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Three-Dimensional Constraints

o, [{a}+{o,}={o}

{®}={o0}

(o} ==4{o.Ja), o), {141, @) €0 (e, ) ]
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Scleronomic constraints

indepen;i[ent ]of tir)ne such as mechanical joints }' V4 )) ’2@0
{v}=- o, {a}) {a}
: ot

{n}={i}-([]{a}) {a}
{o}={i}-(e,]{a}) {a}

use same {y} for both {®'} and {p} solutions

must use {n,} for {&'} and different {np} for {p} solutions

,j/ 2 Spherical M \
37\\ {CD}SPH { } {1‘} {031

B\L?" [ ]SPH _[13]
3}3 [ ]SPH_[ H ]

3*‘4 [ Pl]sPH 2[A][8]"[G]

]SPH

[
[P = [ 5"
(@0 =218, [[5]"(G]

4){5\ {V}SPH:{03X1} X—
D= (]G] B] ) A 618 ) 45}
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M}son=[AJH ] {s,} " - I'{s;}" {®}" version
C\“‘—*-—-—*“"—'_'_"“—'\\
oy = spw —HTA (T T30 @] 3"+ LA (130 [ s 3" {) version

W] =[] 3o o 3] |6 ]+ o] 6] (o] 2(6] o] (o3[ ] o] o
o o] [e] o]

{0} sen Z[Ai][wi]'{Si}'P'[Aj][Wj]'{Sj}'P {CO}' version
{KF }SPH = {03x1}

D T
KT o = 517 [3,)TAT P dey

36k 7

{KF }SPH {03 1}

{KTj }sPH = _[Ej]'P [‘73j]'[Aj]r{7‘}spH {
W 4%

Y
1™ Doy spu= {d }T{ } L=constant length

for {1} {} {r and { } {r} {r

2 (o —2a) e
TN
g

i} ]

j Double spherical

\-1\3
\(\0( [ ]SPH SPH

[Pl 20}
(O] o =2} (A
[P0y g =} (A5
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Yspi spn =2 {dij }T {dij } +2 {dij }T {Y}SPH

Nspr_spr —-0 {dij }T {dij } +2 {dij }T MYsen {(1)} ' version

Mspu_spr_p~ NspH spH — %{dij }T [Ai ] <[H1 1-3 [a)l ] '[G‘Ji ] ') {Si } "
r2{d ) A (1305 ) o)) s

OspH_spH =-6 {aij }T {aij } -8 {dij }T {du } +2 {dij }T {O}SPH {(,0} ' version
{KFi }SPH_SPH = —2hspy_spu {du}

(A Js]") {d,}+(a) ~~W@}]
5 )7 @] fs (A7) A [0 s}

{p} version

{KTi } SPH_SPH :+2}‘SPH_SPH

{KFj}SPHfsPH - 2;“SPH-SPH {d‘J}

(as1) {1 ][, 5,7 {a}
'[gj]'p [éj]'{sj}m'([AJng]'P)T [Ai][‘bi]'{si}'P

T} -
{ iJ spH_spH SPH_SPH

€5 pot-
- T {p3 4 iﬁﬁ
A (I)DOT_IZ{ai} {aj}:()

for {a}={r}°-{r}" and {a}={r}*-{r}’

Fi
2[® ]Dom[ls] /zivx

5% [0 =} A [AlE]={a } AR #e
H\A (Dpi]DOTJ =2 {aJ}'T [AJ’]T [Ai][éi] '[Gi]:_z{aj}T [Ai][ﬁi] '[Gi]
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@ J]DOT 1

|
. Lml—{} Jlafa]={a) A&
@ p]DOTl_Z{a 'T[AH a6 |=2{a ) [A]a][6)]

T

voor=—{a} (A ] [aa ][] 42[a " [A ] [aJa ) +[a) o) [, [A]) fa}

Moor 1= — {3} [A T TAIH, 1{a, ' —{a,} " [A 1A ][H,]{a,}'
—34a}"([0,][e,]'-[0,1)[A 1A 1[6;]'{a,}' {©}" version

=3{a,} " ([6,]16,] - [0, 1A ]'TA ][6,]{a )"

Moor 1 =Noor 1 +3{a;}' TATTAI([H, 135, [@]) {a, 3
+{a ) TTATTIA I (IH,1-3]6 | o)) 4a

{p} version

Opor = —{a} A TTA W e} — fa, ) TTATTA IW, T fa
+4fa} [wj][Aj]T[Ai]([HJ'ﬂéSJ'){ai}'
+4{a,} "6, 1A 1A 1([H 146, ) {a, 1
—6{a " ([&;]16;]'- [0;])[ATTA (6,116, + 6, {a,

(KB} = (0.}
0T Y or, =oor s (([AJE]) Ao, {a (A )@ ] ) [ {a,})
{6} = {00}

A (I CAEPS YT ER S P NI EAE RS ENY

{(0}' version

Dot-2
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q)DoU:{ai}T{dij}:O Zﬂ%% J ZA)J%
for {dij}Z{rj}P—{ri}P and {dij}Z{fj}P—{fi}P and {ai}Z{ri}Q—{ri}P

