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PROJECT ANNOUNCEMENT 
Spring 2026

Title: DESIGN AND EXPERIMENTAL EVALUATION OF A HIGH-STABILITY ROBOTIC MANIPULATOR FOR PRECISION TASKS

Position Ref: CPC_ARM_S26

Type: Group
Status: New
Seats: 2 students

Project Description:
In this project, a robotic manipulator will be designed, analyzed, manufactured, and experimentally evaluated with an emphasis on mechanical stiffness, transmission quality, and dynamic stability. The objective is to develop a multi-degree-of-freedom arm capable of precise positioning and steady interaction with its environment. Students will begin with a literature survey on robotic arm mechanisms, transmission systems, and vibration sources in manipulators. Based on the identified requirements, conceptual designs will be generated and refined into a detailed mechanical design. Kinematic and structural models will be developed to predict workspace, joint loading, deflections, and dynamic behavior. A physical prototype will be constructed, and experimental tests will be conducted to evaluate positioning accuracy, oscillation behavior, and load-handling capability. Analytical and simulation results will be compared with experimental observations.

System Requirements and Design Constraints:
· Minimum number of degrees of freedom: 4 DOF
· Minimum horizontal reach from base: 600 mm
· Minimum vertical reach from base: 800 mm
· Minimum payload capacity at maximum reach: 1 kg
· Minimum continuous interaction force at end-effector: 10 N
· End-effector positional repeatability: ±2 mm
· Visible oscillations after motion stop must decay within 1 s
· Transmission systems must be low-backlash and high-stiffness
· High-backlash hobby-grade geartrains are not acceptable without mitigation
· Structural deflection under load must be modeled and experimentally evaluated
Students must justify choices of transmission type (e.g. belt, cable, cycloidal, harmonic-like mechanisms), joint layout, and structural geometry using mechanical analysis and/or simulation.

Work Description:
· Literature survey on robotic arm mechanisms and transmissions
· Conceptual and detailed mechanical design (CAD)
· Kinematic and structural modeling of the manipulator
· Manufacturing or assembly of the robotic arm
· Experimental evaluation of accuracy, steadiness, and load capability
· Comparison of analytical, simulation, and experimental results



Required Qualifications and Skills:
· Basic knowledge of mechanics, dynamics, and machine elements
· Ability to perform mechanical design using CAD software
· Familiarity with kinematics and basic structural analysis
· Carefulness in manufacturing and experimental measurements
· The project will be carried out on campus

Related UN Sustainable Development Goals:
· No.9: Industry, Innovation and Infrastructure

Difficulty:		high (X)	medium ( )		low ( )

Time commitment: 	high (X)	medium ( )		low ( )

Estimated expense:	To be determined
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