K KK,
Vé6i K., hé sé phan b khong déu tai trong trén cac doi rang khi tinh vé @ng suat udn.

Tra %m véi van tée v<2,5(m/s)va cap chinh xdc 9— K, =1,37

107
Ke; - hé s6 ké dén su phan bd khong déu tai trong trén chicu rong vanh ring khi tinh vé
{rng suét uén, tra bang %[1] Véi W,y =1,2,50 dd 5— K, =122
K., hé b tai trong dong trong ving dn khop khi tinh vé Gng suat tiép xuc, uén duoc
veb,d

tinh theo cong thirc K, =1+—F*4
2T1KF/;’KFa

Ve =0:0oV/a,, lu
6.15

Tra ﬁ[l] Vi rang nghiéng c6 6 =0,011

go=73 theo cap chinh xac 9

_nd,,.n

=—wi"1 = —5500 0,063
60000
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Qyyr 25
=> vy = Op oV I? =0011.730,L. |7 =02

Chiéu rong vanh rang b,=8

Verby,d 0,2.10.10
Hpu:].'l' HY%w®%wi1  _ +

— ~

2T KypKyq 2.1990.1,07.1,13

Vay K. =K. K ,Kp, =137.1221=167

Y. - hé sb ké dén su tring khop coa ring: Ye=— = = 0.66

£y 1,513
Y,-hé s6 ké dén do nghiéng cua rang, vi rang thang p = 0° —Y, =1
Y., Ye,- hé s6 dang riang phu thudc sé rang twong duong, vi ring thang nén
Zn1=Z:=11 ; ZV2222:42

6.18 .
Tra 2= 2[1] duge Y, =307, Y, =327

Thay vao co

2Ty Kp¥e¥p¥py  2.1990.1513.0,66.1.3,07
by dypym 10.10.1

O, = ZE2E2 = 99(MPa)

Fi

Op1 =

= 93(MPa)

Xéc dinh chinh xac d6 bén ubn cho phép:
Trong tinh toan so b, ta chon Y,.Y..K,. =1, bay gio ta xac dinh chinh x&c ung suit
uén cho phép thdng qua chon lai chinh xac cac hé sb Yy, Ys, K -

Chon Kz =1 (vi duong kinh cac banh rang d, <400mm)

Yz =1 (banh rang phay)

Y, =1,08—0,0695.In(m) =1,08 —0,0695.In(1) =1,08

[oc1],, =[0r1] YaYsK,e =324.1.1,08.1=350(Mpa)
_){[am]cx =[o,] YaYsK,e =306.1.1,08.1=330(Mpa)

Nhan thay:
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{am = 93(MPa) < [0z,] = 350(MPa)

0g2 = 99(MPa) < [0;,] = 330(MPa)
Thoa man d6 bén udn.

2.5.5.3 Kiém nghiém vé qué tai
Cong thic kiém nghiém:

Ohmax = Tn | Kyt < [ow ]max

OFmaxt = thGFl < [GFl]

max

OFmax2 = thO-FZ = [O-FZ]

K :Tm—ale,15
T

qt

max

Cramax = O n[Kq =3734/1,15 =400< [0, ] =1260(MPa)
DO VAY { ¢ i = KyOp; =1,15.324=372,6 < [0, ], = 464(MPa)
oz = KyOp, =1,15.306 =352 <[ o, ] =360(MPa)

Thoa mian diéu kién vé qua tai.

2.5.5.4 Tong két cac thong sb co ban cua bod truyén

di =m.Z; = 1.11 = 11(mm)
d, =m.Z, = 1.42 = 42(mm)
dyy =22 = 222 — 10(mm)

u+1 3

w2 = w.dy = 410 = 40(mm)

buong kinh vong chia: {

Duong kinh vong lan: {d

Duong kinh dinh rang
{dal =d; +2.(1+x; +4,)m=11+2.(1 +(-2,35) - 0,037).1 = 8,226(mm)
doy =dy+2.(1+x, +4,).m=42 +2.(1 +0,887 — 0,037). 1 = 45,7(mm)

d’_fl = dl — E,Em =11 — 2,5.1 = B,E[mm)

DButng kinh chan rang: {dﬂ —d, —2,5m = 42 —2,5.1 = 39,5(mm)

Bang tong két

Khoang cach truc a, = 40mm
Modun m=1
Chiéu rong vanh riang bw=10
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1 1
Ti s6 truyén u=4
S6 rang banh ring Z1=11, Z,=42

Hé s6 dich chinh X, =-2,35; X, =0,887

Goc an khop awt=5,13°

Puong kinh vong lan dw dw1=10(mm)
dw2=40(mm)

Puong kinh vong chia d di=11(mm)
d>=42(mm)

Puong kinh dinh rang da d 21=8,226(mm)

da2=45,7(mm)

Duong kinh chan rang dr

dr=8,5(mm)
dr=39,5(mm)

