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1. Introduction

NASA Marshall Space Flight Center (MSFC) at the National Space Science and Technology Center (NSSTC) requires a customized vehicle facility to deploy instrument payloads over the ground for periods of several weeks or more associated with instrument development and remote sensing experiments.  This text is the technical specification document for the procurement of this specialized vehicle hereafter referred to as PATRIOT—Platform for Aerial Testing of Research Instrument Operations and Technologies.  The contractor shall design, fabricate, and deliver the system that meets the specifications contained in this document by March 1, 2007.  Teaming by the contractor is allowed.

2. Background

The PATRIOT requirement is driven by program growth in microwave remote sensing at the NSSTC and the need to frequently test instrumentation in a field setting. 

The NSSTC will soon be developing microwave sensors for deployment on unmanned aerial vehicles and microsatellites.  Expectations are to begin launching satellites as early as late 2008 with a 10-12 month frequency and with increasing frequency after 2010.  The surface hydrology group at the NSSTC has been involved in soil moisture remote sensing for 15 years and has participated in a leadership or coordinating capacity in numerous soil moisture validation field campaigns for airborne and space borne microwave instruments.  This team is augmenting its capabilities with procurement of a ground-based L band radiometer and radar system to support on-going R&D and validation of data collected from airborne and space borne sensors.  This ground-based instrument system and others like it will be deployed for extended periods of time for testing and during experiments in support of algorithm development and validation.  Instrument payloads and associated structures may weigh as much as 700 lbs. (320 kg).  

3. Technical Requirements

3.1. Operational Requirements

3.1.1. Deployment
The PATRIOT shall be capable of safely lifting up to 700 lbs. (320 kg) of instrumentation fixed to an aluminum chassis and holding it stationary above ground on either side of the vehicle for extended periods of up to three weeks at a time and periodically (i.e. hourly) sweeping 360 degrees of azimuth with precision.  The instrumentation will be controlled by computer software operated from a custom-made cabin-like body compartment that resides on the back of and is integrated into the PATRIOT chassis.  

3.1.2. Environment

The PATRIOT must be capable of operating outdoors continuously and holding a payload at a nominal height of approximately 45 ft. (14 m) above ground for periods of up to several weeks in a wide variety of field settings with temperatures from -4 - 113° F (-20 - 45° C) and relative humidity from 10 - 100 %.  The boom shall withstand wind gusts of up to 30 mph (48 kph) and vibrations caused by such buffeting.  The control system electronics and cable connections must be sufficiently protected from the environment to allow for continuous operation without degradation due to temperature variations, solar radiation, sand, dust, atmospheric salt, and moisture (condensed and water vapor).

3.2. Design Requirements

3.2.1. Vehicle Unit

Need for a commercial drivers license should be avoided in design of the vehicle.  The vehicle including boom and rear body compartment shall be within U.S. Department of Transportation legal height and other limits.

Chassis—Sized appropriately for boom and body compartment with undercoating applied to protect against corrosion.  The chassis shall be equipped for towing capability.

Engine—Diesel with remote start/stop provision.

Transmission – Automatic with power take off (PTO) provision. The transmission PTO will operate the outriggers and any other ancillary non-boom functions.  The PTO from the generator will perform all boom operations.

Cruise Control—Required 

Torsion bars—Required 

Outriggers—At least one on both sides, capable (with torsion bars) of supporting the truck with the 700 lb (320 kg) load deployed in any position relative to the vehicle.

Hydraulic overload protection—Required 

Hydraulic side load protection—Required 

Back-Up Alarm—Required 

Paint —White on all exterior surfaces (except rear decking) with finished surface resistant to chipping, scratching, abrasion and corrosion.

Generator—12 kW single phase, 120 V, 60 Hz diesel generator with power take off provision that shares the truck’s fuel tank.  The generator shall provide pure sine wave output at 60 Hz as it will be powering electronic equipment.  Mounting beneath the bed is preferred in a separate compartment with access from the street side (left) of the vehicle.  Exhaust discharged above the level of the compartment roof is preferred.  Street side (left) exhaust discharge shall be avoided.  The generator shall operate the boom through the PTO while conducting experiments.  Remote start/stop for the generator is required.  Vibration isolation and sound abatement is required.  Provisions shall also be made to allow the body compartment’s electrical needs to run off of commercial power through a 30 amp twist lock plug.

