ME 576 Homework #7

1. Bollinger 8.7

AG
A /H/\r error (E)

A% R

The error, E, is
E=R (1— cos%]

Since R is 5” and max. error should be 0.001”

A =2cost (1—Ej
R

=2c0s™ (1%} =0.04rad = 2.29°

The length of the straight line segment is
- AH - n
L=2R smT =2x5xsin(0.02) =0.200

Time required to traverse is

At = £ 2 0:200760(5) _ 4 p0sec
v 300" (min)




B.C. for the first three segments

i t, 7/ X(t.) = Rcos(6,) y(t) = Rsin(8)
0 0.00 7 0.000 5.000
1 0.04 7/ ~0.04 0.200 4.997
2 0.08 7/, -0.08 0.400 4.985
3 0.12 7/ -0.12 0.599 4.965

Equations for linear interpolation

) =10+ (11, A0 X)

y(t) = y(t,,) +[ (t _t“)]'w




2.

Bollinger 8.10

d—y =15 d—y = 1.17
dxt:O Xt:4
R:[r(ti) I'F(ti) r(tf) r(tf):l
r(t)=A-b(t)
i)  Use asingle spline
R _1 277 10 3.25
|1 416 45 338
0 O (4)3 3(4)2 0O 0O 64 48
5|0 0 4? 2(4) |_(0 0 16 8
0 1 4 1 0 1 4 1
1 0 1 0 1 0 1 0
0 0 64 48]
L, |1 277 10 325(0 0O 16 8
A =R-B" =
1 416 45 380 1 4 1
1 0 1 0

0.0951 -0.5114 2.7735 1.0000
0.3882 -2.3741 4.1603 1.0000
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ii) Use three splines as in problem 3.

Segment 1.
1 277 4 5
11 416 4 0
0 0 (1.33° 3(1.33))] [0 0 237 533
50 0 (1.33)> 2(1.33) | |0 0O 178 267
lo 1 133 1 0 1 133 1
1 0 1 o | 1 0 1 0
0 0 237 5331
L 1 277 4 50 0 178 267
A =R-B*=
1 416 4 0|0 1 133 1
10 1 0

1.8413 -2.8478 27735 1
-0.1911 -1.1779 4.1603 1
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Segment 2.

R {4
214
(1.33)°  3(L. 33) (2.66)°
_|@ssy 2 33) (2.66)?
1.33 2.66
1
237 533 1896 21.33
178 267 7.1 533
“l133 1 267 1
1 0
A {3 0938 -18.5625 38 -21}
27116875 -10.1250 18 -6
Segment 3
R3:‘7 5 10 3.25}
2 0 45 38
(1896 21.33 4° 3(4)?
B, - 711 533 4 204) |_
267 1 4 1
1 0 1 0
2.1086 -21.7427 75.9776
2 {0.0286 11392  -6.6872

3(2.66)°
2(2.66)
1
0

18.96 2133 64 48
711 533 16 8
267 1 4 1

10 1 0
-80.9776
11.1862}
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3. Bollinger 8.10

R*:[r*(O) r*0) r*() r*(1)]
r*(ui):A*'b*(ui)
Segment 1.

. [T 277(133) 4 5(1.33)
1{1 4.16(1.33) 4 O }

2 -3 0 1
L |1 2 10
Bt =
2 3 0 0
1 10 0
2 3 0 1
. . .. [1 368 4 6651 -2 1 0
Al =R..-B"=
1 553 4 0 |[-2 3 0 0
1 10 0

[433 -503 369 1
1-047 -207 553 1



Segment 2.
. (4 5(133) 7 5(1.33)
214 0(1.33) 2 0

730 -1095 6.65 4
4.0 -6.00 O 4

A;:R;.B;—l{

Segment 3
. [7 5(1.33) 10 3.25(1.33)
3{2 0(1.33) 45 3.8(1.33)}
497 -8.62 6.65 7}

A,=R;-B;'=
oo {0.05 245 0 2

r(t) = A-b(t)

3
i

u
{Xi(t)}:A: Ui2
yi(t) u;
1
3u’

{Xi(t)}:iAf‘ 2u,
g 133" 1



4, Use the constant acceleration method.

Ar=1.697-0.693=1.004 m
A@ =45-(-30) = 75°
Az=0.4m

Vi =10rT%nin =Eryec
A, —150fy =0.15Mm/

_ore /ec _720 /ec

_arev — 1440
Poma =4 sec’ Aec2

Vima = 6rymin - O'1r%ec

— cm — m
Ay = 208/ 5 =0.2 Vo

ec’

First calculate the time intervals for three splines of each axis without the consideration to coordinate

them.
r-axis
At =—0 1111 sec
60x0.15
At, = &—At M—l.lllz 4.913 sec
\A 10
At, = At =1.111 sec
0 — axis

At = 2_ 0.5sec
4

2 2
However AXx =75< V— = 720
A 1440

AL = 0.208 208 =0.228 sec
4

=360




AH=9£=05%C
0.2

Ag:9£—05:35%c
0.1

At, = At; =0.5sec

Without coordination, the velocity profiles would be like

Modify the velocity profiles according to r-axis

Z-oxig
R

—
—\
gl & =

B-aug

At=At, +At, + At, =1.111+4.913+1.111 = 7.135 seconds



For r-axis, use max. velocity and accelerations

For @ -axis

At =—2=1111
b A,

AG

75

At,= =2 — At =4.913=——1111=4.913
Vv Vv

(4

~11.206°
A sec?
For Z-axis
At Ve 1111
AZ
Az

Boundary conditions

z

[
.\ =12.45° - rad
5V, =12450/  ~02177ad/

0.4

z

— m
V, =0.0664M/

— m
A, =0.0598 Aecz

—— At =4.913=—-1.111=4.913
Vv V

r - axis 0 — axis Z—axis

¢ r=0.693| 6=-30° z=0

1 =0 0=0 2=0
clr= 0.786 | 6 =-23.084| z=0.037

"1 F=0.167 | §=12.45 2 =0.0664
clr= 1.604 | 6=38.084 | z=0.363
21 ¥-0.167 | =12.45 | 2=0.0664
t r=1697| 6=45° z=0.4

"l F=0 0=0 2=0




-0.0003 0.0757 0 0.6930

-0.0000 5.6031 0 -30.0000

-0.0000 0.0299 0 0

0.0000 -0.0003 0.1675 0.6002

-0.0000 0.0000 12.4499 -36.9159

0.0000 -0.0000 0.0664 -0.0369

0.0011 -0.0973 1.2170 -2.4412

-0.0015 -5.5736 79.7629 -239.8257

-0.0002 -0.0266 0.4048 -1.0747

Flot of Position

27 Tty T T B e R
[— rim) |
[ @ (rad)
: 2
157+ SR .‘ !
11 - T
g |
z I
o i
u::i - . : -
U|5 - ar - 4 - . L '] 1. - -
gl :
0 1 K 3 4 O 1] 7



Acceleration

0.3

0.25

0.2

0.15

0.1 /
0.05

0 \
-0.05
0 3 4 5 6 7
Acceleration vs Time
0.2 . .
2
r(m/s%)
0.15 2 (m/§)
Theta (rad/sz)
0.1
0.05
0
-0.05
-0.1
-0.15
-0.2
0 3 4 5 6 7

time([s]




