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DE THI HOC KY |
MON: ROBOT CONG NGHIEP
Thai gian: 90 phat (Khdng ké thoi gian phat dé)
(Sinh vién duwoc phép siz dung phan mém Matlab 30 phut cudi gio)
[ O IRYZ=  (=] TR MSSV: o

Cho K 1a 2 s6 cudi cia ma sé sinh vién. Sinh vién chi y sir dung K tién hanh giai cac cau héi
,  ciia dé thi
(Lwu y: Neu K la gia tri truyen vao cac ham lwgng giac thi K sé ¢6 don vi la d9)

Cau 1: (2.0d) Tim ma tran chuyén dbi dong nhat tir hé toa do A sang hé toa do B biét:

. Phép tinh tién toan phan lan luot Ia: . Phép xoay toan phan:
o Tinh tiéﬁ truc x mot doan 4K [mm] o Xoay truc z mot goc K [dd] sau do
o Tinhtién truc y mot doan 2K [mm] xoay truc x mot géc -K [dd]

o Tinh tién truc z mot doan 3K [mm] 4 o]
cm

Cau 2: (2.0d) Cho hé truc Robot chua hoan chinh nhu
hinh bén:

a) Hoan chinh céc hé truc toa do theo nguyén tic
ctia hé truc toa do Descartes va Tim H7 (1.0d)

2 S, . 8 [cm
b) Cho diém B c6 gié tri toa do trong hé toa do6 so fom]

2 la ?B =[-5; —4; —3], em hdy tim toa d9 cua
diém B trong hé toa d6 s6 1 [*B =?] (1.0d)

Cau 3: (2.0d) Cho Robot ¢ co cAu nhu hinh va céc
thdng s6 cua robot nhu hinh bén, véi cac bién khop lan

luot la: 01, d1, d2

l, =100[mm] 1, =50 [mm] —¢—
|, =50 [mm] 1, =100 [mm] : :

Dit hé truc toa d6 Descartes day du theo nguyén tic cia ~ ,............. :
Denavit — Hartenberg cho hé robot va thanh 1ap bang
thong s6 Denavit — Hartenberg day du cho hé Robot.

(15d)

Tim vi tri Pee dang tong quat va vi tri Pee khi
l, =100[mm] |, =50 [mm]

(0.5d)
[, =50 [mm] I,=100 [mm]

Cau 4: (4.0d) Cho hé théng Robot loai bo phdi 15i bang
dau tay gap st dung tay may robot UNIVERSAL UR5
nhu hinh sau:




Sensor 1 EJ

Sensor 5

Biét 2 bang tai duoc 2 dong co khong dong bo 3 pha truyén dong, chu trinh sir dung cam bién
c¢6 dic tinh nhu sau: Sensor 1 va Sensor 4 1a camera xir ly anh tra vé dién ap 0 [VDC] khi san
pham t6t va tra vé dién &p 1a 24 [VDC] khi san pham bj 16i. (Xem nhu ngudng 15i da dugc diéu
chinh sin). Sensor 2, 3, 5, 6 1a cac cam bién quang khuéch tan loai NPN va vi tri caa cam bién hay
khoang cach gitra cac phoi da duoc tinh toan sau do dt ¢ vi tri phu hop voi toc do cua bang tai.
Ngoai ra hé thong c6 két ndi thém 1 nat ding khan Cap (E_STOP) va 2 cam bién an toan (Safe
Sensor) loai PNP (12VDC) ca 3 thiét b trén déu két ndi truc tiép vao ta robot. Yéu cau cua chu
trinh hoat dong nhu sau:

Bing tai 1 hoat dong chuyén phdi di vao lién tuc, bat cir khi nao Sensor 1 béo ¢ xuat hién san
pham 13i va san pham 16i vao dting vi tri tac dong cua Sensor 2 thi dimg bang tai va cho robot gip
san pham 15i tir bang tai s6 1 sang bang tai s6 2 dé phan loai muc do 16i. Ngay khi san pham 15i da
duoc gap di thi cho phép bang tai 1 hoat dong tré lai. Robot quay vé vi tri Home ban dau dé cho
phdi 15i tiép theo. PoNng thoi Sensor 3 tac dong béo hiéu phoi 16i da duoc dua dén thi IGc nay xét
trang thai cam bién 4 dé phan loai mirc d6 16i nhu sau:

+ Sensor 4 tra vé muc dién ap 1a 0 [VDC] thi 15i nang chuyén ph6i vé phia dau B dé tiéu hay.

+ Sensor 4 tra vé mirc dién &p 1a 24 [VDC] thi 15i nhe chuyén phdi vé phia bang tai A dé tai tao.
Sensor 5 va 6 1a 2 cam bién ¢ 2 dau A va B cua bang tai 2 bao hiéu san pham 13i da duoc chuyén
ra khoi quy trinh phan loai (Quy udc chiéu thuan cia bang tai 1a chuyén dong vé huéng A cua
bang tai s 2)

a) V& bang tén dia chi 1/0 va so dd dau day cho cam bién, bang tai vai ta diéu khién robot.  (1.0d)

b) V& xéc dinh céc diém chuyén dong va so d6 quy dao chuyén dong ciia dau tay gap (0.5d)