Emergency Power—3600 watt inverter system to power compartment lighting (interior and exterior), switch to transfer power from generator to inverter.

3.2.2. Boom

Boom Type—Articulated with no telescoping components except in lowest portion of the boom above the frame mounting kit or spacer is preferred.  Telescoping boom will be considered if provisions can be made to fully support cables that run up the boom to the instrument payload.  Full pressure proportional hydraulic control system is preferred.

Boom Power—Boom power shall be supplied through both engine and on-board generator through PTO mechanisms.

Load Capacity at Tip of Extended Boom—700 lbs. (320 kg)

Boom Tip—The boom tip shall be designed to allow mounting of an instrument chassis to the tip of the boom.  This tip shall be hydraulically controlled to rotate through at least 250 degrees of vertical rotation and at least 45 degrees of left/right rotation.  The tip shall be capable of handling a 700 lb. load through the rotation extent.  The instrument chassis shall be easily removed when not in use and when boom is stowed for vehicle movement.  

Operational Height/Reach Requirements—Boom tip height shall be capable of reaching a height of at least 45 ft. (14 m) without a specific reach requirement and shall be capable of reaching a height of at least 33 ft. (10 m) with a reach of 25 ft. (7.6 m).

Hydraulic System—Required 

Boom Angular Range—Boom tip shall be capable of reaching the ground and to an angle of 80( with respect to the ground.

Boom Tip Tilt Range—The boom tip end member must be capable of rotating a device vertically through a range of 250°.

Boom Tip Rotational Range—The boom tip end member must be capable of rotating a device left/right a range of 45°.

Boom Turntable Rotational Range —0°-360° azimuth with continuous rotation.

Hold Stability—Boom tip shall remain stationary with 30 mph wind gusts with 12 ft2 (1.1 m2) surface area on instrument payload chassis.  Hydraulics shall prevent the boom tip from sagging down more than 2.5 inches (6.4 cm) over 12 hours with 700 lb. (317 kg) payload.

Rotational Speed of the Boom—Variable rate between 0.25( to 2.0( per second with controlled speed capability during instrument operation.  Faster rates expected for coarse positioning.

Cable Tray—Attached to side of boom; capable of holding up to 8 electrical, coaxial, or fiber optic cables

Two Control Stations—The control station outside of compartment overrides control station inside compartment

3.2.3. Preferred Chassis and Boom Specifications

Automation—Capability to operate boom through automation software supplied by NASA. Requires electronic access links (serial or Ethernet) for remote control operations.

Positional Knowledge of Boom—Readout display of boom azimuth and angles and/or digital signal for use with computer system provided by NASA.

3.2.4. Body Compartment

Interior Space—Sufficient square footage to accommodate at least 3 persons seated. 

Body Material—Standard materials and composites common in the recreational vehicle industry; metal siding should be avoided; insulation sandwiched between exterior and interior walls

Corners—Metal reinforcement is preferred

Passive and Active Ventilation—Passive ventilation can be met with sliding and opening windows in the walls and door and vents.  Active ventilation is via air conditioning unit with fan and cooling modes.

Heating and Air Conditioning—Approximately 10,000 BTU; wall unit preferred over roof-mounted unit and away from generator exhaust discharge.

Door—1 door at rear of compartment with screen and sliding window; swings outside; lockable

Windows—1 sliding window on each side of the truck and hinge on top to open fully; curb-side (right) window behind desk and slightly elevated to view instruments at approximately 30-45 ft. while seated; 1 sliding window on the door

Cable Routing Ports—Weather resistant pass-through ports in body wall with approximate dimensions of 4” x 6” or 5” x 5” through which to run electrical and data cables.   These ports shall have a latchable door that can be closed when not in use.  The front port should be located near the base of the boom.  A rear port should be located on the rear wall or on the street side (left) near the rear.

Electrical Wiring—All provided 120 V wiring and receptacles shall be installed in surface mounted conduit “wire mold” or equivalent. Provisions shall also be made to provide connection to external commercial power through a 30 amp twist lock plug.

