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PROJECT OVERVIEW
In a time when “better, faster, cheaper” are words to live by in the manufacturing world, My goal is to design a low cost planar mechanism robot actuated by two windshield wiper motors to be used in abrasive water jet cutting. Different techniques will be used to confirm a good quality at a low price. The design will be targeted toward third world and evolving markets where precise machines at a low cost may be a solution to the current economic and industrial need to raise production quality. The machine will be inexpensive and small enough to be placed in hardware stores, garages and small machine shops for custom cutting any material. Not only companies will benefit from the design but also all technicians, artists, universities, school shops and people who will get the machine to turn their ideas into parts. 
The purpose of designing a new machine is to best satisfy the needs of the customer who expects to profit from the investment. To achieve this goal, the Functional Requirements (FR) or static design goals, must be defined and used as the highest level of guidance. 
Table 1: Functional Requirements:
	Work Envelope
	310mmx310mm

	Max acceleration
	0.1g’s

	Max velocity
	3810mm/min

	Resolution
	0.5mm

	Cost
	Less then $500


The architeture of the 2 DOF proposed design is sketched in Figure 1. Planar manipulators with 2DOF can be one of 20 different combinations [11]. However this number is reduced to one with the actuators being rotary and attached to the ground. The closed 5-bar linkage can be considered as a PPM, composed of the two serial sub-chains O-D-P and O-A-C-P (see Figure 1), connecting the EF P to the base.
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Figure 1: Architecture of the proposed mechanism: 
(a) general case, (b) symmetric case
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dETAIL CONCEPT
To reduce and simplify the machining process of the yoke while keeping the stiffness, a new C concept as shown in Figure 2 was designed. Figure 3 is a picture of the prototype joint fabricated.
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Figure 2: Prototype of the proposed rotary joint

Actuation and controls
For mechanisms with linear actuators, several options of actuation are available: hydraulic, pneumatic, piezoelectric, electric, etc… However for revolute joints, electric motors are the best choice to use. In an attempt to further cut the price of the machine, DC windshield wiper motors will be used. These motors are very easy to mount as shown in Figure 3 and posses enough Torque to actuate the machine at the desired speeds. Two rotary encoders can be used in the design and are connected to the output shaft through a helical flexible coupling. The output shaft from the encoder cannot handle radial loads and misalignments. Hence flexible couplings are the perfect hardware to use. Figure 4 is a model of the motor output shaft connected to the encoder. 
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Figure 3: Mounting the Ford windshield wiper motor
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Figure 4: Encoder mounting model
Prototype

A full scale prototype was fabricated. Figure 5 is a CAD model of the full scale prototype and Figure 6 is a photograph of the fabricated model.
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Figure 5: CAD models of the full scale prototype 
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Figure 6: Models of the full scale prototype 
WORK to be done

A controls system should be designed with an optimized selection of encoders and motors.  An improved second prototype is still under construction. Parts to be designed include bellows to seal the joints, and amounting mechanism for the jet nozzle. The whole machine should be packaged into a product.  
A mini nozzle with high precision, supplemented with a pump will be supplied by OMAX once the machine is done.

resources available
Lab space is available in the Precision Engineering Research Group Lab. Hardware available include a DSPACE station to run and model the SIMULINK control models if microcontrollers are not selected for the controls process. 
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