Flight Loads Laboratory 

Hydraulic Control System for Load Frame Machines and Evaluation 

Specifications

1. Introduction

1.1.1. This document presents the purchase specifications for a digital hydraulic servo control system specifically and exclusively to control hydraulic pressure to linear actuators in a dedicated laboratory application.
1.1.2. The system defined herein will not be used on any manned or unmanned aircraft or spacecraft systems, including; avionics software, real-time control systems, onboard processors, Deep Space Network, spacecraft instrumentation software, wind tunnel control system, human physiology monitoring systems, ground support human or space environment systems, experiment simulators, Mission Control Center and Launch cameras. The system does not meet the definition in NPR 2800.1B of highly specialized IT and shall not be utilized as part of or imbedded in such a mission platform. 

1.1.3. The system specification contained herein does not call for the purchase of any equipment or interconnected system(s) or subsystem(s) of equipment that is used in the automatic acquisition, storage, analysis, evaluation, manipulation, management, movement, control, display, switching, interchange, transmission, or reception of data or information controlled by the Agency (reference FAR 2.101). 
1.1.4. The system specification contained herein does not call for the purchase of an “Information System”, defined as; any equipment that contains a discrete set of information resources organized for the collection, processing, maintenance, use, sharing, dissemination, or disposition of information. [44 U.S.C., Sec. 3502] 
1.1.5. The system specification contained herein does not call for the purchase of “Information Technology”, as defined in NPD 2810.1D NASA Information Security Policy, i.e. any interconnected system or subsystem of equipment (computers, ancillary equipment, software, firmware, and similar procedures, services including support services, and related resources) that is used in the automatic acquisition, storage, manipulation, management, movement, control, display, switching, interchange, transmission, or reception of data controlled by the Agency. The system specifications contained herein do not require the purchase of equipment with any of the above data or information manipulation functions.
1.2. General Requirements
1.2.1. The following Specifications present the minimum requirements of a digital hydraulic servo control system and evaluation that includes: 
A) Equipment (combined size of which could fit in the volume of a cubic yard or less, and weigh less than 200 pounds) that includes all components necessary for complete system operation of four load frames of various sizes, hydraulic pressure control electronics, system interface and safety control processor and interface peripherals for three operator stations, and all necessary fittings, cables and cable connector adapters. 
B) Onsite Evaluation of current equipment and documentation of the FLL 4 Channel Hydraulic Control System.
1.2.2. The components of the system are to be new.  No demonstration or used equipment will be provided by the vendor.
1.2.3. The components of the system shall be of proven design with a history of satisfactory performance.  Unproven equipment, components or concepts shall not be acceptable.

1.2.4. The quoted system shall be commercially available, off-the-shelf (COTS), integrated and compatible with existing laboratory equipment. This equipment is dedicated and stationary, with raised floor or shelved chassis to hide cable runs, 30 feet or less from the operator stations or interface locations.
1.2.5. The control system equipment can be 19 inch rack mounted or stand-alone. The equipment shall be Energy Star compliant or equivalent where ever possible.
1.3. Vendor Response

1.3.1. All vendors responding to this bid specification shall include a written line by line response to each paragraph number of this specification.  Each item response to be specific and detailed enough to allow full evaluation of the equipment offered and its capabilities.
1.3.2. Responding vendors shall include quotations and descriptive literature with their response to allow the buyer to make a complete evaluation and appraisal of the offering with respect to the requirements set forth in this document.
2. Electronic Controls and Equipment
2.1. Closed Loop Controller

2.1.1. A digital controller is to be delivered which provides for closed loop control of the load frame systems.  The controller should have the minimum capability to provide eight channels of control on four independent hydraulic load frame stations.

2.1.2. The controller is to have the capability to perform automated dynamic control mode bumpless switching between any connected transducer.  Any transducer, whether conditioned by the controller or not, can be selected for control.  Control modes will include (at a minimum) load control through a customer provided (integral to the frame) load cell, displacement control through a customer provided (integral to the frame) LVDT. Control will also be possible through any other installed transducer that provides a high level ±10V voltage input via one or several auxiliary inputs.  

2.1.3. The controller chassis is to have up to thirty-two modules for up to eight (8) transducer signal conditioning modules in a single chassis.  These conditioners shall be fully integrated into the control system and possess the capability for control of channel ranging, transducer zero, transducer excitation, and linearization.  All of the conditioners will be available for use as control channels.
2.1.4. Six channels of analog output shall be available optionally to read the following signals from any conditioner:  excitation, transducer zero, preamp output, and high level transducer output.  Output signals shall be in the calibrated range of the transducer, for any installed transducer.   

2.1.5. An emergency stop button will be provided at all operator stations.
2.1.6. The control loop update rate shall be at a minimum of 6 kHz to allow for testing at high frequencies.  Loop update rate may be dependent on the number of control channels configured.

2.2. Transducer Signal Conditioners, Digital Universal Conditioners (DUC)

2.2.1. For conditioning of load, LVDT, extensometer or strain gage signal, a minimum of eight DUC signal conditioners shall be provided.  Each DUC channel shall be available for test control if desired with mode switching between any channels available during a test.

2.2.2. The signal conditioners shall have processor controlled ranging to allow for fully automated testing.  Full range conditioning will be employed.

2.2.3. Calibration ranges shall be provided for each transducer conditioner (except for extra DUCs).  These ranges shall be at 100%, and other % of full-scale transducer capacity at the discretion of the vendor. 