Drip Rail—Required above all exterior cabinets

Stowable Stairs—Mechanical, deployed by hand

Ladder to roof—Integrated into compartment body

Catwalk—Roof-mounted catwalk to service boom

Rear Decking—Preferred; 24-36” (61 x 91 cm) deep from rear wall of body

Awning—Retractable awning installed on street side (left).

Desk—At least 24” x 60” (61 x 152 cm) surface, height of 27” with option to raise to 32”, clear of cabinets located beneath. Locate on curb side (right).  Provide at least two 4” x 12” (10 x 31 cm) slots at wall to pass power cables to outlets on wall beneath desk and data cables to floor.

Counter top surfaces—Additional counter top work surfaces with cabinets below and above should be included as space allows.

Space for Computer Rack—floor space shall be allocated for at least two standard computer racks that have footprint of 24” wide x 42” deep.  One of these spaces will be left unoccupied and the other shall be occupied by a modular cabinet (see below).

3.2.4.1. Cabinets

Exterior Access Storage—At least one storage cabinet on each side required for safety cones, wheel chocks, outrigger pads, etc.  One or two additional insulated cabinet(s) is(are) required measuring at least 45” x 45” x 12” (11.4 x 11.4 x 30.5 cm) to accommodate blackbody target(s) with dimensions of 42” x 42” x 8” (106.7 x 106.7 x 20.3 cm).  Vertical orientation with the 12” (30.5 cm) dimension perpendicular to the long axis of the truck is preferred for these, but will consider alternative arrangements.  Additional cabinets desirable.   All cabinet doors shall include keepers to hold door open.

Generator Cabinet—Below rear decking is preferred with street side access if possible.  Vent to the roof if air conditioning intake is not on the roof, otherwise vent below truck

Interior Storage—Fill available space with stacked vertical units and/or smaller ceiling mounted units where possible. All doors shall be above floor decking by at least 8’’ (20.3 cm).  All cabinet doors shall include keepers to hold door open.  Modular cabinet: At least one vertical cabinet unit should be of modular design with width equal to a standard computer rack (24” wide, 61 cm) such that it can be easily removed and replaced with a computer rack as needs change.   

3.2.4.2. Lighting

Exterior Lighting—1 recessed flood light on left and right side and rear; independent switches accessed from left or rear outside of vehicle

Interior Lighting—1 DC light; 1 or more AC ceiling lights and lights under ceiling-mounted cabinets

3.2.4.3. Electrical Power

Power (Electric)—120 Volt AC

Exterior Outlets—4 outlets (120 V) on the curb side (right) or rear

Interior Outlets—6 outlets (120 V) behind each computer rack space and 6 outlets under desk

4. NASA’s Responsibilities

NASA personnel shall provide technical direction, mechanical engineering and fabrication of the instrument payload chassis (IPC) and coupling interface to attach the IPC to the boom tip, and support the operation of the PATRIOT at remote facilities.

NASA shall make provisions to provide required power at the boom tip with appropriate Ground Fault Interruptible circuit.

NASA will provide the computer for automated control of the boom.

5. Delivery

5.1. Schematics and Manuals

Schematics associated with the total PATRIOT design shall be provided to NASA within 21 days following the Critical Design Review.  This will allow NASA to begin design and fabrication of the IPC and the mounting bracket interface between the IPC and the boom while the vehicle customization is being performed by the contractor.  All final schematics and vehicle operations manuals shall be provided to NASA upon delivery.

5.2. Verify Operation

Operational functionality of the PATRIOT with a 700 lb. (320 kg) load will be demonstrated by the contractor prior to delivery.

5.3. Training

The contractor shall train NASA operators on all PATRIOT systems developed herein upon delivery.  

5.4. Vehicle Delivery

The PATRIOT shall be delivered to NASA/MSFC by the contractor on or before the required completion date, however NASA may chose to pick up the PATRIOT from the contractors location.

5.5. Warranty

The contractor shall provide the manufacturer’s standard drive train warranty on the chassis and warranty the boom, generator and body compartment components against failure for a period of at least 1 year.

6. Communications and Schedule

A Critical Design Review (CDR) will be held at NASA/MSFC when the design is at least 70% complete or no more than 90 calendar days after contract award.

Schematics for the boom tip are to be delivered within 21 days following the CDR so that NASA can begin fabrication of the interface for the IPC.

Delivery of the complete PATRIOT system is required by March 1, 2007.

