
MAE 163B / 263B – Dynamics of Robotic System 

Project No. 3 

Jacobian Matrix  

 

In this HW use the same SCARA robot/gripper defined in HW 2 (SCARA Mitsubishi Arm - Model 

RH-3FRH5515 - Yamaha YRG-4220W 

1. Jacobian Derivation - Derive the Jacobian in a parametric fashion (i.e. do not use 

numerical values for the DH parameters) using the following methods and express all 

the results in the base frame (i.e. frame {0}) and verify that all the expressions are 

identical   

 Velocity Propagation 

 Force Propagation  

 Explicit Method     

 

2. Singularities  

a. Pose Definition - Define all the configurations in which the manipulator will 

reach singularity utilizing the Jacobean matrix. For the purpose of defining these 

theoretical configurations ignore the joints’ range of motion of the SCARA 

Mitsubishi Arm.  

b. Implications - Demonstrate analytically and explain in writing the implications of 

singularities   

 

3. Jacobian Ellipsoid – Note that for the purpose of drawing the ellipsoid the SCARA 

manipulator can be reduced to a 2R manipulator with two link lengths of 325mm and 

225mm (total length 550mm).  

a. Draw the ellipsoid in the range of 0mm to 550mm with increments of 55mm 

b. Calculate the two eigen values  

c. Suggest the configuration of the elbow such that the performance will be 

maximized.    

 

 

 

 

 

 

 

 

 



Arm Definition – SCARA Mitsubishi Arm - Model RH-3FRH5515 

 

Gripper – Yamaha YRG-4220W 

 

System Configuration  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Appendix Technical Information  

 

SCARA Mitsubishi Arm - Model RH-3FRH5515 

https://us.mitsubishielectric.com/fa/en/support/technical-support/knowledge-

base/getdocument/?docid=3E26SJWH3ZZR-38-2664 

 

https://us.mitsubishielectric.com/fa/en/support/technical-support/knowledge-base/getdocument/?docid=3E26SJWH3ZZR-38-2664
https://us.mitsubishielectric.com/fa/en/support/technical-support/knowledge-base/getdocument/?docid=3E26SJWH3ZZR-38-2664
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Gripper – Yamaha YRG-4220W 

https://global.yamaha-motor.com/business/robot/lineup/yrg/w/ 

https://global.yamaha-

motor.com/business/robot/lineup/yrg/w/pdf/index/yrg_2005w_2810w_4220w.pdf 

 

https://global.yamaha-motor.com/business/robot/lineup/yrg/w/
https://global.yamaha-motor.com/business/robot/lineup/yrg/w/pdf/index/yrg_2005w_2810w_4220w.pdf
https://global.yamaha-motor.com/business/robot/lineup/yrg/w/pdf/index/yrg_2005w_2810w_4220w.pdf


 

 

 

 



 



 



Connection Between the Tip of the Robot and the Gripper  

Notes (Assembly drawing not to scale) 

 Connective Block (marked by a blue cube) with a high of 60mm 

 Left jaw if the gripper (marked by a yellow cube) and right jaw of the gripper (marked by 

a green cube) each with a height of 20mm  
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Note  

 Assume that the bottom of the computer chip grasped by the jaws is fleshed with the 

face of the gripper as it is being placed on the PCB  

 

 

 

 

 

 

 


