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Statement of Work for High Temperature Dilatometer (2400°C)

Background

NASA plans to purchase a high temperature dilatometer apparatus with measuring capabilities that cover the range of 25° to 2,400° Celsius and would be upgradeable to 2,800°Celsius capability.  Pushrod dilatometry allows the measurement of dimensional changes of a material as a function of temperature or time. The dilatometer measures the Coefficient of Thermal Expansion (CTE) transitions, it can also indicate phase changes such as solid to liquid (melting). It can identify crystallization events and glass transition temperatures. Sensitivity of length-volume changes can be measured down to 1.25 nm. The dilatometer can help determine best heating rates for new materials.  The system should have the ability to be upgraded to a 2800°C capability in the future. The Thermal Protection Materials and Systems Branch will use this apparatus for their work in high temperature materials and thermal protection systems. 
The dilatometer specifications have the following minimum requirements: 
1 Measuring Part

1.0 Dilatometer measuring head with a Linear Variable Differential Transformer (LVDT) system, thermostatically controlled housing, and vacuum pump connection 

1.1 High-temperature furnace with graphite heating element and vacuum-tight, water-cooled housing, working temperature range 25- 2000°C with thermocouple / 25-2400°C with pyrometer

1.1.1 Heating rate with graphite holder 0.1-50K/min

1.1.2 Heating rate with alumina holder 0.1-20K/min (with alumina protective tube)

1.1.3 Vacuum 10-4mbar 25°-1800°C 

1.2 Furnace must be upgradeable to conduct sub-ambient measurements from -180°C to 500°C by adding only a user-exchangeable furnace, LN2 cooling device and additional power supply

1.3 The dilatometer measuring cell must be upgradeable to conduct measurements up to 2800°C by adding only an additional furnace with peripheral components.

1.4 Furnace carriage—the dilatometer measuring part must be a horizontal design

1.5 Water control switch with filter and cables with a comprehensive safety system that includes constant checks on the cooling water flow, the quality of the vacuum, and the flow of protective gas during the measurement.  Safety interlocks to cut furnace power should variations occur to normal operation levels. 

1.6 Sample carrier, pushrod, and furnace protective tube must be easily removed, for cleaning or switching of materials, using standard laboratory tools.
1.7 Graphite sample carrier with pushrod

1.7.1 The pushrod mechanics and its inductive transducer are not influenced by the furnace and sample 

1.7.2 The pushrod load must be adjustable and can be adjusted as low as 20 cN to the sample

1.7.3 The dilatometer must have a resolution of at least 0.125 nm

1.8 Type W sample thermocouple (thermocouple for operation in the 25-2000°C), sample length 0-25 mm

1.9 Graphite sample carrier with pushrod and type W safety thermocouple (pyrometer operation: 25-2400°C), sample length 0-25 mm

1.10 Thermocouple protective sleeve (Quantity: 5) 

1.11 Powder sample holders and protective sleeves must be available from the successful dilatometer supplier

1.12 Alumina spacer (Quantity: 10)

1.13 Sapphire calibration standard (Quantity: 2) 

1.14 Graphite calibration standard (Quantity: 2)

1.15 Two-stage rotary vacuum pump with valves, pressure gauge and fittings

1.16 Refrigerated bath circulator for LVDT housing (260 W cooling capacity, 2000 W heating capacity)

1.16.1 The LVDT mounting system must be constructed of Invar and be contained within a thermostatically controlled chamber

1.17 Refrigerated bath circulator for closed-loop cooling of furnace shell

1.18 Protective Tubes and Sample Carrier Systems consisting of:

1.18.1 Alumina protective tube for oxidizing Atmosphere must be supplied

1.18.2 Alumina sample carrier and pushrod with type S thermocouple must be supplied

1.18.3 Liquid metal sample holders must be available from the dilatometer supplier

1.18.4 Protective tube materials available from the dilatometer supplier must include:


1.18.4.1 Saphire

1.18.4.2 Boron nitride

1.18.4.3 Aluminum nitride

1.18.4.4 Molybdenum

1.18.4.5 Alumina

2 Control Measurement and Data Acquisition 
2.0 TA system controller for data acquisition and temperature control

2.1 Control cabinet

2.2 Furnace power system 

2.3 Transformer 

2.4 Carrier frequency amplifier 

2.5 Pyrometer system with electronics housing—the system must be delivered with a pyrometer for sample temperature measurement

2.6 Safety control system with switches, flow controllers and displays for protective gas and cooling water

3 Software and Computer System

3.0 Proteus software for dilatometer and for data acquisition, storage and evaluation under MS® WINDOWS™, 32 bit

3.0.1 Windows software: fully compatible with other MS® Windows™ programs

3.0.2 Software must do Multi-tasking:  simultaneous measurement and evaluation 

3.0.3 CDTA software extension:  comparison and or evaluation of DTA-DSC-TG and dilatometer measurement in one plot (up to 32 measurements)

3.0.4 Calculation of 1st and 2nd derivative

3.0.5 Selectable scaling

3.0.6 Graphic and data export

3.0.7 Selectable colors and line types

3.0.8 Storage of evaluations

3.0.9 Storage and restoration of analysis with results possible at any stage

3.0.10 Temperature calibration

3.0.11 Zoom function 

3.0.12 Rate controlled Sintering Software must be included.  The software must have: Start/stop, step/iso, and dynamic modes

3.0.13 It must be possible to overlay experimental data from NASA Ames existing Simultaneous Thermal Analyzer (STA), and Laser Flash Apparatus on one plot 

3.0.14 Volumetric expansion and bulk density conversion software

3.1 Computer system, consisting of desktop PC, 2.13 GHz Core 2 Duo Processor, 1 GB RAM, 160 GB hard drive, DVD + RW drive, 19'' Ultra VGA TFT monitor, Windows Xp Pro.

3.2 IEEE interface for connection to USB port, with 2 meter connection cable

4 Installation and Training

Shall be provided

Place of Performance

Installation of instrument will be at NASA Ames in code TSM laboratory