2.2.4. Each signal conditioner is to be operator selected through the processor to determine linearization for accurate, automated calibration of the selected transducer.

2.2.5. The signal conditioners shall have operator selection through the processor for the initialization of transducer zero (auto-zero or tare function).
2.2.6. Each conditioner shall have the capability to detect excitation loss and have processor control of force and displacement limit and error detection for operator and system safety.

2.2.7. The DUC signal conditioners shall support bridge completion for the use of commercially available gages bonded to a specimen.

2.2.8. The DUC will supply excitation voltages from 0 to 20V DC with current loads up to 100 mA.  The excitation signal noise will be less than 0.25 mv peak to peak at frequencies from 10 to 500 Hz.

2.2.9. The DUC will include a 16-bit (or better) digital to analog signal converter for zero suppression of transducer signals.  Suppression of at least ±100% of calibrated transducer capacity will be possible.

2.3. Function Generation Waveforms

2.3.1. Function generation is to be fully integrated into the system control software with the capability to stop and start tests in an automated mode as determined by the test profile or spectrum, or as desired by the operator.
2.3.2. The function generator is to be capable of generating at a minimum sine, square, and ramp waveforms.
2.3.3. The function generator will have built in cycle counter and a preset cycle count used to terminate the test.

2.3.4. The function generator will include mean, amplitude, and frequency adjustment. 
2.3.5. Command signals will be generated with minimum 32-bit accuracy.  Accuracy of the selected frequency (period) will be within 1 microsecond.
2.4. Application Software

2.4.1. Application software shall be of vendor’s choice (proprietary) for generating and executing tests for up to four independent load frame machines.  The application software will include the ability to control one load frame at a time from any installed AC or DC transducer, or externally conditioned transducer.

2.4.2. The application software shall allow the operator to directly interact with the progress of the test through user definable software buttons using a keypad or other peripheral device(s).  The operator can define software buttons with names and descriptions that when selected causes the test program to sequence to the next desired test sequence.

2.4.3. The application software shall allow detection of digital inputs to the test system controller and allow digital output signals to be output from one of the control system digital output channels. 
2.4.4. The application software is to provide user access levels to prevent inadvertent changes to tuning and calibration settings. The system is to have utilities to provide displays of alpha-numeric test signals and program parameter settings on a digital scope and/or graph and/or other readout format at the operator stations and on the remote device simultaneously as a test application is running.

2.4.5. The application software is to provide the capability for operator creation of test profiles or spectrums utilizing any control mode incorporating constant amplitude cyclic or ramp waveforms.  In addition, counter functions shall be available through the user interface and remote station device to display current cycle and total cycle counts for the test.
2.4.6. The application software shall allow user-defined interlock actions pertaining to limit and error exceedance which may include HPU off, HSM pressure dump, or actions such as program hold when a condition is met, or ramp to a specified end level in any control mode upon activating an interlock.
2.5. Operator Interface Processor
2.5.1. One processor controller is to be used with the control system, either integrated or stand-alone, interfaced to two control room operator stations, and one remote station input/display device at the load frame in use (3 stations total). Each station will display real-time test information as determined by the operator from choices available in the application software. The display peripherals at the control room operator stations shall include two 27 inch LCD or similar screens (separated by 8 feet) and include one set of operator input devices at each screen. The control system will also utilize an integrated input/display device at the selected load frame, so that the operator can program, control and monitor a test from any station.
2.6. Remote Station Control Device
2.6.1. An input/display (remote station control) device, separate from the main control room stations, shall be provided at the load frame for safety and ease of specimen loading.

2.6.2. The device is to provide independent and separate control of low, high or off hydraulic pressure of the hydraulic service manifolds (HSM) and/or hydraulic power unit (HPU).  

2.6.3. The device is to provide position or force control of actuator during specimen loading and removal.

2.6.4. The operator shall be able to start, stop, hold, and resume a test from the device.

2.6.5. The device may be secured onto a fully articulating floor platform for convenient positioning of the unit during specimen loading.  Or the device may be secured into a lockable box mounted to the load frame structure, which when opened, allows operation of the device.
2.6.6. A display will be on the device for application specific display of operator prompts, machine status, and test information.  The display information will be selectable by the operator.

2.6.7. Real-time transducer feedback in engineering units of choice can be displayed on the device.  Using the device, the operator can be able to select and auto-zero any installed transducer on the load frame in use.
2.6.8. The device will display the current mode of control and allow the operator to select the next mode of control and provide a bumpless switch between the various modes of control.
3. System Services

3.1. System Installation
3.1.1. The specification for system delivery will include the cost of providing and delivering control system equipment meeting the above specifications, including the following: fabrication and delivery of assorted adapter cables (quantity as necessary) to connect new equipment with existing cables from the load frame machines; provide and deliver all other peripherals and cabling required to make the system operable. 
3.1.2. Responding vendors shall include cost of performing system startup and checkout of the assembled system and accessories (calibration and commissioning) at the buyer's facility.  This will also include on-site training on the use and operation of the system.
3.2. Maintenance Support

3.2.1. The vendor will provide notification and make available for purchase and installation, application software updates when released, as well as phone and email support when requested, on an annual, renewable (subscription and/or licensing) basis.
3.3. System Documentation

3.3.1. A complete set of delivered system technical description documents as well as operation and maintenance manuals shall be provided, on DVD and bound paper format.



