Notes 04 05 page 1 of 13

Two-dimensional position, velocity and acceleration solutions
Kinematically driven motion

1.0 Initialize
1.1 constants

1.2 global locations of fixed points {r, }"

1.3 local blueprint locations {s,}'"

2.0 Initial estimates
2.1 global locations of origins {ri}

2.2 orientation angles ¢,
{rz }

2.3 assemble into{q} =1 {r,}
s

3.0 Explicit time loop

4.0 Position solution
4.1 rip new values for {r,} and ¢, from {q},

4.2 form attitude matrices [A;] [B,] {f‘} {&}

1

4.3 compute global locations for all points {r. }P

{CD }KINEMATIC }

4.4 assemble position constraints {d)} = { {q)}
DRIVER

4.5 assemble Jacobian

[(I)rz DRIVER IDRIVER DRIVER (D¢3 DRIVER

[q) ]:|:[(Dr2 ]KINEMATIC K]NEMATIC r3 KINEMATIC [ ¢3 ]KJNEMATIC }
q
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4.6 Newton-Raphson update {q},,, = {q}, — [CD q]_l{d)}

4.7 check convergence - repeat 4.1 through 4.7 if needed

5.0 Velocity solution

{v}
5.1 assemble {v} :{ SNEMATIC {Vhemenare = {0}

{U }DRIVER

1i}
b,
5.2 compute {q}z[CDq]f] {V} for {Q}: {r3}
Ul

6.0 Acceleration solution
6.1 tip new values for {i.} and ¢, from {q}

6.2 assemble {y}= {{’Y{}’YK}INEMATlc}
DRIVER

it}

6.3 compute {Ej}=[‘bq]_l{Y} for  {g}= {r3}
s
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Four Bar Example { @E: O
AB =30 cm -
BC =60cm 68
CD =45cm
AD =90 cm F0 - K
BG; =23 cm
DG4 =24 cm S

d2 = 65°

blueprint information B Q7
EA: {8} fo, 17 = {A()B} o1 = —E;GJ o 10— {C(()}} > o

check {r2 }A = {rl }A {rz }B = {rz}B {r4}c = {r3}c {r4}D = {rl }D \EWFL

driver ¢, =¢, grapr +O,t

pres (15 (i +Chq 1"
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s fo}- D]

{CD }DRIVER

(DDRIVER d)z _¢278TART _(th

{r2}+[A2] {Sz}'A_{rl }A
{r3 }"' [A3] {Sa }'B —{r2 }_ [Az] {Sz }'B
constaints 0] = |1+ 4,1 6.1l )[4, ],

{r4 }"' [A4] {54 }'D _{rl }D

b, — ¢27START —0,t

Newton-Raphson position solution {Q}m = {q}k - [ch ]‘1 {(I)}k
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velocity solution [@q]{q} ={v}

{U}KINEMATIC - {0}
{ }REV_A {O xl}

Wi o] [1020]
[(D q ]{q} = {{\gK}INEMATIC } = ?’ iREV c(~ ?) 2x1 ?}:
PRIVER VSREV_D 0,1

acceleration solution [q)q J{q} = {y}

@y =) - ) =0.0)
{}REV (I) [A ]{SJ}P d) [ ]{ }P {Y}DRIVER:_{(Dn}

need {i;} and ¢, from {q}

o] g e
YirRev B ¢3 A, s, d)z A
o Jaj={ e e = o Tl T
PRIVER Yirev D d)4 [ ]{ }D
¥ DRIVER 0

fi}=[o, "t}
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{U}DRIVER - {@t}

]{Sz}
{53} '




{1’3 }+ [A3] {Ss }'B _{rz }_ [Az] {Sz }'B
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o+ A6 ) A
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N N LY s Y P N e S U
R A O
0y =95 start — Ot

