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Problem 1

The orientations and positions of the frame 1 and the frame 2 are given relative to the frame 0
as °A and°A,, respectively. Plot the frames 1 and 2 and determine *A, graphically and then
mathematically.
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Problem 2

Determine the transformation "™ A
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Problem 3

For the 3-DOF (RPR) robot shown in Fig.P3:
a) Assign the coordinate frames based on the D-H representation.
b) Fill out the parameter table.
c) Write all the A matrices.

d) Derive the forward kinematic equations, 0TH .

x
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Figure P 3: RPR robot

GIVEN:
cosg —cosg;sing, sing,sing, @ cosé,
sing,  cose; cosd,  —sing; cosé  a,sing,

0 sing, cos¢, d,

0 0 0 1
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Link Parameters table:

Link| 6 |d | a |«
1 16 |¢ |0 |0
2 [0 | (¢, (;]-90
3 (6,10 | ¢,]0
Co -S6, 0 0
S Co 0 0
A%l 0 1y
0 0 0 1
[ 0 ¢,
10
=0 10 o
0 0 0 1
co, -S0, 0 (,Cé,
_|se, co, 0 (56,
A<lo 0 1 o
0 0 0 1,
T, =AAA
[co, -S4, 0 01 0 0 r,][ce, -S6, 0 ¢,C6,
op |86 CO 0 0)0 0 1 086 CO O (80,
10 0 1 4|0 -10¢/4|l0 0 1 0
0 0 0 1J0 0 0O 1jJ0 o0 O 1,
‘co, 0 -So, (,CH][co, -S6, 0 ¢,Ch,
op |86 0 CO (56,86 CO 0 L0
10 -1 0 (+4,]O0 0 1 0
0 0 0 1 o 0 0 1,
‘coco, -cose, -S6, (,.Co,+(,COCH,
op _| SOCO, -80S0, CO (86,+(,S0CH,
| -S4, -cCo, 0 (,+0,—(,S6,
0 0 0 1
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Problem 4

The A matrices for the 3 - DOF RRP manipulator is given below:

cos¢, 0 -sing, O sing, 0 -—cos6, O
_|sing 0 cos¢ O _|-cosg, 0 -sing, O
o 1 o0 10 o 1 0 s

0 0 0 1 0 0 0 1

100 O
|01 0 0

Ao 0 1 (,+3

000 1

If the hand frame relative to the base coordinate frame °T, is given as:
0.5198 -0.4226 -0.7424 -8.7947
0.2424 0.9063 -0.3462 1.4158

*"10.8192 0 0.5736 15.1622

0 0 0 1

Then determine the joint variables &,6,,and (,.

0

GIVEN
Some General Analytical Inverse Kinematics Formulas
IF THEN
cosf=b 6= ﬂtanE( +f1-5 z-;-) i.e., both & and -8
sinf =a a= ﬂtan?( 41— ) 1.e,both & and (180-&)
ol =
e 8= Atan 2(a,b)
cos8 =5
= Atan 2[@',5})
aroosd —banf =10 Ptited 1.6, both & and (& £1850)
E=ﬂtan2[—.:z,—b)
T,=AAA
cos¢ 0 —sing 0| sing, 0 —cosgd, 0|1 0 O O
0T - sing 0 cos¢ O | —-cosgd, O —sing, 0|0 1 0O O
S I B | 0 10 0 1 0 5(0 0 1 (,+3
0 0 0 1 0 0 0 1j/0 0 0 1
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[Cose, -S6, -CHCH, -5S6,][1 0 0 O
op _| 8686, CO -S6C6, 5CO, |0 1 0 0
] ce, 0 S0, 10 ||10 0 1 (,+3
0 0 0 1 Jlooo 1
cose, -s6, -Caco, —((,+3)COCH,-556,
or — s6so, Co, -S6C6, —((,+3)S6CH,+5CH,
C6, 0 S6, (£,+3)S6,+10
.0 0 0 1
Given:

0.5198 -0.4226 -0.7424 -8.7947

0.2424 0.9063 -0.3462 1.4158

*"10.8192 0 0.5736 15.1622
0 0 0 1

0

C6, =0.8192 -
6, = atan 2(0.5736,0.8192) = 35

S0, =0.5736

S6,=0.4226
Cé6, =0.9063
(¢,+3)S6,+10=15.1622
(¢,+3)S06, =5.1622
5.1622
3= o3
sin(35)
(,=6

6, = atan 2(0.4226,0.9063) = 25°
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