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RSPU Generalized Coordinates

A =revolute R B =spherical S  C = prismatic P, universal U

a=0A = ground (20.43 cm)\\\ .-

b = AB = input crank (4.00 cm)*, Pt
in y-z plane Jivtoel

¢ =O0C = ground (19.97 cm) T

d = BC = variable TN

lenBD = square rod (35 cm)
0 = crank angle in y-z plane y1
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=<0 {rl}C: 0
a 0

0
{s,}'" =10
0

0
0
-b

0
0
lenBD

{52}"3: {53}'32
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revA A —r1,,i=A2,j=Al
y, Lx,' g, f,i=2,j=1
z,' Lx,' h,f,i=2,j=1
sphB B,r, —r;,i=B3,j=B2
x, 'Lz f,h,,i=4,j=3
ys' Lz g.hy,1=4,j=3
y, Ldj g,d;,i=C4,j=B3
x,' Ly, f,g,,1=4,j=3
univC Cr -r,,1=C4,j=Cl
x,' Ly, f,g,1=4,j=1
Euler parameters P,
Euler parameters o
Euler parameters P4
driver driver
0 0
{Ss}‘D: 0 {54}'C: 0
0 0
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INITIAL ESTIMATES
0 u 1 ©o C3 I
e NE 0
{r,} = v, =0=5deg  {G,}={v}=10 p,1=1""= usy | _
a 0 c, vS% 0
w
€3 wSZ 0

a—b 0 -C
{f“}}unit{ 0 } {fg }unit{l} {fg}unit{ 0 } {r3}:{rl}c+( (a—b)2+c2—1enBD]{ﬁ3}

c 0 a-b

FIXED REVOLUTE DRIVER
y2’ R

- {hl}T{hz}:CG

2¢ ‘\ 0 th}"{8,} =56
< - LT ¢A
0 \ 0 =atan 2{%}
, {h,} {h,}
22
OUTPUT

d* = {du’}T {du}

2dd = {dij}T {d,»j} + {dij }T {dij} - 2{dij}T {dii}
d= {dij ' {dij}/d

dd+d* = {dij }T {dij} + {dij }T {aﬁ}

i i) (o))
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ad+3dd = {d,} {a,}+{a,} {d ) +{a) {d o) () ={a,} (G} +3{a,} {4}
( Fa ) +3{a ) {d,) - 3dd)/d

dd-+dd-+add +3dd = {o ) {a }+{a} (G} ofd) (@ +3{a} (&)
dd-+add+3dd={a, ) {d )40} {d }+3{d ) 4,)
d=(fa,) {d,}+afa) {a)+3{d) {d,} - add-3dd) ra
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2[A,1[5,1"[G, ] U
_Z{fl}YT[AI]T[Az][gz]'[Gz] 01x3
—2{f }"[A]'[A,]1[h,]1G,] (U
—2[A,][5,1"[G,] —[L]
01x4 01x3
01x4 01x3
014 {f,}"[AT
01x4
01x4 le3
03x4 03x3
01x4 le3
2{p2}T 0.,
01x4 le3
le4 01x3
—2sind 2eu 2e,v 2e,w 0,5
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JACOBIAN
O3x4

le4
01x4

2AA]I,17(G]
—2{f,1"[A'TA (D, G, ]
—2{g}"TA A [0, 1G]

—2{f,} " [A T TA15,1(Gs ]

—2{f,} " [A, 1A, 1[&,]1G;]

le3
01x3
—{f,} AT

01x3

—2¢{h,} (A, 1'TALIF,11G, ]
—2{h,}"[A;]'[A,1IE,1TG,]
24f,37[8,1°1G, 1—24d,}"TA,1IF, 11G, ]
2{g,}"[8,1°IG,]1—2{d;}"[A,1[&,11G,]
—2{g,} "[A,1'[A,IE, TG, ]

2AA, 5,16, ]
—2{g,} . [A, ]T [A,If,]11G,]
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A -1,i=A2j=Al
g,f,i=2j=1
hf,i=2j=1

B, -1,,i=B3,j=B2

£hy,i=4,j=3
ghyi=4,j=3

f,d,,i=C4,j=B3

g.d,,i=C4,j=B3
fg,i=4j=3

Cr -1,,i=C4,j=Cl
fg,i=4j=I1

p,
Ps
Py

driver
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¢ =2[ 0 ][Gi]
o\p;} om; }'
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VELOCITY

A —1,,i=A2,j=Al
g,f,i=2,j=1
h,f,i=2,j=1

B,r, —1,,i=B3,j=B2

f,h,i=4,j=3
ghyi=4,j=3
f,d,,i=C4,j=B3

g,d,,i=C4,j=B3
fg,,i=4,j=3

Cr —r,,i=C4,j=Cl
fg,i=4j=1

b,
Ps
|

driver
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ACCELERATION

[Az][(’32]'[(732]'{52}"A
- {fl}'T ([AI]T [A,][®,]o,]){g,}'
— {37 (AT [A,][®,]10,]) {h,}!

