National University of Singapore Department of Mechanical Engineering
MEA4245 Quiz 2 19 Sept 2007, 16:00-17:00

Name: Matric Number:
(as it appears in your NUS Student card)

Answer all the two questions in this quiz. Please make sure your answers and all expressions are
complete. Please note that the 2™ question is at the back of this page. This is an open-book/notes quiz.

1. Fig.1 shows a 2-joint robot with the 1* joint rotational and the 2™ joint translational. The robot
operates in the Xy plane of Frame U. The first link is of length 1 m and has an axis of motion aligned
with Z,. Frame E is attached to the end of the 2™ link which translates along Xg. The 2™ link is at an
angle of 60 degrees with respect to the 1* link as shown in the figure. The joint variables are B and p.

¥z a. Define and attach frames to according to the Denavit
Yy, Xe Hartenberg convention given in class.
b. Determine the kinematic parameters that relate the relative
60 - position and orientation of adjacent frames. Indicate which
. parameter is variable and relate it with the joint coordinates 3
and p
Xu c. Derive the expression for "Tg (You don’t need to simplify the
e expression) :
| %o X d. Derive the complete manipulator Jacobian and simplify the
=z expression
i \ e. Does this robot have any singularities? Explain the reason for
Fig. 1 your answer. If it has singularities, describe the singular
: configuration(s) and corresponding singular direction(s).

Note : X
¢ 7(|\SMMM_JO~WW7(0), K wmevo e Lok 4

AR L Ll 4

R %=D\ o) ‘ﬁ/zk*?ozr
2. t-'OLDi.\_/L;*_f* 0 | %

v
t

i |

L Cbl"‘/),'fr e ﬁ/}/

i‘.: B-3" =0 O o NSy 1%40"\' 2, powetlid |

u _ W o— 7T 2 R ' i v yu
Te=*T )2 Te b [ =K mBy omy oy A ind,

| - O O | @ T\ - é')\% 0041 amg_.
u7y - T 2 - { 0 /- - v l b - ;*\\M 'Q'Jg " [N -
e T, 13x3/ le: (o : fg %1 5 L o e «c,n(o{-‘ Uodiomns,
(o) (o) Io) | L, ' \ v:
Y 0
o A=t fenfarior) o O L

2.6
fromh et - mpponlp @) i
Unz —$mp A pen(p60) P n(peco’) B | ”JE: o +PC¢;((A(GO°) wm((éféo“)
u7= Lnpb t fgew((mo") +[ag,m(7uéo")lg o O

\
_ Page } of 2 o
(M)(."(A)s’ “uz - O O
UW&" R _ __ i_ o




1o cudl
Q{M‘SWQG«M'{TL,;
Rews 1+ 2 ( ux, Uy Yook
At (3,) = =y Sufgre0) —p s (preo”) GOPW(Pféo)“/)Cnl(fféaj

= ——(0 -1
W&% 0Cc s When. {D: B

(.
k- fooh, PO b
ﬁ/,.jl/" e (an ?w)zr\/\ rff

Rms |, (:_ (Cu,x/ “‘z—) Yed
I (5,) = - Cr)(ﬁ.réoo)
C/")((S+éo°3>0 F*QOO-’G’OO /$=3'o°

| s
(‘"“r shae mRL ()iujml,uhk
bowe 2 ¢ (uy, wa) =L )
Yu
M(lz{,] = —91,\@*60&9:’-0
-
F*GD‘LO p=-c0"
| T

f)du_ JMJLMQ,—}'U U\/ NIRE N
Tt 1% 0 Gl 2 DO Y]

M Lok 2 Yoo Cwpdan 5 b bt mkmlwajg o . DO fuf




2. Figure 2 shows Robot 1 and Robot 2 with N; and N, joints respectxvely Their manipulator Jacobians

are known: A
J
J, ={ H] where J and J_ are 3 x N, matrices E
J A a EZ
o,
T, .
J, = . where J, and J, are 3 x N, matrices By B, Fig. 2

Frames B; and E; represent the base and end-effector frames of each robot. Robot 1 carries Robot 2

according to a known relative position and orientation of E; and B,. Derive the expression for the

complete manipulator Jacobian of the (N{+N3) robot in terms of the following known expressions:
aRE.’ Engl’ BzRﬁz’ RPEI’ E‘Rﬂ;’ﬁp&"’n"’q"’w sz

This manipulator Jacobian relates the velocity of Frame E; in Frame By with the Ny + N, joint

velocities. Simplify the final expression for the manipulator Jacobian.
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