ME 581 — HO5 Name

1) Determine the mobility of the CRSP closed loop mechanism shown below.

mobility = 6(4-1) -4(C)-5(R)-3(S)-5(P)=1

2) Use generalized coordinates {q} = { {r2}" {p2}" {r3}" {ps}" {ra}" {ps}7 }7 and attach local
coordinate frames to the links shown on the following page. Clearly label all auxiliary points
and vectors needed to form joint constraints. The ball joint moves in the X-Z plane parallel to X.

3) Global locations for the ball joint and for the center of the yoke are provided below as well as
length of link 4. Provide local locations {si }' " for all points on your links.

4) Provide initial estimates for {q} .

5) Symbolically write a constraint vector {®} for this mechanism using your local coordinate
frames.

6) How many rows and columns will the Jacobian [@Dq4] contain for your constraint vector? (You

do not need to write the Jacobian.)

20 (no driver) 21

columns =

rows =

{0 15 0} cm
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Constants

BC =/(20)’ +(15)’ +(10)’ =26.926 cm

0 10
{r}*=<0tem {r}° =40 tcm
0 10
0 0 BC 17
{Sz}'B: 0rcm {53}'B: 0rcm {53}'C= 0 rcm {54}'C: 0 jcm
0 0

Initial Estimates

B 20 - yi
0 i .
I X1
T 110 ~~~2\6\'\?26
e 15
TOP VIEW i o -C
7 7 C ‘ >
SIDE VIEW OF LINK 3
0 -10 —0.4472 s
tan0=— 0=26.57de h,'=unit{ 0 \= 0 sing = =33.85de
20 g ih) ¢ 26.926 ¢ s
+20 0.8944
0 0
{r,} =415+ y,=-26.57deg {0,}=11
0 0
0 —-0.4472
(}=415} y,=-33.85deg {i,}={h,}={ 0
0 0.8944
3 1

{r,}=40¢rcm y,=0deg {0,}=any unitvector =40
10 0
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>> ho05

p2_ T = 0.9732 0 -0.2298 O

A2 = 0.8944 0 -0.4473
0 1.0000 0
0.4473 0 0.8944

p3_ T = 0.9567 0.1302 0 -0.2604

A3 = 0.8644 0.4982 -0.0678
-0.4982 0.8305 -0.2491
-0.0678 0.2491 0.9661

p4 T=1 0 0 O

A4 =1 0 0
0 1 0
0 0 1

B L B B B B R o o

% h05 - ME 581 HO5 CRSP initial estimates
$ HJSIII, 21.04.20

clear

)

3 constants
d2r = pi / 180;

% link 2
chi2 = -26.57 * d2r;
uhat2 = [ 0 1 0 1';
p2 = [ cos(chi2/2) sin(chi2/2)*uhat2(l) sin(chi2/2)*uhat2(2) sin(chi2/2)*uhat2(3) 1';
[ E2, G2, A2, f2, g2, h2 ] = make ega( p2 );
p2 T = p2'
A2
% link 3
chi3 = -33.85 * d2r;
uhat3 = [ -0.4472 0 0.8944 1';
p3 = [ cos(chi3/2) sin(chi3/2)*uhat3(1) sin(chi3/2)*uhat3(2) sin(chi3/2)*uhat3(3) 1';
[ E3, G3, A3, £3, g3, h3 ] = make ega( p3 );
p3 T = p3'
A3
link 4

chi4 = 0 * d2r;
uhatd = [ 1 0 0 1';

p4 = [ cos(chi4d/2) sin(chi4/2) *uhatd (1) sin(chi4/2) *uhatd (2) sin(chi4/2)*uhat4 (3) ]';
[ E4, G4, A4, f4, g4, hd ] = make ega( pd );

pd T = p4d'

Ad

% bottom - hO05



	Constants