)%?\ D%; D%?f %Z\B yAZk "5%‘?
Ll Bl ] [0,.0] 0:.] [0
-L] Bk LI Bl 0] [0,.,]
[0....] [0..,] -L] Bl L] B
[0...] [0.,] [0,..] [0,.,] L] [BE)"
[0,..] ! [0,..] 0 [0,..] 0




using blueprint information

1 0 0 0
0 1 0 0
-1 0 +BG,S¢, 1
0 -1 -BG,Cd, 0
[@,]=|0 o 0 -1
0 0 0 0
0 0 0 0
0 0 0 0
0 0 1 0
evaluating terms
1 0 0 0
0 1 0 0
-1 0 +27.189 1
0 -1 —-12678 0
@ ]={0 o o -1
0 0 0 0
0 0 0 0
0 0 0 0
0 0 1 0
JAC = [ 1.0000 0 0
0 1.0000 0
1.0000 0 27.1890
0 -1.0000 -12.6780
0 0 0
0 0 0
0 0 0
0 0 0
0 0 1.0000
det (JAC) = -2.6450e+03
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0 0
0 0
+BG,S¢, 0
-BG,C¢, 0
+CG,S¢, 1
-CG,Co, O
0 1
0 0
0 0
0 0 0
0 0 0
+5233 0 0
-22397 0 O
+8418 1 0
-36.030 0 1
0 1 0
0 0 1
0 0 0
0 0
0 0
1.0000 0
0 1.0000
-1.0000 0
0 -1.0000
0 0
0 0
0 0

S = O = O O O O O

—19.059
-8.817
+21.782
+10.077

5
-22.
8
-36.

+CG,S¢,
~CG,C,
-DG,S¢,
+DG,Co,

S O O O

.2330

3970

.4180

0300

S O O O

0
0
0
0
0

1.0000
0
1.0000
0
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AB=30cm
BC =60cm
CD =45cm
AD =90 cm
BG; =23 cm
DGs =24 cm
¢2 = 65°

¢ =13.151°
s =-65.173°

o O O

-19.0590 ;
-8.8817 ;
21.7820 ;
10.0770 ;



transpose

o] -

S O O O O o o o =
S O O O O o o = O

from Notes 06

-1
0
+27.189
1
0
+5.233
0
0
0

0
-1

-12.678

0

1
—22.397

0

0

0
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0
-1
0
+8.418
1
0
—-19.059

01 matrix static force analysis

S O O O O o o o =

S O O O O o o = O

-1
0
27.189
1
0
5.233
0
0
0

1
-22.396
0
0
0

-1
0
8.418
1
0
—19.059

S O O O

-1
-36.030
0
1
—-8.817

0 0

0 0

0 0

0 0

-1 0
—-36.030 0

0 1

1 0
-8.817 +21.782

0 0 0

0 0 0

0 0 1

0 0 0

0 0 0

0 0 0

1 0 0

0 1 0
21.782 10.077 0
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0 0]

0 0

0 1

0 0

0 0

0 0

0 0

1 0
+10.077 0]
F} 0
F) 0
E; 0
E), 102.589
E, —109.433
E}, 0
E}, 157.973
E}, 122.656
T, 0




[q)J -

shift origins to A, B and C

-1

S O O O O O

0

1

0
-1

S O O O

use BGy=n

[q)q] -

S O O O O O

S O O O O

0
0

+BG,S¢,
-BG,C¢,

- o O O

— o O O

0
0
1
0

S O o O

S = O O

S O O O

0
0
0
1
0

-1
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0 0 0 0
0 0 0 0
0 +BG,;S¢p, 0 0
1 -BG,Co, 0 0
0 +CG,;S¢p, 1 0
-1 -CG,C¢p, 0 1
0 0 1 0
0 0 0 1
0 0 0 0

