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Development of Small Manipulator Platform for Composite
Structure Repair

Geun-Su Song*, Hyo-Hun An*, Kwang-Bok Shin*"

ABSTRACT: In this paper, kinematic design and multi-body dynamics analysis were conducted to develop a small
manipulator platform for automating the maintenance of structures made of composite materials. To design
manipulator kinematically, the existing composite repair process was considered. The 3D design was conducted after
selecting the basic specifications of manipulator and end-effecter in consideration of the patch lamination process for
repair. Then, variables necessary for simulation and control were generated in MATLAB through inverse kinematic
analysis. To evaluate the structural stability of platform, multibody dynamics analysis was conducted using Altair
Inspire and Optistruct. Based on the simulation conducted in Inspire, multibody dynamics analysis was conducted in
Optistruct, and structural stability was verified through the results of maximum displacement and Von-Mises stress
over time. To verify the design, manufacturing and controlling of platform were conducted and compared with the
simulation. It was confirmed that the actual repair process path and the simulation showed a good agreement.
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Fig. 1. Kinematic design flowchart of manipulator
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Fig. 2. Schematic of manipulator motion



110 Geun-Su Song, Hyo-Hun An, Kwang-Bok Shin

Fig. 3. Schematic of maximum torque generation motion for
joint 1

@
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Fig. 4. Schematic of maximum torque generation motion for
joint 2
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Table 2. Specifications for motors of manipulator
Table 1. Torque range of each Joint Motor Name Stall Torque Weight
Joint Minimum required Torque range (Nm) Motor 1 XD540-T270-R 9.90 Nm 170 g
Joint 1 6.50 ~7.92 Motor 2 XD540-T150-R 7.10 Nm 170 g
Joint 2 372 ~4.12 Motor 3 XM430-W350-T 4.10 Nm 82¢g
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Table 3. Specifications for parts of manipulator

Part Material Dimension Weight
Link 1 43 x 25 x 142.25 mm® 140 g
Link 2 AL 6061 43 x 25 x 124.95 mm® 138 g
Link3 66 x 30.5 x 52 mm’ 87¢g
Roller | Urethane 20%x 7 X 50 mm’ 73 g

58.5mm i
B <05mm B |523mm -
Z6mem - |142.5mm 25mm ;E 124.95mm ® o
| 16.5mm I |17
¢ j45_?3mm & 46:23mm ¢ |22mm

< Link 1 assembly > < Link 2 assembly > < End effecter assembly >

Fig. 6. Dimensions and 3D shape of manipulator assemblies
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Fig. 7. Dynamic behavior of manipulator during process time
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Table 4. Maximum torque of each motor and occurring time

Motor Stall torque Max torque Time
Motor 1 9.90 Nm 10.53 Nm 12.03 sec
Motor 2 7.10 Nm 4.51 Nm 12.03 sec
Motor 3 4.10 Nm 0.08 Nm 3.17 sec
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Table 5. Motor specifications before and after change

Before
Motor Name Torque Weight
Motor 1 XD540-T270-R 9.90 Nm 170 g
After
Motor Name Torque Weight
Motor 1 XM540-W270-T 10.60 Nm 165¢g
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Table 6. Weight specifications of final manipulator
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Table 7. Number of elements and nodes of finite element model

Number
Nodes 1,054,728
elements 606,453

Table 8. Material properties of finite element model

Total mass
Part M Total
ar ass (g) (except motor) otal mass
Base Plate 420
Link 1 140
860 g 1,300 g

Link 2 138
End effecter 160

Properties AlSil0Mg Al 6061 Urethane
Elastic Modulus (GPa) 68.6 70 0.15
Poisson’s ratio 0.3 0.33 0.4
Density (kg/m?) 2670 2700 1059
Yield Strength (MPa) 250 286 55
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Link 1 Link2  |End effecter
Displacement (10> mm) 0.7 0.1 0.4
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Table 10. Comparison angle for each joint Motor

Simulation angle (Degree) |  Actual angle (Degree)
Stepl | Step2 | Step3 | Stepl | Step2 | Step3
1 14.89 | 46.04 | 23.56 13.85 47.52 | 24.75
2 17.63 91.2 156.8 | 17.34 | 92.26 | 157.1
3 57.75 42.7 0 57.71 42.06 0

Motor
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Table 11. Actual compaction forces

Compaction force Current Torque Force
measuring method (A) (Nm) (N)
Current-Torque 28.03
3.93 8.41
Load cell 27.28
Multlpody d.ynamlc i 10,53 30
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