
GRCop-84 Tubing Development

Item 1 – Design of Experiments to Determine Processing Parameters

1. The Contractor will conduct a Design of Experiments (DOE) to determine the best annealing temperature and the maximum reduction for GRCop-84 tubing before an anneal is required.  Also, based upon prior experience with failures during the drawing process, the Contractor will examine if the annealing step should occur before or after the leading end is swaged to accept a gripper to draw the tube.

2. The parameters and levels for the DOE are as follows

a. Annealing temperature – 600°C, 800°C and 1000°C (1112°F, 1472°F and 1832°F)

b. Tube drawing reduction prior to annealing – 25%, 35% and 45% cold reduction
c. Processing step sequence – swage then anneal versus anneal and then swage (discreet variable)
3. For the full DOE, the Contractor will produce 18 samples.  If a parameter proves impossible to achieve, e.g., all attempts at a 45% reduction result in catastrophic failure of the tube during drawing, the DOE may be modified upon approval by the Government to eliminate or change a parameter.

4. The goal is to produce a tube 0.375” OD x 0.040” wall x at least 12” long.  The Contractor will be responsible for sizing the starting material appropriately to achieve this goal for each of the 18 conditions based upon the assumption that the material will receive reductions of 25%, 35% or 45%.  Should a parameter be changed after consultation with the Government, the material may be processed to a different diameter and wall thickness tubing that reflects the changed parameters, e.g., if the reduction is reduced to 40% from 45% because the tubing breaks at 42%, the wall thickness and diameter may be allowed to increase.
5. The Contractor will be responsible for fully removing the steel extrusion can from the supplied GRCop-84 copper alloy bars and gun drilling the material to an appropriate starting form for each of the 18 samples.

6. The end product of Item 1 will be the production process rather than any specific amount or size of tubing.  Therefore, the primary deliverable will be a summary of the drawing results and a recommendation for the best processing as defined by an ability to make the desired tubing size at the least cost to the Government.

7. In addition, samples of the material from all 18 DOE conditions in the finished form (nominally 0.375” OD x 0.040” wall) will be provided to NASA for evaluation.  In addition, the Contractor will provide NASA samples from any intermediate steps deemed important by the Contractor.
8. GRCop-84 currently costs $106/lb. for just the raw powder.  To maximize the probability of success, the Contractor must show that they have produced tubing that is between 0.35” and 0.40” OD with a wall thickness between 0.035” and 0.045” in the past.  The past tubing may be of made from any metal, but the demonstration of basic processing capability to make tubing in this size range and wall thickness is required.

9. The Government will be seeking additional tubing of various sizes for several test programs.  To address future needs, the Contractor must demonstrate the ability to make tubing 0.125” OD x 0.030” wall ±20% on each dimension.  The past tubing may be of made from any metal, but the demonstration of basic processing capability to make tubing in this size range and wall thickness is required.

Item 2 – GRCop-84 0.375” OD x 0.040” Wall Tubing

1. To validate the parameters selected as the best for tubing production in Item 1, the Contractor will draw additional GRCop-84 tubing using those parameters and the balance of the GRCop-84 bar supplied by the Government.

2. The GRCop-84 tubing will be 0.375” ±0.001” OD x 0.040” ±0.001” wall thickness.

3. The Contractor will draw a minimum of 50 feet of good tubing for delivery to the Government.
4. The minimum acceptable length of any individual piece of tubing will be 1 foot, and the maximum length of any individual piece of tubing to be delivered to the Government will be 10 feet.
Government Furnished Material

The Government will furnish approximately 1.3” diameter GRCop-84 extrusions which include roughly 0.1” thick steel can on the surface.  The GRCop-84 core will be approximately 1.1” diameter.  The Contractor will be required to machine the Government Furnished Property into appropriate starting material for Items 1 and 2 by lathe turning to remove absolutely all of the steel can and gun drilling to produce a tubular shape.

Shipping

The finished pieces will be shipped to NASA in a rigid container that can support at least a 200 pound load during shipping, e.g., someone stepping on the container.  It is strongly suggested but not required that the Contractor use Schedule 40 PVC pipe up to 4” in diameter and end caps to make the shipping container.  The material is to be shipped fully insured for the replacement cost of drawing the tubing.  A carrier capable of tracking packages will be used for delivery.  A tracking number is to be provided the Government by e-mail or FAX upon shipment of the material.