2.5.6 Tinh todn thiét ké khép noi

2.5.6.1 Tinh chon khép ndi
Théng sé dau vao

Momen can truyén: T = Tgc = 23875 Nmm

buong kinh truc dong co, tra RSMK Motor Series cua Samsung ta co

ddgc = 15mm
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3 1
110.08[A
- = A opoteA —2C
LF | LE
B T

@LBh7

| ﬁéﬂ

1
|

j\ Motor Connector

Encoder Connector

Hinh 2.9. Théng sé hinh hoc ciia déng co
Chon khép ndi
Ta str dung khép ndi vong dan hoi dé ndi tryc (do tai trung binh).
T <[ T |

Ta chon khép néi theo diéu kién
d <[d,, ]

Trong do:
T, momen xoin tinh toan T, =k.T véi k hé s ché do 1am viéc, phu thudc vao loai may,

tra%[z] ta ldy k=1,2; T momen xoin danh nghia trén truc:

: T =Tg =119375 Nmm
Vay Ty = k. T =1,2.23875= 28650 Nmm = 28,65 Nm
di = dec = 16mm  duong kinh truc can néi.

16.10a T, < [T]

Tra ban
a9 g d, < [dg,]

[2] véi diéu kién: {
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I
[T, ] = 31,5
[d,,] = 16
Ta duogc 7 =1
D, = 63
16.10b L =20
Trabang ———[2] v6ilTy,] =31,5 (Nm) ta dugc: I = 15
69 d. =10

2.5.6.2 Kiém nghiém khép ndi
Ta kiém nghiém theo 2 diéu kién:

a. Biéu kién strc bén dap cua vong dan hoi

oy = Zél:(-jrcls <[oy] véi [o,] tng suat dap cho phép cua vong cao su: [o,]=(2~ 4)Mpa
Gy = = =152(MPa) <[o,] =(2+4) (MPa) thoa man diéu kién sic bén dap

b. Piéu kién strc bén cta chdt

o, = % <[o,] véi [o,] tng suat cho phép cua chét: [o,]=(60+80)MPa
ou= % =22.74(MPa) thoa man diéu kién sirc bén cua chét.

C. Luc tac dung 1én truc khép ndi
Do su khong déng tdm khi ndi truc nén xuat hién tai trong phu:

Fo.=01F (F,=(01~03)F)

_ 2T _ 223875
Dy 63

Fkn=0,1.Ft=0,1.758=76 N

Ft =758 N

2.5.6.3 Tong két thong sd co ban ctia ndi truc vong dan hdi

Théng sb Ky hiéu Gia tri
Momen xoan I6n nhat c6 thé truyén duoc [T ] 31,5
Pudng kinh I6n nhat ¢ thé cua truc noi [d, | 16
S6 chot Z 4
Puong kinh vong tm chot D, 63
Chieu dai phan tir dan hoi , 15
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1 1
Chiéu dai doan cdng x6n cua chot l, 20
DPuong kinh cua chét dan hoi d, 10

2.5.7 Tinh todn thiét ké truc

2.5.7.1 Chon vat liéu
Chon vat liéu ché tao tryuc 1a thép hop kim 40Cr c6 tng suit xoin cho phép 1a 95(MPa)

2.5.7.2 Xéc dinh luc va so dd dat luc

N 2T, 2.1990
Luc vong Fu=—>=Fp= =398(N)
e 10
, N Fpqtanoy,, 292 tan20”
Luc huéngtam: Fp= 22— =F,=——7—=145(N)
cos cos 0
Truc | con chiu e khép ndi: Fin =76(N)
Fkn FxlO Fxll
/ —Z F —
k;=10mm V' k,=10mm T k,=10mm 1
y10 I:yll
Ftl /FIZ
| "
E ) Fy20 I:y21
r [
kZ:lOmm FXZO I=100mm Fx2l

Hinh 2.10. So do luc doc truc
Chon khoang cach tir chi tiét quay ngoai hop dén 6 1an ki=10 (mm)
Khoang cach tir banh rang dén 6 lan ko=10(mm)
Do dai truc 11 1ap khau 2 14 1=100(mm)

2.5.7.3 Hé phuong trinh cin bing luc va momen
Truc |
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r

1 1
LFyq =Fy+Fng—Fq+Fy;=0

) YFyy =Fyo—Fq +Fyp =0

LMyg = Fy.ky — Fyq.(ky +k3) =0

Z Mg = —Fpp.ky — Fy. ky + Fiyy. (ks + k3) = 0

(Frip = Frg — Fip — Fyqq = 85

Fyi9 = Fy —F13 = 72,5
' Epyy = :iﬁz = 72,5
| P = F—"”E::i'kz = 237
Truc Il
( LFyp =—Fp+Fuog+Fp =0
4 LFy =—Fp+F—Ps+Fy; =0

