[DE CUONG CHUO'NG TRINH DAI HOC]

Bai tap 16'n R6 bot cong nghiép: Tinh toan va thiét ké Ro bot scara
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Do phan giai cac khop

Pg1=0,006"

Pg2=0,006"

pg3=0,1mm

Pg«=0,15"

Kich thudc phoi
Xp=24mm

Yp=24mm

Zp=34mm

Khéi lugng m=90g



[DE CUONG CHUO'NG TRINH DAI HOC]

Khoang cach tir tay kep dén bang tai 1,2
Zp1=270mm

Zp2=260mm

Toa do diém dat phoi trén bang tai 1
Xp1=720mm,Yp1=520mm

Toa d6 diém dat phoi trén bang tai 2
Xp2=620mm,Yp2=570mm

Goc dat phoi :

=70

Dong co st dung dong co budc
Thoi gian van chuyén phoi tir A-B

T=3,4s

| .tinh hoc va déong hoc tay mady

/1 Robot

ypl
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¥
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1) Kich thwérc cac khau tay may

a) Khau s 4
Tay kep dung dé gap phoi
Phéi co kich thudc 24x24x34
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= . R .
Do rong toi da cua tay kep ta chon 30mm do rong toi thiéu cua tay kep bang kich
thudc cua phoi 24mm
Chiéu dai ngon tay kep >= d6 cao caa phdi =>chon do dai 1a 35mm

b) Khau sb 3 (khau tinh tién)

Piém dat phoi c6 do cao tir 270-260mm va chiéu dai tay kep 35mm

Ta chon chiéu dai I3 t6i da ciia khau thir 3 laf 300mm
g3 nam trong khoang tir 200- 300mm

¢) khau sé 2 va khau s 1

toa do diém dit phoi trén bang tai 1 =7

L1+ 12 >=v7202 + 5202 =888mm

Toa do diém dat phdi thtr 2 G=ao

11+ 12=v7202 + 5702 =842mm

' chomfT=506—7="45¢"
d). Truc c6 dinh tay may (khau s 0)

chiéu dai lo cua khau s6 0
khoang cach tir tay kep dén phoi.do dai toi da cua ga.chiéu dai tay kep > lo>

khoang cach tir tay kep => d6 dai tdi thiéu cua ga chiéu dai tay kep

595>= |p >=495
Chon lo =550mm

2>Dong hoc thuan tay may

Bang dong hoc D-H
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khau di i
1 0 g1 1 0
2 0 02 I2 180
3 g3 0 0 0
4 0 g4* 0 0

- 1* 0 2.cos 1*

[ 1

[ 1
1 0 0 O

0 cossa —sin 4 0

bat Cosqgi+=c1
Cosgz+=c2

S12=sin(qu++02+)
0= 10, 51 32,3
=> 40=

sinqi*=s1
sing2*=s2

C12=C0S(Q1*+02*)
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[DE CUONG CHUO'NG TRINH DAI HOC]

S0, + 558, b+ T80 - Oa8y b 51550, — 0o, ) - C)IC 0, +5554)
1 ]
0 1]

Hé phuong trinh x4c dinh vj tri cua khéau tac dong cudi:

=212+ 11
=t

3>.Pong hoc ngwoc tay may:

0 aylyy +a4
0 a«,511+a|51

2 2 2 2
Xp2= [2"c2” + li7c1™ + 2l1l2cicr2

©
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[DE CUONG CHUO'NG TRINH DAI HOC]

2 2 2 2
Yp2: I2"s12” + l17s1™ + 2l1l2s1812

2, 2
Xp2+Yp2: I1712" + 2l1l2(C1C12 + S1812) = 112 +122+2l1l2c2

242- 1222

=>C0Ss 2=

212

Thé c1 s1vao phuong trinh;

(al+azcz)xpt+azszpyp

=>C1 =

S L2y

d3:-Zp

Theo ma tran H40 ta co:
Nx =cos (g1 + g2 —g4)
Nz,Ny,Nz l1a cac vée+&~dnn vi.

sin(q1 + g2 -q4) = V1 —

2 qa=qge-artan( 1-2)

hé phwong trinh dong hoc nguoc cua rd bt :

(1+22) + 22

cos 1=

sin 1= (1t 22) — 22
1=atan( ) —_—

cos 2= —
Sln 2 =\/1——L
2=atan( 2 2)
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ds= -

4> Quy luat chuyén dong cua céac khop :
Gidi han gbc quay cua cac khau :
gi= -960 -> +960

= -115° > +115°

nhu vay khong gian 1am viéc ma tay may c6 thé véi téi 1a toan bo hinh tru c6 duong gisi

han day nhu hinh vé bén dudi
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[BE CUONG CHUONG TRINH DAI HOC]

(-9¢°) (96°)

Hinh 2.5: Gidi han goc quay cua 2 khop.

