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Introduction:

During the warm tests of the HGQ-02 magnet in IB3, a current leakage problem was experienced caused by the flux used to solder the jumper wires to the strip heaters.   This solder connection is housed in a pocket in the end saddle and potted in place with green putty.  A leakage between coil to ground was detected. The end-saddles are made of Ultem, which is a non-conductive material, so there shouldn’t be any kind of current leakage on the end saddle.

The reason of the problem was not analyzed during HGQ-02 production, but the problem was overcome by feeding nitrogen gas during overnight period to the magnet. It is considered that some moisture in the magnet due to high humidity could cause the current leakage problem. Nitrogen gas was used to purge the moisture.

Objectives:


A series of experiments were conducted on Ultem, G-10 end saddles to analyze the current leakage problem. The objectives of the experiments were to test the conductivity of Ultem and G-10 materials at different conditions.  The magnet hi-pot  requirement is to have a leakage current less than 0.02 (A at 1500 V.

Experimental Setup:

Different types of experimental specimen were prepared. These are:

1. Ultem and G-10 end-saddles at normal room conditions
2. Ultem and G-10 end-saddles soaked to the water (hydroscopic effect)
3. Ultem and G-10 end-saddles fully and partially coated with Stainless Steel Flux
4. Ultem and G-10 end-saddles with two wires, each connected with green putty to the end –saddles
5. Kapton sheet and two wires connected with the same green putty
Experimental setup was:  

1. Hi-potting device

2. Alligator clips

3. DMM

Prepared specimens were hi-potted at 1500 V. Current was measured. The requirement was to measure maximum 0.02 (A current when 1500 V was applied to the specimen.  The hi-potting device was tested with Kapton sheet to ensure the accuracy of the device and the test requirements. The test resulted to 0.02 (A current when 1500 V was applied.
Experimental Results:


The first series of tests were conducted with Ultem and G-10 end-saddles which where kept at normal room conditions. The results were as expected. These two materials were non-conductive and the current leakage was 0.02 (A.

The same tests were repeated with Ultem and G-10 pieces soaked to the water 1~2 hours and left to dry for 10 minutes. Both specimens didn’t show any current leakage due to water absorption. 


Then green putty was analyzed as a cause of the leakage on end-saddles. The green putty on a Kapton sheet was hi-potted after 15-20 minutes of its application and the current measurements were again in acceptable range. The samples with Ultem and G-10 and two wires connected with two green putty were also tested. The current was again .02 (A. The same tests were repeated after the specimens were soaked into the water. None of them showed any current leakage problem due to water absorption.

The second series of test were realized with Ultem and G-10 end-saddles, which were kept at normal room conditions but coated with Stainless Steel Flux (Kester # 815). When fully coated from edge to edge with flux both of the non-conductive material became highly conductive. The current measurement readings were 0.7 (A for Ultem and0.5 (A for G-10 at 1500 V.

The tests were continued with partially applied flux to the specimens. Only the edges were coated with solder flux, the mid-region was cleaned with isopropyl alcohol to break the continuity of the conductive flux. The results were 0.03 (A for Ultem and 0.035 (A for G-10 at 1500 V.  The cleaning has to be done deeply by scraping the flux from end-saddles. 

Same tests with flux were repeated on specimens with wires and green putty, the high leakage current problem was still dominant due to the flux coating.

Interpretation of the Test Results:

The Stainless Steel Soldering Flux is a very corrosive, conductive, acid based liquid. During the soldering of the strip heaters to the stainless steel sheet, some excessive flux probably leaking on the Ultem and creating the short problem. Even when the flux was cleaned after soldering, the alcohol is not an appropriate and sufficient way to remove the excessive flux. The #815 Kester Stainless Steel Soldering Flux is not volatile and it does not dry out on Ultem causing a permanent short problem. To evaluate the efficiency of the nitrogen gas use, a test was conducted on an Ultem piece with flux on it; the flux tends to dry when nitrogen was applied and the conductivity level decreases for a certain amount. But the flux converts to be wet again after certain time at room temperature causing current leakage again. So this method is not a solution for this problem.

Conclusion:


In order to determine the availability of different flux alternatives in industry, some research was conducted. 
All of the stainless steel fluxes are very corrosives and highly conductive substances. Kester, the supplier of the flux that we are using, advised that the cleaning process for the #815 flux has to be done with hot de-ionized water instead of isopropyl alcohol. Some tests will be conducted with this alternative to analyze the improvement. 

Some other manufacturers were also contacted for better and less conductive flux products.


If the results of this new cleaning application will be successful, the problem will be solved. If not, we have to look some other soldering alternatives with the same soldering flux again. As a proposal, the strip heaters can maybe soldered to the stainless steel sheet and later on the whole structure can be cleaned perfectly with the right cleaner before putting it on the Ultem end-saddles.  
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