1
LMy = Fpp.k; — P55+ Fypp =10

\LMyyg = —Fpp.ky — Fy.ky + Fiyy. (ks + k3) = 0

[ Fuao = Fp — Fpy = 437.8

F_}-‘ZU =Fr2 +P3_F.21 = 119,5

¥
1
4 Pyo—Frolip
Fiay =— = —54.5
—Fegky
\ F.I‘Zl -

= —39,8

Hinh 2.11. Biéu d6 Moment truc |
Trucl
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76 145
85 % A 231
12,57 398 1 K
M x
725
My
760
2370

Truc Il
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398 JRSLE:

ZXSO

437,8

v 1450

145

M x

2725

VSM

3980

My

1990

Hinh 2.1. Biéu d6 Moment truc 11

2.5.7.4 Xac dinh duong kinh truc
Puong kinh cac doan truc dugc tinh theo céng thirc

d,=3 —M“’j
0.1[o]
Trong do:

[o] - tng suét cho phép ché tao truc
M; - M6 men uén téng M, =/M?% + M}
M, - M6 men twong dwong M, =,/M7 +0,75M
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\/ij +M2+0,75T7
0,1[0']

Vay ta co d_i/

[o] tng suat cho phép thép ché tao truc. Chon thép 40Cr tdi c6 [o]=95(MPa)

Trucl

-Vi ndi véi truc dong co c¢6 dec = 15mm  nén dudng Kinh truc khép néi chon theo tiéu
chuan lay t6i thiéu bang dkn =(0,8...1,2) dac =(12...18)mm

Chon. dkn = 12mm

-Tai tiét dién chd Iap 2 6 lan:

Chon ddng bd  do1 = doz = 12mm

-Tai tiét dién chd lap banh rang 1:

Vi duong kinh chan banh rang 1 d,, =14,5mm nén chon dudng kinh truc twong tng dé

ché tao lién truc, chon theo diy dwoc di=12(mm)

Truc Il

Tai tiét dién Iap 6 lan phia bén phai momen nho hon bén trai nén ta chi can tinh cho 1 6

lan bén phai:
P —
Er |ME+M{+0.75T; ;[ [55007115120240,75.45203¢
— | _2 [ 75 _

do2 _‘\| o100l —\{ o155 = 16,47(mm)
Chon theo Catalog 6 lan SKF dugc doz =18(mm)
Tai tiét dién chinh gitra 2 6 lan dat trong lec khau 2:

Er,.!!x'*f3+ﬂi’§+ﬂe?51"zg z|,/5650%+7570%+0,75.452032
do2 :‘\| o1lo] :\{ 0195 = 16,2(mm)
Chon theo Catalog 6 lan SKF dugc doz =18(mm)

2.5.7.5 Tinh mdi ghép then
Do céc truc déu nam trong hop giam tdc nén chon then bang.
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| lo—

:

Hinh 2.2. Két cdu then bang
d: duong kinh truc lap then
b: chiéu rong then
h: chiéu cao then
t;: chiéu sau ranh then trén truc
t : chiéu sau ranh then trén 15

Truc Il
Theo bang %[1] vé6i duong kinh chd Iap then d= 18 ta c6 then

b=6; h=6:; t1=3,5; 1,=2,8: 0,16 <r < 0,25
Chiéu dai then chon theo day 1, =(0,8...0,9)k, =(0,8...0,9).10=(8...9) chon theo day |, =8
Kiém tra do bén cua then theo cong thirc 9-1 va 9-2 /173[1]

— 2Tl <
%t <L)

T, = 2T, <[zc]
dl,.b

Trong do
T - momen Xx0&n trén truc
d - duong kinh truc

l,,b,h,t- cac kich thuéc then
[,]- tng suat dap cho phép tra bang %[1] véi diéu kién tinh ta c6 [0, ] =150
[rc]- Ging suat cit cho phép, thép C45 trong diéu Kién tinh vira lay[zc] =50
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v A N v -
dulpi(h—t4) B 18.8.(6-3.,5)

Oq1= =67,2< [o4]=150

2T 2.12097
= = =28< [7zc|=50
tdl dl,.b  18.8.6 8< [rc]

viy then du bén

2.5.7.6 Kiém nghiém do bén truc
a. Kiém nghiém do bén moi
Két cau truc vira thiét ké dam bao do bén moi yéu cau néu hé s6 an toan tai cac chi tiét

- 2 , ~ Y . n Syi-S,i
nguy hiém thoa man dieu kién sau:s; = —2——>[s]
\SZ + S
o j 7]
Trucl
Vi duong kinh truc duoc chon phu hop véi duong kinh truc dong co va banh rang nén ta
chi can kiém nghiém ¢ tiét dién bé nhat cua truc .