Hinh 2.6: Gidi han khong gian lam vi¢e cua robot Scara Serpent.
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qu(t) = a3t3+azt2+a1t+to

2
o-=at+2a2t+a1 *
1(t) =6ast+2a24.1 >quy luat chuyén dong cua khau tac dong cudi cé phuong trinh dong hoc cia rd bbt

T T+ 2 2
Cosq1=
Sing1= (1+2 2) -2 2
Cosge= 2127 12=32
Singe= V1 — 22
ds= -Zp

qa=qu+qp-atan(¥1- 2) _

tai vi tri diém gap phéi A :
Xpa=720mm

Ypa=520mm
L3=zpa=-270mm

Q4=0

L:=500mm

L2=450mm

= cosq2A:7202+5202_5002_4502 =0,7473 2.500.450
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=

0
2a=42

(500+450.0,7473).720+450.5in42.520

COs( =
n 720245202

q1A:160

tai vi tri dat phoi B :
=70
Xp=620mm
Yp=570mm

L3=Zps=-260mm

7202+5702-5002—4502

Cosqes=

720245202

q2|3=520

(500+450.0,57).620+450.5in52.570

Cosqis=

620245702

Q1s=19°

Quy luat chuyén dong cia khép 1 va khép 2 ¢ dang :

-~

\Thay céc thdng s vira tim duoc qua bai toan dong hoc nguoc vao hé phuong trinh (*)
ta duoc :

Quy luat chuyén dong cua khép 1 :
1()=-0.1533+0.782 + 16
{i()=-04592 + 1.56 () =—0.918 + 1.56
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Quy luat chuyén dong ctua khép 2 :

2()=—0.5093 + 2.6 + 42

20=-1527%+52

Quy luat chuyén dong cta khau sé 3 va khau sb 4 tuong tu diém cudi caa khau sb 2
chi khac nhau toa d6 Z

Str dung matlab md phong chuyén dong cua roobot ta duoc :

Do thi van téc :

do thi van toc
35 , T

truc y(rad/s)

0 0.5 1 15 2 25 3 35
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D thi gia toc :

truc y(rad/s?)

do thi gia toc
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[DE CUONG CHUO'NG TRINH DAI HOC]

Do thi vi tri ;

do thi vi tri

truc y(rad)

0

; 3 35
truc x(s)

16
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Khéng gian lam viéc cua robot :

khong gian lam viec

truc z

1000

500
1000 1000

truc ¥

Code matlab cho chuong trinh mé phong :

qd1A =0; qd1B = 0;% gia toc khop 1

qd2A =0; qd2B = 0;% gia toc khop 2

g3A = 270; q3B = 260; qd3A = 0; qd3B = 0;%vi tri, gia toc khop 3
g4A =0; q4B = 70; qd4A = 0; qd4B = 0;%uvi tri, gia toc khop 4
11=500;12=450;%chieu dai khau 1, 2

px1 =720; pyl = -520; pzl = -270;%toa do phoi vi tri ban dau

17
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px2 = -620; py2 = 570; pz2 = -260;%toa do phoi vi tri cuoi
s = 3.4; %thoi gian
e=300; %tao khoang chia
S/l ]
% tinh goc quay q1,g2 tai vi tri dau,cuoi
C2A = (px1"2+pyl1”2-1112-
1272)/(2*11*12); s2A = sqrt(1-c2AN2);
g2A = atan(s2A/c2A);
qlA = (atan(pyl/px1)-atan((12*s2A)/(11+12*c2A)));
C2B = (px272+py2/2-1172-1272)/(2*11*12);
s2B = sqrt(1-c2B"2);
g2B = atan(s2B/c2B);
g1B = ((pi+atan(py2/px2))-
atan((12*s2B)/(11+12*c2B))); format short
%xac dinh quy luat chuyen dong cac
khopa=[0001

