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Consider the following Puma 560 robot arm with four rotary joints in Figure

Q1.

(a) List FOUR (4) Denavit-Hartenberg rules to obtain Denavit-Hartenberg
parameters

(4 marks)

(b)  Evaluate the Denavit-Hartenberg parameters for the Puma 560 robot
arm by applying the Denavit-Hartenberg rules.

(8 marks)

(©) Derive the forward kinematics matric Hy for the Puma 560 robot arm
(6, -CaSO SaSO aCh
oo 56, Ca(CB -Salh aSe,
a S  Ca d
0 0 0 1

(13 marks)

(a) Define the FIVE (5) differences between Forward Kinematic and

Inverse Kinematic.
(5 marks)

(b) Figure Q2 shows a spherical arm with two rotary joins and a prismatic

join. The seven trigonometric equations and their solution are given in
table Q2. Analyse the inverse position ( joint angles) of the spherical
arm by using the seven trigonometric equations.

_561 Cel 692 C91$92 d3 C91592 + d2591
H3 _— C61 Selcez 501592 d3$91$92 == d2C91
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0 _592 —692 dl G d3 Cez
0 0 0 1

(20 marks)
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Q3  Figure Q3 shows a three-link RRR spatial manipulator with assigned frames and
link parameters as tabulated in following table Q3.

(@)

(b)

(c)

¢y

Derive the transformation matrix of H.

(8 marks)

(6 -CaS6  SaS6, a(h

H S0, Ca(B, -Sa(6, aSH,
=1 =

Sex Ca d

i i 1

0 0 1

Calculate the Jacobian of the linear velocities of the RRR manipulator.
(8 marks)
Briefly discuss about the problem of singularities.
(2 marks)

Analyze the singularities of the two simple two-link arm as shown in
Figure Q3.
(6 marks)

Q4 The second joint of Stanford arm manipulator is required to move from an initial
position of 20 degrees to a final position of 68 degrees in 4 seconds. Assume that
the joint starts and finishes at zero velocity.

(a)

(b)
(©)

Design the cubic polynomial that connects initial joint-angle position
with desired final position.

(6 marks)
Find the joint velocity and acceleration along the path.

(4 marks)
Calculate the position, velocity and acceleration of this joint at intervals of
1 second and sketch their plots against time.

(15 marks)

-END OF QUESTIONS-
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Table Q2
Equation Solution
(@) sin®=a 0 = AranZ(a, + 4/l - az)
(b) cosO=h 0 = Aran2 (iJ1 — b, b)
joB =0 0= Aran2 (a. b)
lcos B = b
(d) acos® — bsin® =0 0" = Atan2(a, b)

0? = Atan2(—a, —b) = n + o

0" = Aran2 (C, @+ b= o )

Al v
(e) acos® + bsin® = ¢ —Atan2 (a. b)
= Aran2 {c. Na+b-¢7 )

— Aran2 (a, b)

Bl:

(acos® — bsin® = c
40(?5 7 ‘ 0= Aran?2 (ad —bc, ac+bd)
\asin® + bcos® = d
isinasin,[;’ = W l a" = Atan2 (a, b)
(¢) <casasmfi = b 4 ¢ — -
[ | BY'= Atan2 (\’a' + b, c)
s ff = ¢ L ]
[ @®= Atan2 (-a -b) = 7+ at
ﬁ BY = .»han’.l(—\'a: + b, c)
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Figure Q3

Table Q3 Three-link RRR spatial manipulator link parameters

i Qi-1 ai-1 d; é
1 0 0 0 &
2 -90° 0 0 &
3 0 az d3 &
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