Xeét tiét dién Iap tai 6 1an nguy hiém (bén trai):

Piéu kién do bén moi s, = a0 > [g]
NOE
Trong do:
[s]- h¢ s6 an toan cho phép, thong thuong [s]=1,5...2,5

0
1=K +
4 N s Z4 LtA , 4 / e od1O. -0,
S,,+S,, - hé sO an toan chi xét riéng tng suat phap, ticp a“ ;‘1 Vo Om
S, = =

7l
Krdl'ral + l//r 'Tml

VGi o ,Vva 7, giGi han moi udn va xoan va xoan ang voi chu ki déi xang,

o ,=0,436.0, =0,436.1200 = 523

vai thép 40Cr ¢6 o, =1200 MPa — {
7,=0,58.0 , =0,58.523 =303

Bién d¢ va tri sé trung binh caa tng suat phap:
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3 1
3 3
voi w =74 _ 712 o0
32 32
Zeme
_ B E B 1.“!;"L:!'J:.+; ¥ 3 7802 _
Gal™ Omax— W, - W, ~ 170 =4,47

Bién d6 va tri s6 trung binh cua tng suét tiép:

T.o =T, = L
a2 max1 WOl
7., =0
_nd}  712°

=339

W
VOl "7t 16 16

Tal=Tmax— Tl/ W01:35,7
w_,, —hé s chi dén anh hudng cua tri s6 (ing suat trung binh dén do bén moi

Tra 10—7[1] ta co:
197

. =0,05
y. =0
K, a1 K,q1 —hé s6 x4c dinh theo cong thic

Ko = (K, /5, +K, ~1)/K,
K1 = (K, /&, +K, -1 /K,

Véi

K,- hé sb tap trung ung suat do trang thai bé mat, phu thudc vao phuong phap gia
cong va do nhan bé mat.Tra 11(2)—;3[1] vé6i bé mat mai , o, =1200Mpa co K, =1

K, - h¢ so tdng beén bé mat truc, phu thudc vao phuong phap ting ben beé mat, co tinh

vat liéu. Tra %[1] Véi truc tap trung nhiéu ¢ng suét, o, =1200Mpa c6 K,=21

€,,€, - hé sb kich thudc ké dén anh huong caa kich thudce tiét dién truc dén gidi han

10.10
198

e, =0,92
e =0,92

T

moi.Tra [1] vei thep hop kim c6 {
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K., ,K.-hé sb tap trung &ing suat thuc té khi udn va khi xoan, phu thudc gidi han bén

vat lieu truc. Tra 122 [1] c6 K, =176
199 Kr :11 54
K. .=(K /le +K -1)/K,=(1,76/0,92+1-1)/2,1=0,9
Véy Cé odl ( o o X ) y ( )
Kis=(K, /&, +K,~1) /K, =(1,54/0,92+1-1)/2,1=0,7
Vay
o_4 523
Spq = = = 130
K, 44To1+ W, 0,4 0,9.447 + 0,05.0
T_4 303 1
S = = = »
K T+, Ty 0,7.35,7 4+ 0.0

SgiSr1 130121
J130%+12,1%

Thay vao : s1= - =12 >[s]=(1,5...2,5)

|2 2
1,“!Sr:r':l +5n

Thoa mén diéu kién bén mai.

Truc Il

Tai tiét dién lap banh rang 2, momen My =My =0 nén thira bén khong can kiém nghiém.
Xét tiét dién nguy hiém 6 1an 2 (bén phai):

Kiém nghiém tuong tu ta co:

o ,=0,436.0, =0,436.1200 =523

o, =1200 MPa
" - {r_l =0,58.0, =0,58.523 = 303

Bién d¢ va tri s6 trung binh caa tng suat phap:

M
O. =0 = — 2 2
a max , - wd Tl8
W VoI Wy =—2= =572,3
32 32
o,=0
lyg2 . ny2 -
M, _MztMy 55007151207 28 11
Cuo=0 =—= = =
a2 max2 W, W, 573 )

Bién d¢ va tri sé trung binh cua tng suat tiép:
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T
2~ e Ty Wop = 22 = = 11445
7.,=0
_ _ & _ 45203 _
Ta2= Tmax — Wog ~ 11445 39,5

Céc hé sé duoc chon twong tu:

w. =005 [K_ =176 £ =0,92 K,=1
w.=0 K. =154 g, =0,92 K, =21

Koo =(K, /e, +K,~1)/K =(176/0,92+1-1)/21=0,9
K= (K, /& +K, ~1) /K, =(L54/0,92+1-1)/2,1=0,7

Vay
g_4 523 08
5 == = = ,
b K, a1Ta1+ W, 0,1  0,9.28+ 0,05.0
T_y 303

S = = =
T K 4 Ta+ U, Ty 0,7.39,54 0.0

SgiSg 2111
| B - I
.H!sg':l"'sf:l ¥21°+11

Thay vao s1= =9,7 >[s]=(15...2,5)

Thoa man diéu kién bén moi.

b Kiém nghi¢m do bén tinh

Pé dé phong kha nang bi bién dang déo quéa Ién hoic pha hong do qua tai dot ngot can

tién hanh kiém nghiém truc vé do bén tinh. Cong thic kiém nghiém c6 dang:

oy =No’ +3r° <[o]

oc=M,_, /(0,1d%
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r=T_ 1(0,2d%)
[c]=0,80,

Xét tiét dien 1-1:

|!';2‘3+'n2‘2 R
M, MMy Tep2
Oul= Omax= — = =
o™ Omax= W, 170

Ta1=Tmax= 11/ Wo1= 35,7

=4,47

[] =080, 6 0, =580tir Z[1] —[0]-0,80,, ~0,8.580 - 464

o =vVa? + 312 =/4,47% + 3.35,72 = 62 < [0]=464
Thoa méan do bén tinh.