s"3s"2s1

0010

3*s"2 2*s 1 0];
bl =[qlA;q1B;qd1A;qd1B];
b2 = [q2A;02B;qd2A;qd2B];
b3 =[q3A;q3B;qd3A;qd3B];
b4 = [g4A;q4B;qd4A;qd4B];
x1 =a(-1)*b1,
x2 = a™(-1)*b2;
x3 = a™(-1)*b3;
x4 = an(-1)*b4;
t = linspace(0,s,e);

yl=x1"
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gl = polyval(y1,t);

yd1 = polyder(yl);

qd1 = polyval(yd1,t);
ydd1 = polyder(ydl);
qddl = polyval(ydd1,t);
y2 = x2';

g2 = polyval(y2,t);

yd2 = polyder(y2);

qd2 = polyval(yd2,t);
ydd2 = polyder(yd2);
qdd2 = polyval(ydd2,t);
y3 = x3';

q3 = polyval(y3,t);

yd3 = polyder(y3);

qd3 = polyval(yd3,t);
ydd3 = polyder(yd3);
qdd3 = polyval(ydd3,t);
y4 = x4';

q4 = polyval(y4,t);

yd4 = polyder(y4);

qd4 = polyval(yd4,t);
ydd4 = polyder(yd4);
qdd4 = polyval(ydd4,t);
format rat

%doi voi khop tinh tien g3
plot(t,a3,'9)

figure

plot(t,qd3,'g")

figure
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plot(t,qdd3,'q)

figure

%doi voi cac lhop quay g1, 92, g4
plot(t,q1,r',t,02,'y',t,04,'k’)

title(‘do thi vi tri")

xlabel(* truc x(s)")

ylabel(‘truc y(rad)")

grid on

figure

plot(t,qd1,r',t,qd2,'y",t,qd4,'k")

title('do thi van toc")

xlabel(' truc x(s)")

ylabel(‘truc y(rad/s)")

grid on

figure

plot(t,qdd1,'r',t,qdd2,'y',t,qdd4,'k")

title('do thi gia toc")

xlabel(* truc x(s)")

ylabel('truc y(rad/s"2)")

grid on

%xac dinh vi tri diem tac dong cuoi

9=q1+q2;

figure

x0=0;y0=0;z0=0;plot3(x0,y0,z0,'0")

grid on

x00 = zeros(1,300); y00 = zeros(1,300); z00 = zeros(1,300);
x11 =11.*cos(ql);y11 = 11.*sin(ql);z11= zeros(1,300);

x22 = (11.*cos(ql)+12.*cos(q));y22 = (11.*sin(ql)+12.*sin(q));z22=zeros(1,300);
x33 = (I11.*cos(gl)+12.*cos(q));y33 = (I11.*sin(gl)+12.*sin(q));z33=-q3;
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hold on
for i=1:5:300

P11=[x00(i) x11(];
P21=[y00(i) y11()I;
P31=[z00(i) z11())];
plot3(P11,P21,P31,-0)
title('khong gian lam viec')
hold on

P12=[x11(i) x22(i)];
P22=[y11(i) y22(i)];
P32=[z11(i) z22(i)];
plot3(P12,P22,P32,-*")
title('’khong gian lam viec')
hold on

P13=[x22(i) x33(1)];
P23=[y22(i) y33(i)];
P33=[z22(i) z33(i)];
plot3(P13,P23,P33,'-+")
title('khong gian lam viec')
xlabel(‘truc x")
ylabel(‘truc y")
zlabel('truc z')

end

I, PONG LUC HOC TAY MAY
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Cac thdng sd cua robot :

[DE CUONG CHUO'NG TRINH DAI HOC]

Khép 1 Khép 2 Khép 3 Khép 4
Bien ql g2 g3 g4
Chiéu dai 500 mm 450 mm 300 mm 0
Khoi lugng M1 M2 M3 M4
Van toc V1 V2 V3 V4
Chiéu dai khoi {250 mm 225 mm 150 mm Lg4
tam

Khéi lvgng nam & giira cac thanh

Hé quy chiéu gan véi truc toa d6 00 Xo Yo Zo trén khép thir nhat. khi d6 mit phang

0o Xo Yo Zo 14 mip phang dang thé

Bang viéc sir dung solidwork thiét ké cac khau caa roobot véi vat liéu la thép ché tao

may ta c6 duoc khdi luong cac khau cia roobot nhu sau :

