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Notes 04 04 20of9

Scleronomic constraints

independent of time such as mechanical joints |

tri=—{o, fa}) o)

1= 1o, Ja),

b=~ (o, fa}), fa
Revolute
{(D}REV = {rj }P - {ri }P = {Ole}
7

Z zcg [CDCI ]REV - _[ [IZ] [Bi] S; 5’
243 [CD ]REV = [ [1.] [Bj]{sj}'

a\l {V}REV = {Ole}
zx( W hrev = (i)jz[Aj]{sj}'P —,"[AJis "
{n}REV = d.)jB [B']{S'}'P +3 ¢¢J [Aj]{sj }'P_(i)i3[Bi]{Si}'P -3 (i)id.)i[Ai]{Si}'P

{o}rey = 60, ¢[ ]{SJ} (4 d’j$1+3dij2_d’j4IAj]{Sj}'P
_6¢ (I) [B ]{S } (4 (I)ld)l +3&I;12 _(i)i4IAi]{Si}'P

[024]

s} (Al {%}REN}

. 0., }
e )t 1A T (0 b

molute

{Ki }REV 1
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H\] Dy rev = ;i }T {dij }@: 0 L = constant length

{
H\j [(in ]REviREV =2 dij }T [q)qi ]REV K7 21>
144 [‘qu]REUEV = 2{dij I [Q)qj]

[\ VREV_REV = 0
/ﬂ YREV_REV = 2{dij }T {Y}REV - 2{dij }T {dij }
Nrev REV = 2{dij }T {n}REV - 6{dij }T {&ij }

ORrev _REV = 2 {dij }T {G}REV - 8{dij }T {du }_ 6{aij }T {aij }

{Ki }REV REV :_ZXREV REV ' T {du} T ; }
) i {Si}'PT ([Bi] {dij}_[Ai] {dij})d)i

{K } =2\ | {du}
e e o (s A (0,15

Parallel vectors (planar parallel-1)

{a, } parallel to {a j} \L Z%}

/7\] Dy pparLer = {ai }T [R]T {aj}: 0

for {ai = }Q_{ri }P and {aj}z{rj}o _{r'}P

~——

)3 [CD g ]PARALLEL = [{lez} - {ai }T {a ; }] {a,}' {a i } = +norm{a, } norm{a i } = constant
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"’}{ [(qu]pARALLEL = l{01x2} + {ai }T {aj }J
Iy ( Vearater = 0
[ 51( Vpararter =0

Npararcer = 0

G pARALLEL — 0

{Ki }PARALLEL = {03)(1 }

{Kj }PARALLEL - {O3xl }

Pin-in-slot (planar parallel-2)

{ai } parallel to {dij }

h"l PIN SLOT a, } [ ]
for r

d;}=0
= -l and faj=in)0 -4

b}\g [(in ]PIN_SLOT = {ai}T[ ] @

T

R
730l o = R 0],
8 Ve sior =0
1 Tonseor = faf @0+ [RT(6 - )
Moo seor = ) B 0,4, 1+3 840, f- 004, )+ [RT 6 0.2, }+3 64,1, 1+ e )

c ={ } [ {d }+ o0 {dJ}+4($ d)3){dij}_6d)i2éi{dij}
PIN_SLOT T 6¢ {dj}+12¢¢ { } (4d)id-)-i +3$12 _d)i4){dij}+{c}REV)

o s = ]

and ? } {dJ} {.ij fomabove @
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Relative angle @

D snGLe = (I) -¢,—-C- f(t) 0 C=constant

lq)qi JANGLE :[0 0 _1]
l e ,;;7[’ ot‘l"&

Jji JANGLE

2\
o E0) S

Y anaie = fu

Nanaie = Fi

G ANGLE = ftm
{Ki }ANGLE = {03)(1}

{Kj }ANGLE = {03xl }

Gear pair driver (chain/sprockets, belt/pulleys) L ,/?)
Dipar =0, - K¢ -C=0 K =constant, C =constant 7{' <( Z b
—_ - _ l
external gears K =—p,/p;, internal gears K =+p,/p; n e %\

e ¢

[q)qu(}EAR:[O 0 _K]

(@4 L0 =10 0 1] %’é
: @;K@
v

VGEAR = 0
Yoear =0
Ngear =0

Cgear =0
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Gear pair on rotating link k

d)GEARiONiK:(d)j—d)k)—K(d)i—d)k)—C:O K =constant, C£ constant from aboveg

lq)qi JGEAR ON K [0 0 _K]
lCqu JGEAR:ON:K - [0 0 1]
l(l) qk JGEARfONiK = [O 0 (K - 1)]

VGEAR ON K — 0
YGEAR ON K — 0
NGear oN x = 0

OGEAR ON K — 0

Relative coordinate driver (translation, rotation, gears, pure rolling)

WC—H‘[):O K =constant. C =constant
l(in JRCD = [_ K 0 0] q; = X;
|.chi JRCD = [0 -K 0] qi = Yi
lq)qi JRCD = [0 0 - K] q; = ¢i —_—

A-Q—-yb

0 0] q; =X;
0 1 0] q;=Y;
0 1] q; =¢j
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Planar parallel-2 distance driver (see pin-in-slot)

cDPPzDD = {ai }T {dij }/L - f(t) =0 L= |{ai}| =constant length
[ ]PPZDD - ( a T[ ]REV + l{olx2} [R]T J)/L
[ ]PPZDD - a [ ]REV /L

Vepopp = I

Yep2pD = {ai }T (_ 2 d)i [R]T {dij }"’ (i)iz {dij }"’ {V}REV )/ L+f,
MNepapp = {ai }' (_ [R]T (3 ¢, {aij }+ 3 ¢ {dij }_ ¢;’ {dij })+ 3¢ {dij }+ 3 ¢,4; {dij }+ {n}REV )/L +1

CRT (40,4, 66,80, 1 +4 (6, -6, o, -6 0,76, 44,)

oo =L 6, 1206, 06+ 367 -8, o

/L+f

tttt

Pure rolling along planar parallel-2 distance

fa}"ld, )/ L—pl6,~¢,)-C=

constant length, p = rolling radius, C = constant

o ) 0.t TR J+pL)L

|
[Cqu ]ROLL - {ai }T [q)aj ]REV B [{01"2 } pL])/ L

ROLL

L= la.

Viorr =0

TroLL = Ypr2pD for f, =0
MroLL = Nep2pp for f, =0
OroLL = Opp2pp for f, =0

Planar relative distance driver (see double revolute)

D pppp = {dij }T {dij }_ (f(t))z =0 f(t) >0
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ch qi JPRDD - ch qi JREV _REV

chQjJPRDD o Cqu REV _REV

=2ff

v PRDD t

Yerop = Yrev rev t 2 ft2 +2ff,

Nprop = Nrev_rev T 6f f, +2ff,

2
Oprop = Orev rev + 6f, +8f f, +2ff,
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Acceleration Right-hand Side for Revolute

trt= o, fa), fa}-2lo, | a}-{o,}
{CD}REV = {rj }P - {ri }P = {02x1}

w={ W=

[(in ]REV :_[ [Iz] [Bi]{si}vp ]

{Y}REV = _(i)iz [Ai ]{Si }'P for body 1
{Y}REV = (i)jz [Aj ]{Sj }'P for body j

{Y}REV = d)jz [Aj]{sj }'P_(i)iZ[Ai ]{Si }'P
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