Xét tiét dien 1-2:

- N
_ Mpae MMy 55007 +15120°

Omax= -
T w, W, 01123

Tmax= T1/ Woi= 12097/ (0,2.123) = 35

=931

[0]=0,80,, c6 o, =580t %[1] —[o]=0,80, =0,8.580 = 464

— g =Vo? + 312 =v/932 + 3,352 = 111 < [¢]=464

Thoéa méan dd bén tinh.

Kiém nghiém twong tu voi truc II déu thoa man.
2.5.8 Chon 6 lan

2.5.8.1 O lan truc I

a. Chon loai 6 lan
Truc | ndi dong co va lip banh riang thang khdng chiu luc doc truc nén ta chon 6 bi d& 1

day
b. Chon kich thuéc 6 13n
Theo tinh toan phan kich thudc truc, ta di chon dugc 6 ldn c6 d =12(mm)

Tra Catalog cua SKF ta dugc bo thong sb:
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Hinh 2.3. Catalog 6 lin truc |

Chon:
Thong s6 d(mm) D(mm) B(mm) C(kN) Co(kN)
Giatri 12 37 12 11,1 4,15
¢. Kiém nghiém kha ning tai dong ctia 6
Kha ning tai dong cua b kiém nghiém theo cong thirc: C, = QUL
Trong do:
Q - tai trong quy uéc
L - tudi tho tinh bing triéu vong quay
m -1a bac caa duong cong moi khi thir vé 6 1an, m=3 véi 6 bi
Tinh L:
Goi L, Ia tudi tho cia o tinh bing gio: L= GOI-Bth
Véi L, =(10...25)10°gior tinh trong hop giam tdc, chon L, =10000
n;=120(vg/ph) la sé vong quay cua truc 1
Vay L= 220k = 22000 =70 (wrigu vong quay )
Xac dinh tai trong dong quy udc Q
Q =(XV.F +Y.F)K K,
Trong do
F., F, la tai trong hudng tdm va tai trong doc truc
V 14 hé sb ké dén vong nao quay, ¢ diy vong trong quay —V=1
K, 12 hé s6 ké dén anh huong caa nhiét do K, =1(t° <100°)
K, 1a hé s6 ké dén dac tinh tai trong. Tra %[1] , V6i va dap nhe: K, =1

XY 14 hé sé tai trong hudng tam va doc truc

Luc hudng tAm trén céc 6:
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Két qua F,,F,4, dugc sirdung tiép cho phan tinh 6 lan:

Fuo= |F4o +F4, =V6427 + 2752 =6984 N

=y 7942 + 2752 =840,3 N

2
+F_|}r11

Fr]_: Fg

x11

Luc doc truc F,=0

Vi chi ¢é luc hudng tdm nén X=1, Y=0

Tai trong quy u6c trén 60 va 1 1a:

Qo = ( XVFro + YFao)kiks = ( 1.1.698,4+ 0.0) = 768,2 N

Q1 = ( XVF + YFa)kiks = ( 1.1.840,3 + 0.0) = 924 N

Ta chi can kiém nghiém & 6 lin chiu luc [6n hon, c6 tai trong dong quy udc
Q=Q:=924 N

Vay => Cy=Q 3/L =924 .10%3/7,2=1,78<C

Vay 6 lan da chon thoa man kha ning tai dong.

d. Kiém nghiém kha ning tai tinh cta 6
Nham tranh hién tuong bién dang du ta tién hanh chon 6 theo kha nang tai tinh.

Kiém nghiém kha ning tai tinh theo cong thuc: Q <C,

Tra %[1] V6i 6 bi d& 1 diy —X,=0,6

Kiém nghiém véi 6 lan chiu luc 16n hon:F,= 4712,2N
Quw =0,6.4712,2 = 2,823 kN < C,
Vay 6 lan da chon thoa man kha nang tai tinh.

2.5.8.2 O lan truc II
a. Chon loai 6 lan
Do tinh chat hoat dong linh hoat theo cac phuong cua canh tay robot nén co luc

sinh ra luc doc truc khop 3 (vi du chuyén dong cat tinh tién theo phuong Z, cua
khau 1 s& sinh luc doc truc 1&n khop 3). Vay ta chon 6 bi dd-chan 1 day.

