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Objective
· Engineer a new, cost effective insulation (and associated manufacturing process) that is superior to currently available products.
Equipment and Materials
· Stainless Steel Panels
· Stainless Steel Ball Bearings

· Zirconia Ceramic Coating

· Plasma Spray Gun
· Zinc Brazing Pre-forms

· Vacuum Brazing Oven

· Thermal Conductivity Test Apparatus

Introduction

Insulating materials are used in a variety of engineering applications to inhibit heat transfer and sound transmission from one spatial region to another.  Multiple materials can be combined and configured in various ways to meet specific requirements.  One such configuration is the vacuum panel, where a shell of material is evacuated and sealed.  The shell may contain an insulating material for structural integrity, but the lack of a fluid medium within the panel reduces the potential for heat transfer through the panel by eliminating gas conduction and convection.  Many different panel designs exist.
One such vacuum panel was invented in 1973 (U.S. Patent No. 3,742,600) that uses a single panel with a double wall, where the walls are spaced apart by strategically located separators. The panel is a single element capable of use in window or other environments.  The intent of the panel was to provide thermal insulation, but it was never manufactured or sold on a commercial level.  Our intent is to take this design, optimize its performance, and engineer a manufacturing process that will allow the panel to be widely used as insulation in homes and buildings.  This paper describes the overall approach being taken and the progress to date.
Procedure
Determine the Initial Prototype Design
The general features of the vacuum panel design as described in the patent are as follows:  two plates, sealed at the edges and separated by an evacuated space, with spacers placed interstitially to keep the panels from touching.  With this overall configuration in mind, the design process for determining the initial prototype configuration took into account four general factors:

· the geometry of the spacers and plates;

· the materials to be used; 

· the fabrication method; and

· the sizes of the components.  

After considering different spacer types, a spherical geometry was selected for the initial prototype.  This geometry should produce small points of contact without introducing areas of significant stress concentration, such as could be created by pointed spacers.  Spherical spacers are also not susceptible to bucking or overturning that could occur with cylindrical geometries. 
The materials for the initial prototype had to be readily available and reasonably inexpensive, and they also had to be compatible with the chosen fabrication method.  One process that allows parts to be joined and evacuated is vacuum brazing.  In the brazing process, similar or dissimilar metals are joined by melting a filler metal that is placed between the parts being joined.  The metals and filler are heated above the melting temperature of the filler and subsequently allowed to cool. As the brazing liquid solidifies, it forms a strong bond.  When this process occurs under negative gage pressure, it is referred to as vacuum brazing.  A local company, Solar, Inc., volunteered to aid in fabrication of the prototype using their vacuum brazing furnace, so this process was selected for initial prototype fabrication.
Having chosen the method of manufacture, material selection focused on identifying appropriate materials that could withstand the brazing temperatures.  It was decided that the panels and spherical spacers (ball bearings) would be stainless steel.  To avoid the pathways for conduction afforded by steel to steel contact, one side of the spacers would be plasma-spray coated with zirconia ceramic, an excellent thermal insulator.  

Because the overall panel should be light, a steel plate thickness of 1/32 inch was chosen for the initial prototype.  The plates will be square—12 inches on a side.  The ball bearing diameter was selected to be 1/16 inch to keep the panels thin and the weight of the ball bearings low.
The placement of the ball bearings has been determined based on the chosen material and thickness of the plates.  After the air has been evacuated from within the panel, each plate will deflect between the supports under atmospheric pressure.  Should the spacers be placed too far apart, the faces of the plates would touch, rendering the panel much less effective, so the ball bearings must be placed carefully.  As a first approximation, we considered a plate to be represented by a beam of rectangular cross section, loaded uniformly on one side and fixed at its ends.  With this assumption, the maximum deflection of the plate under load can be estimated using the following equations:
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δ
-
deflection of the plate
q  
-
pressure applied to plate (atmospheric pressure)
R0 
-
distance between spacers
E
-
Young’s modulus

t
-
thickness of plate

ν
-
Poisson’s ratio
For stainless steel ( = 0.3; E = 29×106 psi), and using the plate thickness and ball bearing diameter mentioned previously, the ball bearing spacing required to keep the plates from touching under atmospheric pressure (14.7 psia) is 1.8 inches or less.

Fabricate the Initial Prototype
As described above, the initial prototype consists of two square, stainless steel plates, 1/32 inch thick and 12 inches on a side, separated only by stainless steel ball bearings that are spaced less than 1.8 inches apart (see Figure 1).  The fabrication process begins by cutting the plates to the specified size.  The ball bearings are then brazed onto one of the plates so they are incapable of motion.  Once this is done, the ball bearings are sprayed with a zirconia plasma spray, which provides an excellent insulator between the two plates.   The entire panel is then placed in the vacuum brazing oven, unsealed, and Nickel brazing pre-forms are placed between the plates along the edges.  As the oven heats up to 2000(F, the nickel pre-forms melt, sealing the plates and the vacuum between them.  Upon removal from the oven, atmospheric pressure causes the plates to deflect, but the internal spacers keep the plates from touching.
Test the Initial Prototype

After fabrication is complete, the panel’s thermal performance is tested according to methods defined by the American Society for Testing and Materials (ASTM) for vacuum panels (see ASTM Standard C 1484-01).  Of primary interest to us in this project is the thermal resistance.
Comments
A plan and initial prototype design for a novel vacuum insulating panel have been developed.  Once fabrication and testing of this prototype have been completed, we will turn our attention to refining and optimizing the design.  Variations to be considered include changes to the plate and/or separator materials; changes to the separator size, shape, and spacing; and changes to the manufacturing process.
We plan to use the finite-element  program ANSYS to obtain a more precise prediction for the deflection of each plate.  This will allow us to consider multi-dimensional effects when optimizing the distance between spacers to maintain separation between the plates.

If the cost of these panels is low and the manufacturing process is perfected and made simple, these panels should be an excellent option for the thermal and acoustic insulation of buildings, potentially providing a much higher R-value (thermal resistance) than anything else available while maintaining ease of construction.  
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Figure 1.  The Initial Prototype
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