[A 1[0, 110, 1'{s;} ° A, 1[0, ][0, 15,

T (LA AL 1@, 6,120, )7 (A TTA (6, 14+, 116, TAL AL 46,
—{h}" ([A A0, 110, 1+2[0,]" [A T [A 1[0, 1+He, 110, 1 TA T [A,]) {g.)
‘ ) =[Allo,]o, ]'{54}'C -[A][0; ], T {53}']3
=2{dy} (A ®, 1'{E, } —{d} A1, 1[0, I, +E, T [A ')
- 2{dij I3 [A][®,] {g4}'_{dij}T [A ][0, ]'[o,] {g4}'+{g4}'T [A, I’ {v’}
—{g}" ([ATTA 0,110, 14206, 17 [A T [A, 1[0, ]+, e, 1 TA T (A, {f,)

[A4][(734]'[(7)4]'{S4}'C
—{g}" ([A A, ][e,]) {f,}

@) ={a;} a}  v=—{a}"" (1A1[A G116, 1+200; 17 [A 1 [A1[; 14

At —r1,,i=A2,j=Al
g.f,i=2,j=1
h,f,i=2,j=1

B,r, —r,,1=B3,j=B2

f,hy,1=4,j=3
gh,,i=4,7=3

f,d,,i=C4,j=B3
g,d;,i=C4,j=B3
f,g,i=4,j=3

Cr—-r,1=C4,j=Cl
f,g,i=4,j=1

P,
P
P4

driver

&, 110, 1TA T A ) {2}
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sphere {D} = {rj}P - {rj}P v} = [Ai][a)i]'[(731]'{&}'P_[Aj][CN‘)J']y[a)J]v{Sj}'P

dot—2 {v}= _z{dij}T[Ai 1o, ]'{ai}'_{dij}T[Ai ][(’Bi]v[(’Bi]v{ai}q—{ai}'T [Ai]T {r’}
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JERK

[A,][H,]{s,}"
— {3 [A AL H, {g, }'
- {f1}'T [A1]T[A2][Hz]{hz}'

[AIH; 18} AL IH, 14,3

[— {hy T IA T A H, E ) {6, T TATTTA, I[H, T h, ) J
= 3(h, 3T ([0, 118, 1180, 1 AL T TA @, 148, =346, ([3,118,1-10,1)[A, 1A, 1[,]'th, )
—{hy ) T TAL AL, g,V —{e, ) T TAL 1A I[H, 1{h, )
(—3{113}“ ([, 13,1, 1A, TTA B, g, ) -3ig, ) " ([0, 110,16, )[A4]T[A3][<733]'{h3}'J
7 =[AH, s, A, I[H, 14s, ™
3 TTAL B, =34, TTA 6, 118, 140, 1, 1, T TAL JTHL T 6, T TA, T (')
34,1 TTAL B, 1 (=34, TTAL @, 116,140, T, —{d, ) A JTH, e, e T A, T (')
- {g3}'T [A, ]T [A][H,] {f4}'_{f4}'T [A4]T[A3][H3] {g,})'
[—3{&}“ ([@, 163 ][] AT A [, 1'4E, =346, ([, ][0, ], )[A4]T[A3][63]'{g3}']

[A,][H,] {54}'(:
- {gl}'T [A, ]T [AJ[H, i, }

~0°/4+f, for link 2

A —-1,,1=A2,j=Al
g.f,i=2,j=1
htf,i=2,j=1

B,r, —r,,1=B3,j=B2

(f4h3,i:4,j=3j
(g4h3,i=4,j=3J

f,d;,i=C4,j=B3
g,d;,1=C4,j=B3

(f4g3,i=4,j:3J

C,r,-1,,i=C4,j=Cl
fg.,i=4j=1

b,
P
P4

driver
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jerk product [H,]=2[®,][o, ]+, ][, ]+, ][, 16,1

(A TTAM, Ha a3 (A TAIH T a

dot -1 n= . .
=3ta}" (10,110, 10,1 A T A 16, ]'a; ) =3{a, )" (6,16, 1-[o, 1A T [A1[6;]'{a;}'

sphere {n} = [A,J[H, {s,}" LA, J[H 115} "

dot—2 - 3{aij FA ;] {a, }'_3{dij VA D, ][] {a, }'_3{(.111‘ H A, ][(Nol I'{a;}'—{d; YA IMH, {a  +a ) T [A T {n')
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RSPU - Inertial Properties

link 2
density p=1.18 g/cm®  plexiglass

diameter D = 5 inch=12.7 cm
t=0.5inch=1.27 cm

m, = ptnD’ /4 =189.84 g = 0.18984 kg

Jyx » =mR?/2=mD?/8=3.8274 kg.cm’
Jyy , =mR*/4+mt*/12=1.9177 kg.cm’
J,, ,=mR’/4+mt’/12=19177 kg.cm?

link 3
density p=1.18 g/cm®  plexiglass

square rod width w = 0.5 inch = 1.27 cm
length L =1lenBD =35 cm

m, =pLw’/4=66.61 g=0.06661 kg
Jyx 3 =mL’/12=6.8000 kg.cm?

Jyy 3 =mL*/12=6.8000 kg.cm’

J,, 5 =m(w? +w?)/12=0.017906 kg.cm?

0 0
shift centroid {5, " = 0 {s,1° = 0
+lenBD/2 —lenBD/2

initial estimate ~ {r,} = {1,}° +( (a —b)2 +c’ —lenBD/2j{ﬁ3}

link 4 y4
density p=1.18 g/lem®  plexiglass zy /i

cube width w =2.5 inch = 6.35 cm V\ C

m, = pw> =302.14 g = 0.30214 kg (ignore hole) 4

T o =m(w? +w?)/12=2.0305 kg.cm?
Toy 4= (W2 +W2)/12 =2.0305 kg.cm? w ¥

Yy 4= rn(w2 + wz)/12 =2.0305 kg.cm? remains
horizontal
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