Nhém Sinh vién thuc hién 76



GVHD : PGS.TS. Phan Bii Khoi ‘ROBOT
3 1

b. Chon kich thude 6 lan
Theo tinh toan phan kich thudc truc, ta da chon dugc 6 lan ¢6 d=18(mm)

Tra Catalog ciia SKF ta duoc bo thong sé:
Thong s6 d(mm) D(mm) B(mm) C(kN) Co(kN)
Giatri 18 50 20 17 19

Kiém nghiém kha ning tai tinh va dong tuong tu 6 ta dugc két qua thoa man.

2.5.9. Kiém nghiém bén céc khau Robot
% Ta dung phan mém Abagqus d@é tién hanh kiém nghigm bén cho Robot

Tur két qua bai toan tinh hoc, dong luc hoc ta thu dugc luc va momen 16n nhét tac
dung Ién cac khau.

< Tatién hanh kiém nghiém cho tieng khau véi cac théng sé:
> vat liéu 1a thép vai cac thong sé nhu sau:
= Kkhéi luong riéng : D= 7800(Kg/m?)
= modun dan hdi : E=2.1e11(N/m?)

= hésbpossion : £=0.28
‘ 8 2
= Qidi han bén . 0,=6.10 (N/m?)
8 2
= gidihanchay :Oq = 3,4.10°(N/ m?)
LEEAVAYS

» Luc va momen tac dung vao tirng khau
- La lyc va momen Ién nhét thu dwoc tir bai toan tinh hoc va dong luc hoc
Fx_max=0
. Fy _max=220 (N)
Fz_max=0
Mx _max =0
. My max=0 (Nm)
Mz _max =100
% Ta thu dwoc cac két qud kiém nghiém nhw sau :
> Khau thi nhdt
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B

QDB: Job-2.0db qus/Standard 6.12-3  Tue Jun 09 13:53:55 SE Asia Standard Time 2015

Step: Step-1
Increment  30: Step Time = 3.000
Pr

» Khau tha hai

B o

0ODB: Job-2.0db Abaqus/Standard 6.12-3 Tue Jun 09 01:54: 11 SE Asia Standard Time 2015

Step: Step-1
Increment  10: Step Time = 1.000

> Khau thir ba
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ODB: Job-2.0db  Abaqus/Standard 6.12-3 Tue Jun 09 02:36:09 SE Asia Standard Time 2015

Step: Step-1 .
Increment  10: Step Time 1.000

% Tir cac két qud md phéng ta c6 sng sudt lén nhdt trén cdc khdu nhw sau :

khau the nhat khau the hai khau tha ba
= #ng sudt lén nhdt trén cac khau Ia:
o =2,74.10"(N/ m?)
Ta co:
o =2,7410*(N/m?) < &, =6.10°(N/ m?)

Nén cac khau ciza Robot dii bén.
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2.6. Thiét ké hé théng diéu khién
2.6.1. Chon ludt diéu khién

Hién nay trén thé gidi nganh khoa hoc diéu khién tu dong da co nhitng budc nhay vot
vé ca co so ly thuyét khoa hoc 1an céc thiét bi phan ctng, gidp cac ky su co thé trién khai
duoc céc thuat toan diéu khién trén Robot. C6 nhiéu phwong phap diéu khién hién dai da
duoc &p dung trén Robot nhu : Didu khién md, Didu khién tdi wu, thich nghi bén vimg. ...

Tuy nhién, phuong phap diéu khién dwa trén md hinh dong luc Robot van 1 phuong
phap kinh dién va mang lai két qua twong ddi hiéu qua cho dén ngay nay.

So db hé diéu khién cua robot: Feedback and closed-loop control

R references
Trajectory generator Control system Robot system -Plant »| Works

Sensor

Ta c6 hé phuong trinh vi phan mé ta dbi twong 1a Robot:
M(@)4+C(9,9)4+G(@) =z

Chon luat diéu khién PD bul trong luc cho robot bang cach chon tin hiéu diéu khién T
dua trén mé hinh robot sao cho ¢ dang z = Az '+ B trong do:

=4, +Kv(d,~4)+Kp(q, )
A=M(q)
B = C(q, 6) 4+ G(q)

Tir day thay vao phuong trinh vi phan chuyén dong rat ra duoc:

€+Kve+Kpe=0vsi €=0,—-9
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Co thé thay rang, phwong trinh trén c6 dang dao déng bac hai, va bang cach chon cac hé
s6 kv,kp thanh phan caa ma tran duong chéo Kv,Kp thi s& 1am hé c6 dap tng tiy vao
cach chon hé sb.

Khao sat hé dao dong tu do cd can bac hai:

—h.x

\

Phuong trinh chuyén dong mX+bx+kx =0
Phuong trinh ddc trung cho hé don vim=1tacé: s*+bs+k=0
= A=b?-4k

Pé y thay rang viéc chon cac hé s6 b va k phi hop 1am cho hé théng c6 dap (ing khéc
nhau.

