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Abstract

Industrial robotic arms play a very important role in mechanical manufacturing and production.
They are commonly used in grinding, milling, polishing, and handling, among other areas. The use
of robotic arms must be based on a good understanding of kinematics. This paper takes the KUKA
robot arm as the research object and uses the D-H parameter method to establish a mathematical
model of the robot arm. The forward and inverse kinematics are derived, and finite element
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analysis is conducted using ANSYS when considering the robot arm used for milling operations. Link
2 is designed too conservatively, and topological optimization is possible. After optimization, the
mass of link 2 is reduced by 28.8 kg. The forward and inverse kinematics model of the KUKA robot
arm built through theoretical analysis and modeling can be used to calculate the robot end effector’s
position or to solve the joint angles given the end effector position. It provides reference for the
kinematics modeling of six-axis robot arms.
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Figure 1. KUKA Robotic arm’s 3D model
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Figure 2. KUKA robotic arm link coordinate system
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Table 1. D-H parameters

%= 1.D-HE&H

KA a,, a_, /mm d,/mm 6,

0 0 0 &

2 -7/2 260 0 0,

3 0 680 0 0,

4 -7/2 -35 670 o,

5 /2 0 0 0,

6 —7/2 0 0 o,
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Table 2. The solution results of the inverse kinematics of the robot

2. B ANSHFERKBER

KA A a() 6() 6.() a9 %() %()
5 147 20,0000 1000000 140.0000 35.0000 80.0000 42.0000
5 2 4% 20,0000 1000000 1400000 1450000  -80.0000 ~138.0000
4 3 4% 20.0000 1000000 1400000 3250000 80.0000 42.0000
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2 4 Hi 20.0000 —100.0000 140.0000 215.0000 —80.0000 —138.0000
255 Hi 20.0000 —100.0000 140.0000 35.0000 80.0000 —318.0000
% 6 A 20.0000 —100.0000 140.0000 —145.0000 —80.0000 222.0000
7 AR 20.0000 —100.0000 140.0000 —325.0000 80.0000 —318.0000
% 8 A 20.0000 —100.0000 140.0000 215.0000 —80.0000 222.0000
9 A —160.0000 —119.8252 —97.4304 —145.2451 82.2515 43.5882

3 10 4R —160.0000 —119.8252 —97.4304 34.7549 —82.2515 —136.4118
11 AR —160.0000 —119.8252 —97.4304 214.7549 82.2515 43.5882

2512 iR —160.0000 —119.8252 —97.4304 —325.2451 —82.2515 —136.4118
25 13 AR —160.0000 —119.8252 —97.4304 —145.2451 82.2515 —316.4118
% 14 HiR —160.0000 —119.8252 —97.4304 34.7549 —82.2515 223.5882
5 15 AR —160.0000 —119.8252 —97.4304 214.7549 82.2515 —316.4118
3 16 g —160.0000 —119.8252 —97.4304 —325.2451 —82.2515 223.5882
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Figure 3. Finite element analysis result of robotic arm
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Figure 4. Simplified model of topology optimization theory
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Table 3. Natural frequency comparison before and after optimization
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3 668.57 513.19 ~155.38

) Keep(0.6 to 1.0)

BILERRES
0.00 300.00 (mm) /I\\ .

150.00 .

Figure 5. Topology optimization result
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Figure 6. Link 2 redesign schematic
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