¢) Viét chuong trinh nhanh (Thread) diéu khién cac bang tai (0.5d)

d) Viét chuong trinh chinh diéu khién tay may robot theo chu trinh néu trén. (2.0d)
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Néi dung Piém
cos(K) —cos(K)sin(K)  —sin®*(K) 4K
ohio R °P _| sin(K) cos?(K) cos(K)sin(K) 2K 2.0 d
° 0 —sin(K) cos(K) 3K
0 0 0 1 0 0 0 1
Hé truc hoan chinh nhu hinh duéi: Tong: 2d
4 [em]
8 [cm]
Y2 1
X2
Tinh H;
R? =R,(-90)R, (180) = R (180)R, (90) = R, (180)R (90)
-1 0 O
=0 0 -1
0 -1 0
T hinh ta co:
104
'P,=[-8 4 5]
-1 0 0 -8
: 'P, 0 0 -1 4
jHl2= Rl 2 —
0 -1 0 5
0 0 0 1 0O 0 0 1




'‘B| ,,, [°B|_|0 O -1 4 41 104
1] ' 0 -1 0 5| |-3]
0 0 0 1 1 1
-3
='B=|7 [=[-37 9
9
a) Hé toa d6 dugc dit nhu hinh sau: Téng: 2d
ls
0.25d
Do la bai toan da nghiém nén dap s6 bén dudi sé dwoc trinh bay é dang tong quéat
b) Bang D-H:
Zi 1 Zi% i a «; d o, Xi1%Zia
Z,2,% 1 0 0 I o, Xo X, Z,
2,Z,X, 2 0 0 I, +d, 0 X, X,Z;
Z,2,X, 3 I, +d, 180 0 0 X, X2, 104
Z,Zce Xep 4 0 0 l, 0 XaXeg Z3




[c, -s, 0 O 100 O
s ¢ 00 010 O
C) Hé = ! 1 le =
0 0 1 I 0 0 1 d+I
10 0 01 000 1
1 0 0 d,+l, 1000
. |10 -1 0 0 « |01 00 0.75ad
H,) = HEE =
1o 0 -1 0 * 1o o 11
0 0 0 1 0 001
HOEE = Hé X Hf X HZ3 X H3EE
¢, s 0 c¢(d,+1)
s - 0 s(dl) ad; +L)
:>H(;EE: (; Ol 1 d b |2 |2 | =0 PEE: 51(d2+|2)
TR d,+1,+1, -1
0 0 0 1 1T
a) Bang 1/O: Téng: 4d
Input name Address Output name Address
Sensorl DI.0 Conveyorl D0.0 0.25d
Sensor? DI.1 Conveyor2_T D0.1
Sensor3 Dl.2 Conveyor2_N D0.2
Sensor4 D1.3 Gripper tool_out[0]
Sensorb Dl.4
Sensor6 D15
Luu y: Sinh vién duoc phép cu hinh céc chan 1/0 khac c6 cling chire ning cho ti.
So dd dau day:
Cam Bién:
424 [vDC] 424 [vDC] 12 Vo]
= = L
424 [vDC] 424 [VDC] T 12 (Vo]
sensor? | NPN = RL2 d Sensor5 | NPN RL5 d safe2 | PNP | RL8 '_|
I
I L 1 0.25d
424 [vDC] 424 [vDC]
Sensor3 M;/ Sensor6 | NPN RL6 d
L




Pong co 3 pha:

T220 [VAC]
L1 | |
t% RL9 RL10 RL11
Al Al Al
K1 K2 K3
A2 A2 A2
=
N §|<1 § §K3
g/lg
Conveyor 1 Conveyor 2
Tu Robot:
i Input: : Output: ! Safety:
e uy)| — b o l2avi|  —]
RL1 RLS ; RO } E_Stop 1
DIO — DI4 — : DOO | El0 —
un| L 28| — i 0V Pl2av|
RL2 RLG . ;
DIl — DIS — i DO1 @ PloEn 7:|
24V | e i 0[v] V]| |
RL3 | ? :
. RL11 :
oI2 | Power: i 002 s — | RL12
PWR : 1
24 [V] 1 i 0Vl V|24 [vI —
RL4 GND | : RL13
DI3 j _L i D03 si1 —:l
24V |
ov 7J |
b) So dd quy dao cua canh tay robot:

Wp5

0.25d

0.25d

0.5d




c)

d)

Threadl

Thread?2

— if

— else

— Set Conveyorl = On
—— Wait: (Sensorl == Hi)
— Wait: (Sensor2 == Hi)
— Set Conveyorl = Off
—» Wait: (Sensor2 == Lo)
— Wait: 1.0

— Sync()

— Set Conveyor2_T = Off
— Set Conveyor2 N = Off
—> Wait: (Sensor3 == Hi)
— Wait: 1.0

Sensord == Hi)

— Set Conveyor2_ T =0n
I—» Wait: (Sensor5 == Hi)

L) Wait: (Sensor5 == Lo)

— Set Conveyor2 N =0n

—» Wait: (Sensor6 == Hi)

—— Wait: (Sensor6 == Lo)

— Sync()

Robot Program

— Move

— Movel

Waypoint_1

Wait: (Sensorl == Hi)
Wait: (Sensor2 == Hi)

Set Gripper = Off

Set Payload: EmptyGripper
Wait: 1.0

LELLLY

— Movel

Waypoint_2

Set Gripper = 0On

Set Payload: GripperHolding
Waypoint_3

L

=
Q
<
e

r

Waypoint_4

—

Waypoint_5

Set Gripper = Off

Set Payload: EmptyGripper
Waypoint_6

L

—— Movel

r

Waypoint_0

0.25d

0254

20d




Tiéu chi chAm diém chwong trinh robot:

Chuong trinh kiém soat dang diéu kién dugc phép chay robot 1.0 4
Chuong trinh kiém soat diing loai quy dao 05d

Chuong trinh kiém soat dung ca phap va thoi diém bat tit dau tay gap 0.5 d