+ Truong Hep 1: A =b? —4k >0 h¢ qua can- can Ién
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1.0

0.9

0.8

Dap ung he bac hai
N
\\
\\

N

T

02 0.4 0.6

0.8 1 12 1.4
¥

He co 2 nghiem thuc am va phan hiet|

+ Trudng hep 2: A=b? —4k =0 hé can téi han

1.0

0.8

0.8

0.6

0.4

0.3

0.1

Dap ung he bac hai

N

S

10 15 20
r

He nghiem kep- truong hop toi han |
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+ Truong hep 3: A=b? -4k <0 hé can nhé- dao dong tit dan

Dap ung he bac hai

WA

:\/'mwuu RRE!

A

-03 ¥
|

He nghiem phuc- truong hop can be |

Do d6, khi biét dugc céc tinh chat dong luc hoc cua hé théng robot, ta tién hanh thiét ké
bo diéu khién PD-BU trong luc cho robot trong khdng gian thao tac.

Bwéc 1: Ta thiét ké quy dao cho robot

Xay dung quy luat cho robot chuyén dong trén duong tron duong kinh R=0.15(m),
toa do trong tm C(xC,yC). Khau cudi Robot chuyén nguoc chiéu kim déng ho va di
chuyén véi quy dao cung cong bién doi 1a ham béc 3, trong thoi gian t=[t0; te ],vi tri dau-
cudi 1a @=[ @0, pe] van téc dau va cudi bang [w0, we]
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o
/ o 2
////// R
///
/
/
i
X

XE = Rcos(¢(t))+xC
YE =Rsin(p(t))+yC VOi o) =a,+at+a,t*+a;t’.
zE =0.135

Tir cac diéu kién dau-cudi vé van tdc trong khoang thoi gian [t0,te] ta c6 hé phuong trinh:
Po =8y +ayly + azto2 + a3t03
@, =a, +2a\t,+3a;t,’

¢e = a‘O + alte + a2t62 + a3te3
o, =a, +2a,t +3at?

Pua hé phuong trinh trén vé dang ma tran dé thuan tién cho viéc tinh toan va 1ap trinh
sau nay: Tga=Db => a=Tg'b
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1t t?> t° a,
0 1 2t 3t°
1 t. t t, a,
0 1 2t 3t? a,
0
0
6
h = —
eso_a 251:
4
125 |
4 6
¢:=—1—25 3TI:+EZ215
_ 4 36 2
xE : Rcos[ 23 rm 25 nj + xC

. 4 3 6 »
FE:=-R — T — — C
y. s1n[ s T 25 nj +y

zE =0.135

Sau khi tim duoc c4c hé sd, ta tim duoc biéu thirc cia van toc va gia tde dat caa diém tac

dong cudi E

XE, =—Rsin(p) ¢ XE,; =—R[sin(¢)$+cos(p)¢°]
YE, =Rcos(p)g va 1 YE, = R[cos(¢)¢ —sin(p)¢°]

7E, =0 7E, =0
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Luongs dat xE

B NETA
EEENAR

N\
/

/

/

N

J R SAN
-I}.E- \
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Luonz dat zE

0.12

004

0.02

zE

zEd

zEdd |

Buwdc 2: Cau tric so do diéu khién

Mx(a)

Kin(a)
i

J(a)

Robot
System

J(@)

V(a,4)+G(a)
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L4 ]
1 1
N r N 2
/4 - A i - Z A *A A H H
Buwdc 3: M0 phéong bang cac khoi dieu khien Simulink
Ed - Ed
L—»E »E:
Evd Evd Interpreted Interpreted
—: e T
o Ha Tinh T Kin(g/==E Hien Thi
’7 Bo dieu khien FD
Interpreted
i B
Jtg= Ev
A A A 2 .
Mot so ket qua dat dworc:
#EdwarE
0s ‘
: Demux1ii
: = = Demux10/1
v f
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Hinh 2.15 D6 thi qui dao dat XEd va quy dao thurc XE
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Hinh 2.18. Bé th; sai s¢ cia quy dao theo 3 phirong x-y-z

2.6.2. Mé phéng bang Matlab Sumulink - SimMechanics

Bang viéc md phong ngoai viéc kiém ching tinh dung dan cua qué trinh thiét ké tinh
toan hé théng diéu khién con mang lai cho ching ta cai nhin truc quan hon vé cac thao
tac cia Robot. Do d6 trén thé giéi hién nay ciing trang bi rat nhiéu cac cong cu hd tro
viéc md phong nay bao gdom ca nhitng phan mém ciia cac hang ndi tiéng vé ché tao Robot
( KUKA, MITSUBISHI) cho téi nhitng hdng phan mém thuan tuy thiét ké co khi va tinh
toén (MATLAB, CATIA, SOLIDWORKS) déu c6 nhiing tac vu riéng biét duoc tich hop di
kém bo phan mém cung cap.

Song song Vi viéc hoc tap nhom sinh vién c6 co hdi tiép can véi cong cu
SimMechanics mot ¢ng dung rat hay duoc tich hop trén phan mém thiét ké 3D va
Sumulink trong Matlab. Qua viéc mé phong bang cong cu nay gilp cho sinh vién hiéu ro
hon méi quan hé gitta Co khi — diéu khién tu dong.

