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Advance Dynamic Final project report

Q1: Derive forward kinematics relationship, given all joint angles theta 1,2,3, what’s the end effector position (x,y,z) as a function

of joint angles and the robot parameters?

Solution
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x) =, +1)cosf; @
ys = (1 +13)sinf; @
l1 =1, cosb, ©
I, =1,cos(6; +6,) @
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x9 = (l; cos 8, + 1, cos(8; + 6,)) cos 05
y2 = (I, cos 8; + 1, cos(8; + 6,)) sin b,
Z, = l3 + ll Sll’l 91 + lz Sln(el + 62)



Q2: Derive inverse kinematics relationship, given the end effector position (x,y,z), what are the joint angles (theta1, theta2, theta3)

as a function of (x,y,z) and the robot parameters?

Solution
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TnaldAnyunliann Inverse kinematic wnuenadlilu Forward kinematic equation
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Q83: Derive the equations of motion (EOMs) of this 3-DOFs Scalar Robot Manipulator.
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T2 = E [l%ef + lgz (01 + 02) + 2lll(:291 CoS 92 (91 + 92)
+ (1,05 cos(6; + 6) + 1,65 cos 01)2]
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—— = + = Q;
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EOM (1)
[1o + my (B + 12 + 241, cos 0,) + I, + kily, + Myl3 + 1y, 6,
+ [ma (12, + L1, cos 0,) + I, + Iy, k2|6, — myly1. 0, sin 6, (26, + 6,)
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+ |1, cos(6; + 6) sin(6; + 6,) + cos O, sin 6, (I, + lef)]] 62
+mygl., cosb; + ng[l1 cos 0, + 1., cos(f; + 92)] + M,gl, cos8; = u,



EOM (2)
[ma(12, + L1, cos 0,) + 1o, + I, k|0, + [mul2, + 1o, + Iy, k3]0, + myly 1, 6, sin b,
+ [mzlc2 sin(6; + 02)(102 cos(6; + 6,) + L, cos 91)
+ 1., cos(6; + 0,) sin(6; + 6,)|62 + m,gl., cos(6; + 6,) = u,
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[Iclcoszel +my (1., cos(6; + 6) + 1, cos 91)2 + 1., cos*(6; + 63) + I, + M,lZcos?6,
+ k21, | 65
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— 21, cos(6, + 6,) (6, + 6,) — 2M,126, cos 6,03 = u;
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Q4: Create the controller for trajectory tracking. You may create the desired trajectory of

the end effector. You should adapt the control law derivation from the case of 2-DOFs Scalar robot manipulator.

First thing to check is that the simulation result should be the same if there’s no rotation at joint 3 (theta3 is

fixed). If your model is valid from this point, then let explore the controller performance when operating in 3D

space. A well-designed controller should be robustly stable and achieve the tracking performance (small tracking

error). Note that tracking error = desired goal — actual response (i.e. error of theta1l = desired theta1l — actual

theta1).
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