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Fig.1 3D-1-RRR

a. Direct Differential

C1€3 —C1C3 —S1  L3CiCo3 + Lycicy

0T = SC;3  —S1S33 € L3Sscyz3 + Lycsy
_523 —C23 0 _L3SZ3 - LZSZ
0 0 0 1
Position:

Py = x = [3¢1c23 + [2c1c2
Op,, =y = 13s1c23 + [2¢2s1
Op,, =z = —I3523 — [252

Differential:



x=—91+—

ox . ox . ox .
a6,

= —(13¢23 +12c2)s16; + 12c¢1(—s2)8, — 13c¢15236, — 13c152364

ay . dy . dy

)= —0, +—0,+—0
Y =30." 730,72 " 30,73
= —L35,S53(0; + 05) + L3Cy3C10; + L, C,C10; — LyS:S,0,
__629. +Ozé +629.
2= %0, " 96, 2" 36, °
= —chzg(éz + 93) - 625292
X
OVn = [y
2
0 0 0
®wy, =SR| 0 [p; +9R [0 |p, +3R| 0 |p;
61 61 03
0
V. 0 .
[O n| = 90y
Wn

So,

[—S1(L3Ca3 + LC;)  —Ci(L3Sy3 + LyS;)  —L3Sp3Cy]T
C1(L3Cy3 + LyCy) —S1(L3Sy3 + LySy)  —L3Sy38
0 —L3Cy3 — LyC; —L3C53
0 -5 -5
0 C; C;
1 0 0




b. Force Propagation

fx
Apply force on the end effector 4f4 = fy
fz

Fori =3,
fs=3R %= "1
Fori = 2,

C3fx - S3fy
’f, = 3R *fy = |Ssfx + s,

f2

Fori=1

CZ3fx - SZny
1f1 = IR 2f2 = fa

—So3fx — C23fy
Fori = 3,

0
3 = 3R *n, + 3P x 3f, = |—Lsf;
L3fy
Fori = 2,
L3f,S3
’ny =3R *ny + 3P x *f, = —C3Lsf, — Ly f;
L3fy + Lzsgfx + L2C3fy

Fori=1

L3Sy3f, + LSy f;
n, = IR *n, + 3P x f, = |L2S3fy + LoC3fy, + Lsf,
L3Casf; + Ly Cyf,



And this gives

_fx_
O 0 LzCz + L3CZ3 _523 _Cz3 0 fy
T=|1,5; L,Cs+Ls 0 o o 1|l (3 — 20)
0 L, 0 0 0 1){™
n,
[n,

And
0 L,S; 0
0 Ly +L,C3 L
4 — L3C23 + L2C2 O O _ 12
] 25, 0 0 (3-12)
—Cys 0 0
0 1 1-
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Fig.2 3D-4-RRR
a. Direct Differential

C4,C5C6 - S4S6 _C6S4_ - C4_C5 _C4_SS 0

3T — C4-56 + C5C6S4 C4C6 - C55456 _5455 0

6 CeSs —SsS, Cs 0

0 0 0 1

x = dpS4556, — dC4C505
y = —d;C4S56, — d;S4C565
Z = _dTSSQS



O9x = 8405 — C4,5505
Oey == —C495 - 545566
%9, = 0, + C50;

This gives
[ drS4S5 —d;C4C5 0
—d;C4S5 —d;S4C5 0
0 = 0 —drS5 0
0 Sy —(4 S5
0 —Cy —S5,55
1 0 Cs

b. Force Propagation:

6f6=[fx fy fZ]T

CGfx - Sny
°fs = ¢R °fs = fz
_S6fx - C6fy

CSCGfx - CSS6fy - Ssz

4f4 = éR 5f4 = Sefx t+ C6fy
C655fx - SSS6fy + CSfZ

and

nTZ[nx le nz]T

_dey + Ny
6, —
ne=| drf, +n,



—d7S6f,—dC6f, — Ceny — Sen,,
n522R6n6+5P6X5f5: le
_dTC6fx+dTS6fy - S6Tlx - Cﬁny

5

—dS6C5f,—drC5C6f, + CsCony — CsSeny, — Ssn,
*ny, =R °ns + P x f, = +drCof,—drS6f, + Seny + Cn,,
—d7S6S5f,—drS5C6f, + S5Seny — SeSsn,, + Csn,,

This gives
_fx -
—d;S6S5 —dpS5C6 0 SsCq —Ss5S¢ Cs fy
T —d;C6 drS6 0 =S —-C, O A
0 0 0 0 0 1 Ny
0 0 1 0 0 0 ny
[N, |




3D-5-RRRP
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Fig.3 3D-5-RRRP

a. Direct Differentiation

x = (—LzS12 — L1S1)é1 - L251292
y = (L2Ciz + L1C1)0; + L, Ce20,

Z—_d4
0, =0
6, =0
92291+92+63

Then it gives
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[—L3512 = L1571 —L3S1»
L2C12 + Llcl chlz
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Force Propagation:

1
4f4 = fy
| f2

fx
fs=3R*fu=|h
fz

Csfe — S3fy
2fo = 3R °fs = |S3fy + C3fy
fz

C23fx - Sz3fy
i =3R%f, = |Sasfi + Casfy
fz

3 4 3 ~daly
ng =31R "y +3iP X *fs =| d,f,
0

—S3dsfr — C3dsfy
2nz = 3R 3713 + 3P x Zfz = | C3dafy — Szdsfy
LyS3fx + LaC3f,y,

C2 _SZ 0 Ll
=R, +iPx 'fi=|s, ¢, 0|*n,+|0|x £
0 0 1 0




Then we have 17112 = L253fx + L2C3fy + L1C23fy + LISZ3fX'

And

LySs+L1Sys LyC3+LiCas O 0 0O
- L,S; L,Cs 0 0 0
0 0 0 0 0
0 0 100

"L,S3 4 L1Sys L,C3+LiCps 0 0
L,S; L,Cs 0 0
4 = 0 0 0 1
B 0 0 0 0
0 0 0 0
1 1 1 0

O R R