BGs=0 CGs=m3

53
951
=
W
S O = O = O O O O

S =, O = O O O O O

S O O O O

—I‘4S(|)4

r,Co,

S O O O

+CG,S¢,
-CG,Co,
-DG,S¢,
+DG,Co,

CGs=0 DGs=14
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1 0 0 0 0 0 00 O
o1 0 0 0 0 00 ©
-1 0 S, 1 0O 0O 00 O
0 -1 Cop, 0 1 0 00 0
det| @, |=detf 0 0 0 -1 0 =rSp; 1 0 0 pivot 1,1=+1
0O 0 0 0 -1 —Ch 01 0
o0 0 0 0 0 1 0 -rSo,
o0 0 0 0 0 01 rCo,
o 0 1 0 0 0 00 0 |
10 0 0 0 00 0
0 8¢, 1 0 0 00 0
-1 —Cop, 0 1 0 00 0
det| @, | = det 0 0 L0 nSe 100 pivot 1,1=+1
0O 0 0 -1 —Cdp 0 1 0
O 0 0 0 0 10 -rSo,
o 0 0 0 0 01 rCo,
o 10 0 0 00 0 |
[,Sep, 1 0 0 00 0 |
-Cd, 0 1 0 00 0
0 -1 0 1S 1 0 0
det| @ |=detf 0 0 -1 -rC¢, O 1 0 pivot 7,1=+1
0 0 0 0 1 0 -rSo,
0 0 0 0 01 rCo,
10 0 0 00 0 |
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I 0 0 00 0 |
0 1 0 00 0
-1 0 Shp, 1 0 0
det[ @, | =det 659, pivot I,1=+1
| 0 -1 -Cdp, 0 1 0
0 0 0 1 0 -rS¢,
0 0 0 0 1 rCh
1 0O 00 0 |
0 5S¢, 1 0 0
det[ @, |=det| -1 -5,Cd; 0 1 0 pivot 1,1=+1
0 0 1 0 -1So,
0 0 0 1 rCo,
(Se, 1 0 0
1Cdp; 0 1 0
det[@ ]=det LCe,
“ 0 1 0 -1So,
0 0 1 rCo, |
0 1 0 | 1 0 0
det[ @, |=(+1,S¢;)det| I 0 -rS¢, |+(-1)(-r,C;)det| 1 0 -rS¢,
0 1 rCh, 0 1 rCoh,

det[ @, | =(+1,80,)( —1(r,C4,))+ (1) (—5.Ch; ) (-1 (-S89, )) = —1,r,8:Ch, +1,,Ch;S0,

detl:CDq:I = —r3r4S((I>3 —¢4) =1,1,Sy Y=0,—9,

ri=BC=60cm 1rn=CD =45cm ¢3=13.151° ¢4=-65.173° det[@q}:-2.644le+o3
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Four bar

{1‘2}

()

b, %@{REV_A

{r3} REV_B
{q}: {CD}: {q)}REV_C

¢3 {@}

{r4} o REV_D

b, DRIVER
D privir = P2 _¢27START —0,t
CDDRIVER = ¢4 - ¢4_CENTER - A¢4 sin(2nft)
D perver = ¢3 =€ — €yt = Cztz - C3'[3
D ervir =0, — 0, —constant

E E E

D privir = X3 — X3 gtart — VX5t

General slider crank

{r2 } {
b, {
{r3 }
b, ({r4 }D - {r4 }C
{r4 } ({r4 }C - {rl } ’
by

S

}REV A

=l

}REva
}REV7C
arallel {r1 }Q - {r1 }P;

arallel {r1 }Q - {r1 }P

=
1l
&
Il
Eout o)

=

DRIVER

In-line slider crank

{®
{®

{CD} _ {Q) REV_C

Y4
b,

o DRIVER

}REV A

iREVB B
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Inverted slider crank

{rz } {CD } REV A
{4)2} ?D iREV B
Iy _ Drey c

W=y, 1) AN e it
{r4 } {r3 }B - {r4 }C arallel {r4 }D - {1‘4 }C
b, D priver

Two link manipulator — joint interpolated motion

{1‘2} {(I)}REV_A
{q} _ o, {CD} {(D}REV)

0, — ¢27$TART —,t
b, 0 — Ograrr — @pt

o, =( 2 END _¢27START )/At
0= ¢3 - (I)z
Wy = (eEND - eSTART )/At

Two link manipulator — straight line interpolated motion

fr.} ﬁu
~ q)z _ @ REV_B ’
{q} B {1‘3} {CD} B Xcs 7 X3 _start T Vosx t \

o5 Ye3 —Yes start ~ Veay €

Ve = (XC37END — X (3 START )/At

Ve = (YCLEND ~ Yc3 sTaRT )/ At