M1= 314 gam
M2= 111 gam
M3= 146 gam

M4= 12 gam

Quy udc trong lugng nam & gitra cac thanh nén ta c¢é chiéu dai khéi tam cua ca khau 13 :

+ khau 1 : Ig1= 250 mm

+ khéu 2 : 1g2=225 mm

+khau 3 : 1g3= 150 mm

+khau 4 = lg4

22
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1, Iwc tac dong 1én cac khau
a, khau sb 1:

- La khau ndi truc may va khau sé 2 va chuyén dong cua khau sé 1 1a chuén dong quay
- CAc lyc tac dong Ién khau sé 1 bao gém : trong hre cua khau , luc tac dong véi khau
truc ( khau s6 0) va véi khau 2,3,4

b, khau sb 2 :

N&i véi khau 1 va khau 3 ; chuyén dong la chuyén dong quay

Luc tac dong 1én khau 2 bao gom trong luc cua khau , luc twong tac véi khau 1 va
khau 3, 4

c, khausd 3 :

La chuyén dong tinh tién

Luc tac dong 1&n khau 3 bao gom trong luc khau , lyc twong tac véi khau 4 va khau
2

d, khau 4 :

Chuyén dong quay , 1am nhiém vy gap phoéi

Luc tac dung bao gdom trong lugng khau , luc tuong tac voi khau 3 va trong luong

cua phoi
2, Pong nang cta cac Khau tay may va thé ning

a, khausb 1 :

¥; = lg; sinq; = 250 sin g4

{:9;1 = lg, cos g7 250 cos g4
{1= 1iii= = 0
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|:> . . .
12=12+ 12+ 12

= Giny o
- Théning cuakhau: 1=0

+ 4 (cos i) RN O]

- DoOng nang :
1=12 112+ 12142 i
Trong dO :.:momenquénlinh khop 1

1 tée do gbe khop 1

2 2+1 2

b, khau sb 2 :

2=1cos1 +1cos(2+ 1)
{2=1sin1+1sin(2+1)2=0

'=— sin - sin( + (+)

(+7)cos

- Pong nang khau sd 2 :

— 2 2
2

2

aor

Thé ning 2=0



sin

0

v
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-  Dongning khau $6 3

3=21

3

- Thén

332

3 h3=

d, khdu s 4 :
4= 1cos1+2cos(1+
{4=1sin1+2sin(1+2)4=-3

a0 & ha G4

sin

ang khau so 3 :

3=1
(3=1sin1+2
T2
-
o]
2 2
3(=3)=-3(3)
- 2
-
:(J
1 .2
2 2

sin(

2)

sin(

1+2cos(1+2)

3=—3

+(+)

+9+2

+)(+)

+2

00
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- thé nang khau s6 4:

4= s ha=—43

* tong thé ning :

=1+2+3+4
=0+0 +(' 3 3+ 19 3)
= (3+493
- Tong dong nang:
1 2
= 2()2 1 1) 2 [20)2 ( )2 ( 2

3, thiét 1ap phwong trinh vi phin chuyén dong

- Ham Lagrange cua hé thong :

— (- _— + +

+) trong d6 : : momen dong tai khop i
- luc tac dong tai khop i

a, tai khausb 1 :
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— O+- 2'+2)+(2+")cos | ]
+ 2742 +2 2+9)]
+_1 22+ 2 2+2)+2 2+9)]
_ ) = [2 T+ ! “+ [#+ +9 +((2'+
) cos F(Esi)EEN = 122 2 @)+ - 1+
N—noo
- =0

=1 [ (2+2) +2 ‘cos |+ "+ ! (2 +2 7]
+ [2@+2)+2 ]
+) )=11_ | [} | (2“+%) +(§)cos | | —'sin‘)z 1+‘
.- g1 2 o @ v
)
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+) 2= 0
+)_=u
=

Quy Iuat_t()gén thién momen khau sé 2 ( khép 2)

c, khau sb 3 :

+) —-a - 1= @
=( 3" 4 )
) T + )
2 3:_(3+ 4)
+)

+)h ha4e hd hi ¢ wo 0 hia &6 thém trong lugng phoi suy ra luc 3 thay doi
d, khau so 4 :
+) .
+) ()=
+) -
+) im0
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+)_:O

Quy lugt bién thién momen khép 4 :
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