[@)por =12 }'T[A]TZ{ }T
R A S TR
[(Dpi]DOTZ_z({ai} [Si _{dij} i ai) i]

[(DYJ]DOU - {ai}'T [Ai ]T N {ai }T
|
|

[(Dn'j]pou ={a}"[A] [Aj] gj]d):' {a} [AJ][gj]'P

[q)pj ]DOT] =2{a,}"[A, ]T [Aj [gj ] " [Gj ] =2{a, }T [AJ ] [gj ] " [Gi]

VDOT_2:O
'YDOT72:_2{dij} A ] {a {d } {a }+{a } [ ]T {Y}SPH

Moor > =3 (A} [A 1@, ', 1 -3 {d, 1A ([0, 1+, ) a,
-{dij}T[Ai][Hi T{a 3 +{a ) TA T gy

{6')}' version

Mpot 2 p = MNpor_2 _%{ai}' T([Hi]'_3[®i]'[®i]'> {Si}'P
+4H{dy} A (I R3(6 ] [@] ) a {p} version
+{a b TIA T TAI([H, -3 ]6 ] o ) g0
Opor 2~ — 4{d"ij}T [A]lo]'{a} — 6{aij}T[Ai ] ([6)1 o '+ [631 ]') {a;}'
—4d, }T[ J([ JHIG.T) () — (43 AW (a ) {6} version

+{a, } {G}SPH

{KFi}DOT2 Apor 2 [A][8;]'{a;}

(Adi]) {d} [A][w a]) {a,}
Ha e {s} ) [a ][] i}

{KTi }DOT_Z :_}\’DOT 2
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{KFJ }DOT_Z =Aoor 2 [A][@]' {2}

(s ~oons [ J517) 0 oo (4 Jo ) T4 e

Euler parameters

H\S (DEUL: {pi }T {pi }'1:0

142 [Py, =[0]
[ﬁlﬁ [(Dpi]EUL =2 {pi}T

Ve =0
Ve =2 {p1 }T {pl }

Ny =-6 {p1 }T {pl} {P} version

Fixed revolute rotation driver (angle 6 about fixed axis [u v w |T)

€, Cg
u 0
o € uS>
angle 6 about fixed axis {0}=1 v {p}= =1 el
e, VS
w 0
e, WS>

Do =0-f (t)=0

recommend dot products to get 0 four-quadrant

Jer+eite;

€

1 .
or 0=2cos"e, or 0=2sin’ («/ef+e§+e§) or 0=2tan"

[(D” ]FRRD N [01"3]
[(D“'i ]FRRD N {ﬁ}T

(@5 = 28} [G]
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Verro = £
Vireo ™ L
Neweo = L {©}" version
63
Nerrp ™ — ZJrfm {p} version

{KFl }FRRD = {03x1}

{KTi }FRRD = {03x1 }

3D relative distance driver (see double spherical)

O pon=1d,} {d, }-(£(1)) =0 f£)>0

for {dij}Z{rj}P-{ri}P and {dij}Z{fj}P-{fi}P

[q)qi LDRDD :[ qi ]SPI-LSPH
[(quLDRDD Z[(qu]SPl-LSPH
Viprop =2 T T

2742 f,

Y3prop ~ VspH_spH

MNsprop —Mspu sp 1O £ £, 72 £ £, {w}' version

Dot-2 distance driver (see dot-2)

D= {ai }T {dij}/L - £(t)=0 L=|ai | =constant length

for {dij}Z{rj}P—{ri}P and {dij}Z{fj}P—{fi}P and {ai}Z{ri}Q—{ri}P



Notes 11 04
@)
[(in]DZDD =%
]
[(qu]DZDD - qJLl?OT_Z
VDZDD= ft
Yp2pD ™ ¥oor.> + 1,

General revolute rotation driver

UNSEOE (o) v

Screw distance-angle (see dot-2 and revolute rotation driver)

Oy, ={a} {d;}/L-10=0 L=

4

for {d,}={r} -{r}" and {d}={5} -{}" and fa}={r}"-{r}’

=constant length, A=screw pitch, 6=screw angle

90f 19
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Local Joint Definition Frames

do not need secondary joint frames for spherical (S) and double spherical (S-S)

need secondary joint frames if axes of constraints for universal U, revolute R, cylindrical C,
prismatic P, or helical (screw) H are not parallel to local body-fixed direction

)" =|uit({s )"~ {s}")  {B}rx{R}T wnit({s}o-{s)7)



Notes 11 04 11 0f 19

Three-Dimensional Joint Constraints

R 4B P I As H(S) A8
i As
(a) (b) (c)
C
Af A
As )
Ad
Ay
ST :
qr E
(d) (e)
Restricts  Allows
Revolute R 5 1
Prismatic P 5 1
Helical (Screw) H(S) 5 1
Cylindrical C 4 2
Universal (Hooke) U(H) 4 2
Globe (Spherical)  G(S) 3 3
Flat (Planar) F(P) 3 3
3D mobility

M=6nML-5nJ1-4nJ2-3nJ3
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Double Spherical SS
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Cylindrical C
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Prismatic P (Translational T)
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Screw S (Helical H)
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