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Abstract

The outlined project is an investigation into a material handling methodology for the robotic extraction of a two-hundred pound dummy.  It is a proof-of-concept prototype that shall have the capability to extract a “Rescue Randy” manikin onto its conveyor platform, provide neutral head and neck stability during the extraction process, and deliver the dummy through rough terrain and small obstacles to a desired destination.  The robot is composed of two portions: iRobot’s WARRIOR mobility platform and an extraction-unit called ATHENA (Automated Tele-medical Human Extraction in Near-hazardous Areas).  The ATHENA portion of this rescue robot consists of a two stage conveyor that expands and contracts in length, a head-support cushion, and a lift mechanism that wedges beneath the shoulder-blades.
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The Need for Project 

	ATHENA is a rescue robot prototype that tests an extraction methodology to evacuate a victim without the physical intervention of a rescuer.

	ATHENA is a rescue robot prototype intended to be the first of many designs that will ultimately lead to a robot used in areas too dangerous for humans to physically enter.  The extraction methodology is scalable in concept so it could be developed further with the intent to send it into hazardous scenarios to evacuate a victim. The ATHENA prototype demonstrates the design methodology for the extraction of a two-hundred pound dummy, lying flat-back and face-up, in an indoor setting and is robust enough for further testing and modification of the extraction concept.


The Design Project Objectives and Requirements 

	Overall design direction and constraints stem from iRobot WARRIOR’s integrated range of motion as a robotic mobility platform.


	Design Objectives
ATHENA demonstrates a human extraction material handling methodology and has a degree of modularity so it may be modified accordingly during testing.  WARRIOR directs ATHENA’s overall size and mass budget.  Overall design direction and constraints stem from WARRIOR’s integrated range of motion as a robotic mobility platform.
Design Requirements

The intent of the ATHENA project is to build, test, and demonstrate a material handling methodology of human extraction using iRobot’s WARRIOR mobility platform.  The material handling methodology is the overall concept of how the extraction would be performed using the ATHENA prototype and a 200lb Rescue Randy manikin.  The prototype handles a two-hundred pound pressure point at any location in its structure and it can fit through standard doors for demonstration purposes.  The degrees of freedom, number of motors, and control applications are minimized for design simplicity and the prototype is weight reduced as much as possible.  The methodology is optimized to use many of WARRIOR’s previously integrated motions.




Design Concepts considered 

	The design of ATHENA evolved from development of the material handling methodology which was continuously evaluated until it satisfied the project requirements and scope.  


	The design of ATHENA evolved from development of the material handling methodology and assumes head-first approach for human extraction.  The head-first approach allows for the victim to lie in different positions because the conveyor causes the hips and legs to align onto the platform when the robot aligns with the upper torso, head, and extracts the upper portion of the body.  The material handling methodology was continuously evaluated until it satisfied the all of the requirements, bio-metric considerations, and the project scope. 
The technical specifications of ATHENA components stemmed from concerns in integration and functionality of each individual component.  The selected parts were evaluated based on size, shape, cost, and compatibility within the whole system.


Recommended Design Concept 

	The ATHENA material handling methodology assumes a head-first approach for human extraction.   The shoulder blades are lifted to provide an access point for the conveyor belting, the belt is unfurled underneath the victim’s back until their body weight is resting on the material, and the body is conveyed up the platform via a central lead-screw drive.


	Design Description 
The extraction process begins by extending a head support cushion an angle toward at the back of the head.
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The head support pillows are pushed into the floor and move toward the victim’s chin to encompass the head and provide neutral support against gravity.  Forks are pushed into the shoulders and wedge the upper back off the floor.
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A second platform extends into the access point created by the forks in shoulder-lift process.  The extending platform unfurls conveyor belt material underneath the dummy’s back until its weight is supported by the belting.
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The conveyor belting is fastened to the head support mechanism and unfurls off a spring loaded roller located beneath the payload.  The head support is driven up the platform via a central lead screw drive.  This conveyance delivers the dummy to the surface of the ATHENA robotic payload prototype.
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Analytical Investigations 

The frame structure of the prototype nests the slide members of the extending platform, serves as the encasing for the extending platform when it is enclosed, has a top surface where the dummy rests, and nests the central lead-screw drive.  The driving dimensions for the litter stem from WARRIOR’s platform dimensions of 20” by 30”, the size of the central-lead screw rails and mounts, and the size of the spatula’s slide members.  Heavy-duty high capacity drawer slides are used for the extending platform.  The drawer slides are required to support the weight of the spatula’s structure and the weight of the 200lb dummy.  The litter frame supports run the length of the WARRIOR platform with an overhang of 10” for total encasement of the 40” drawer slides.  
The extending platform’s components and dimensions are constrained by the size of the litter, the drawer slides, the pulley diameter of the conveyor belting, and the overall length is determined by the offset angle between the top of WARRIOR and the floor.  The conveyor belting is driven via a central lead-screw drive nested in the frame structure.  Working as a power screw, it uses a ½”-10 pitch lead screw and the torque can raise 300 lbs vertically. A mounting fixture holds the primary bolt pattern which interfaces with the lead-screw powered platform block.  This mounting fixture serves as the primary interface between the powered lead screw, the effecting forks, and the conveyor material.  The forks allow for bending forces resulting from cantilevering the body weight and provide an interface for the head support to slide using a combination of linear rails and steel machined parts.  The combination of these mechanisms creates the ATHENA proof-of-concept prototype that will perform the extraction and conveyance of a 200lb Rescue Randy dummy. 
Key Advantages of Recommended Concept 

The material handling concept and technical specifications give the prototype a degree of modularity so it could be modified during testing.  It has a minimal number of motors and degrees of freedom, it is complimentary to iRobot WARRIOR’s integrated ranges of motion as a robotic mobility platform, the head and neck are supported from gravitational forces, and a dummy’s body can be moved from a crumpled position to a flat-back and face-up position using the head-first approach to extraction.


Financial Issues 
	The ATHENA prototype cost $4500 and most of the parts were purchased from McMaster-Carr.
	The ATHENA prototype was budgeted at $5000.  Total cost of purchased parts was less than $4500, not including miscellaneous stock material from the machine shop.  Most parts were purchased from McMaster-Carr.  The RC controller was purchased from Vantec and motors were purchased from Robot Marketplace.  Motors and controllers cost about $1000, stock material cost $750, rails and linear systems cost $1800, and miscellaneous parts were less than $900.


Recommended Improvements 
	ATHENA requires integration of electronics and mounting onto iRobot WARRIOR for testing of the material handling methodology.
	ATHENA requires integration of electronics and mounting onto iRobot WARRIOR for testing of the material handling methodology.  The prototype can further be weight reduced by designing custom slide systems and choosing lighter materials such as titanium, Delrin, and aluminum super alloys.  After integrated testing, the extraction process should be modified accordingly by developing features, details, and appendages that enable the extraction of a dummy located in tighter areas.
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