



Advanced Light Source Division

September 19, 2003

Beamline 5.0 Carbon Filter Test Plan:

A new carbon filter design is being implemented for beamline 5.0 due to the installation of a new insertion device source to be installed during the spring of 2005.  This design will incorporate a water cooled Highly Oriented Pyrolitic Graphite (HOPG) foil.  See figure 1.

Several FEA of the design have been completed (see Engineering note #XXXX) but due to the vague orthotropic structural properties and the unusual laminar structure of this material that is difficult to model, several tests are in order.

The issues are:

1. Clamping pressure at contact area.

2. Stress at contact area.  

3. Thermal conductance at contact area.

4.  Interface materials and wetting tests.

Two foils from different manufacturers will be tested.

A. HOPG Foil, APG, 25mm x 80mm x 0.4mm, K- Technologies Inc. Contact person: Mark Montesano.

B. HOPG Foil, ZYB Grade, 25mm x 80mm x 0.4mm, GE Advanced Ceramics. Contact person: Arthur Moore.

ITEM B is very expensive ($1020 each):only 3 pieces with the above dimensions have been ordered.

ITEM A is inexpensive. We have 2 free samples with the above dimensions and 2 more samples of 15mm x 80mm x.4mm that will be used for thermal conductance tests. A quote has been asked for 4 more foils of each set of dimensions.

The thermal properties of both materials are the same. No data on structural properties for ITEM B have been found but we think that they are similar to those of ITEM A due to the very similar structure of the two materials.

ITEM B is very flat due to a thorough cleaving process done by hand.

ITEM A will be used on most of the tests. ITEM B will be used only when enough has been learned from our tests.

The following tests will be performed:

1. Clamping pressure at contact area. 

This graphite can handle a high pressure (up to 10000 psi) if balanced. Using Belleville washers with known spring constants we will clamp the foil to 1000 psi and 2000 psi . Using a microscope we will be able to detect any damage due to clamping. A final clamping pressure will be chosen as a starting point based on this test.

1A: ITEM A will be clamped into assembly as shown in Fig.2 with no interface to 1000psi.

1B: ITEM A will be clamped into assembly as shown in Fig.2 with no interface to 2000psi.

1C: same as 1A and 1B using interface 1

1D: same as 1A and 1B using interface 2

1E: same as 1A and 1B using interface 3 

1F: same as 1A and 1B using interface 4

2. Stress at contact area.  This stress is a function of pressure and temperature. We propose the following tests:  

2A: ITEM A will be clamped at the pressure chosen from test 1. 

2B: ITEM A heat in a vacuum furnace to 200 C, hold at temperature 20mins, oven cool to room temperature, visually inspect.

2C: ITEM A heat up in a vacuum furnace  to 400 C, hold at temperature 15mins, oven cool to room temperature, visually inspect.

In order to assure that there is no pressure relief due to the temperature increase in rods and Bellville washers, the stainless steel rods will be replaced for the test with Molybdenum rods. (at 500C,  Molybdenum expands .0025in/in, while Stainless Steel expands .008in/in).

There is still a need to check the relief in spring force of the stainless steel Bellville washers to decide if we need to buy Inconel washers as these washers rated at the same range of load are very expensive.

Contact person: Alex Lobodovski 

3. Thermal conductance at contact area.  

We are implementing a setup for the thermal test to be carried out at LBNL.

This will consider half symmetry of the clamping assembly, see Fig.3. Top will be clamped to pressure from test 1, bottom will be heated up using a quartz or infrared lamp in a vacuum chamber. The maximum heat required to emulate real load conditions is ~2000W (still conservative since we are using half symmetry). A resistance heater will also be considered in case we have problems finding lamps with the required power.

A vacuum chamber is available. A 510L/s pump is also available, see Fig.4-5. Miscellaneous parts will be purchased and fixtures will be designed. An infrared camera is needed.

After the setup has been implemented, tests will be carried out as follows:

3A: ITEM A will be tested as shown in Fig.6 with no interface at pressure from test 1, until temperature stabilizes (max temperature on the foil should be around 600 C) and leave there for 20mins.

3B: ITEM A  will be cycled 10 times.

Thermocouples will be placed as shown in Fig.6 on the copper and on the graphite and an infrared camera will help in monitoring the foil temperature.

Main issue: attaching thermocouples to the graphite is not trivial. Spring clips or other ways will need to be carefully examined.

3C: Duplicate test 3A with ITEM B..

3D: Duplicate test 3B with ITEM B.

3D: ITEM A will be tested with interfaces 1,2,3,4 same way as tests 3A and 3B.

3E: ITEM B will be tested with interfaces 1,2,4 same way as tests 3A and 3B.

Contact person: Alex Lobodovski 

4. Interface materials and wetting tests. 

Interface materials of possible use for clamping:


1: Silver ABA foil (available in different thicknesses from Alex)


2: Gold foil .005”-.008” thick (Westco)

3: Metallize ITEM A only with Ticusil (Fig.7)

4: super graphite sheet from Matsushita Inc. (available from Sandia National Lab.)

Wetting tests:

Wetting tests completed by James Wu, Material Science division at LBNL, bldg.62:

4A: ITEM A brazed with 2% Ti-Au at 1150 C (20(C(() in vacuum. Result: this foil didn’t wet the graphite.

4B: ITEM A brazed with Ticusil (.005in) at 920 C (20C(() for 5min in Vacuum.   Result: Ticusil wets the APG and brazes it to the Alumina holder. Conclusion Ticusil works fine, .005in foil is too thick.

4C: ITEM A brazed with Ticusil (.0025in) at 920 C (20C(() in vacuum. Result: Ticusil wets ITEM A and it doesn’t run off the foil.

Brazing tests:

4AA: braze little strip of metal (Molybdenum) around edge of ITEM A using Ticusil (see Fig.8).

4BB: braze small strip of copper (1-2mm) around edge of ITEM A using Ticusil (see Fig.8).

Check if Ticusil capillarizes through the layers of ITEM A and if so, for how much. 

Contact people: James Wu and Alex Lobodovski at LBNL. 
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 7.
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Figure 8.
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