Cac buwéc mo phéng :

Trude khi budc vao viéc md phong bang SimMechanics ching ta can c6 mot .xml file
dé nhung vao mai truong MATLAB bing cong cu SimMechanics link trén Solidworks.
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Hinh 2.19. So d@6 khéi Robot

Budc 1: Xay dung tin hiéu dat

Tin hiéu dat Ia tin hiéu mong muén caa nguoi lap trinh dung dé diéu khién Robot,
Cac tin hiéu dit s& duoc dit ¢ cac khap va tuy theo mirc @6 chinh xac ma c6 thé dat &

mtc d6 tdi wu bai toan.

Tin hiéu dat trong bai toan nay duoc dit & cac khép quay caa Robot (vi tri, toe d6 goc
va gia toc goc cua khép). N6 xac dinh bang viéc thu két qua mong muén tir bai todn dong

hoc nguwoc, dong luc hoc nguoc .

Xay dyng tin hiéu dit bang viéc 1dy két qua tir dit liéu Maple s& duogc load vao Matlab
bang khoi from workspace véi dir liéu duoc load tir m. file nhu bang.

dulieul [— dulisu2 [(—

DAT 1 DAT 2
tg = [ma tran thoi gian thuc]; tg = [ma tran thoi gian thuc];
gl = [ma tran goc quay theo thoi g2 = [ma tran goc quay theo thoi gianl];
gianl; tdg2 = [ma tran toc do goc quay theo thoi
tdgl = [ma tran toc do goc quay theo gian];
thoi gianl]; gt2 = [ma tran gia toc goc quay theo thoi
gtl = [ma tran gia toc goc quay theo gian];
thoi gian]; dulieul.time = tg;
dulieul.time = tg; dulieul.signals.values = [g2,tdg2,gt2];

dulieul.signals.values =
[gl,tdgl,gtl];
dulieul.signals.dimensions =3;

dulieul.signals.dimensions =3;
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Budc 2 Xay dung bo diéu khién PD

Khéi PD xay dung dya trén tién hiéu duoc dat va tin hiéu phan hoi dé qua dé co thé
diéu chinh dua t6i khop vai sai 1éch bé nhit.

Out1

Hinh 2.20. So d6 bé diéu khién PD
Budc 3 Xay dung khéi dé dinh vi khau thao tac

Dé ¢ thé do dac vi tri ciing nhu cac thudc tinh & mdi thoi diém hoat dong cua khau
thao tac Robot ta can phai dat mot cam bién 18n khau d6. Do 1a vai co so ly thuyét la vay,
v6i Matlab sé& trang bi khdi Body sensor dé gitp chiing ta dé dang c6 duoc diéu d6 cing
véi XY Graph.
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Hinh 2.21. Khéi dinh vi khau thao tac
Budc 4 : Chay két qua

Hinh 2.22. So do téong quéat
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3 1

Vi vi du la duong cong tron nam trong pham vi kich thudc gia cong (30x40) cho ta
duong cong nhu hinh. Do trong tinh todn c6 viéc lam tron sé va viéc thiét 1ap khoang thoi
gian con roi rac ciing nhu viéc dinh hinh Robot chua duoc chit ché nén két qua con co do
chinh xac chua thuc sy cao nhu mong doi. Néu c6 duoc su hd tro caa may moc va thoi
gian tim hiéu, nhém tin rang day khong phai van dé qua khé.

-] XZ Graph = = -] Machine for maodel: test3 = =
View Simulation Model Help E
XY Plot HeateoedelH o+ » B0z
0551 : T T T -
R
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<0553

-0.654 -
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0567 1 L . 1 L . .
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X Axis L4 l X

Hinh 2.23. Biéu dién quy dao khau thao tac
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CHUONG IIl. KET LUAN

v Nhiing két qua co dugce

- Duya trén cac phan mém da ning MATLAB va MAPLE d3 xdy dung cac chuong
trinh tinh todn dong hoc nguoc, dong luc hoc nguoc va diéu khién truot Robot
chuyén dong dua trén mot phép toén.

- Tim duoc mdi lién hé gitta cac bién khop va vi tri toa do diém cudi tir d6 xay dung
ra dugc quy dao chuyén dong thich hop.

- Xay dung duoc bai toan diéu khién va mé phong quy dao chuyén dong khau thao
tac dap ung tin hiéu dit mong muén véi cong cu Simulink-SimMechanics tich hop
trén Matlab.

v' Dinh hudng phat trién tuong lai

- Céac két qua co duogc s& 1a budc dém cho tu duy vé thiét ké Robot do vay ¥ tuong
clia nhom trong tuong lai s& cho san pham Robot han hoan thién thyc té va ngoai
ra c6 thé ang dung né vao cong viéc hdi hoa vai mong mudn cho ra Robot viét
chir hay vé tranh.
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