JET PROPULSION LABORATORY                               INTEROFFICE MEMORANDUM

To:
 
Harold Kirkham

From:

Jim Kulleck

Date: 

May 17, 2005

Subject:
X-ray examination of ODI connector

Background

On Wednesday afternoon, you (along with Gene Massion of MBARI) delivered a feedthrough device for the power converter from the MARS project.  It was reported that during a mating assembly procedure, it appeared that a certain percentage of the weight of the bulkhead had been carried at least in part by one of the ends of the feedthrough. There was a concern as to whether or not the assembly had sustained any mechanical damage.

The rubber boot surrounding the feedthrough had been pulled back along the wire in order to visually inspect the suspect area.  The assembly was received in that configuration. Unfortunately, nothing informative was revealed by optical inspection. It was therefore decided to X-ray the assembly with the hope of exposing any hidden damage.

Results

First, photographs were taken to show the overall setup. One of them is shown below. The removed rubber boot is visible on the left.
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Next, various x-ray exposures were made using Polaroid film to facilitate the x-ray setup process. One of them is shown in the following image:
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In this radiograph, the removed rubber boot is seen at the lower left.  The other intact boot is on the right. The darker area around the solder connection is due to x-ray absorption by the potting compound. The darkest area, at the center of each feedthrough, is caused by the metal parts, such as the potting cup, the conductor, and the solder. (Note that this is a “positive” image, where darker areas represent greater absorption of the X-rays by the part. The remaining X-ray pictures here are “negatives”). In the digitized image titles, the bent wire and its feedthrough on the left were labeled “siteB”.  Those results were compared to the images of the feedthrough on the right that was used as a “control” and labeled “siteC” in the image titles.

A detailed series of X-ray exposures were then made. The initial radiographs were taken using high and low voltage x-rays.  Those images are shown below.

 [image: image1.jpg]


    High Voltage Radiograph
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   Low Voltage Radiograph
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   Enlarged view of the void in the solder connection from a

                                               radiograph of the siteC connector.

Enlargements of even lower voltage x-ray images were made to reveal the details of the wire and insulator properties.  In the following image, siteB is on the left and siteC is on the right.
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Some minor strand separation is apparent in the siteB conductor.  The potting material around both connectors exhibit areas of low x-ray absorption which, because of their spherical shape, are probably voids. 

The two radiographs below are two different views of the siteB connector/wire interface. 
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Nothing unusual was observed in the “B” side conductor wire. 

The following images are two views of the SiteC connector/wire interface.
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An abrupt bend in the siteC wire can be seen in the picture on the left.  Spots are also apparent in the area just to the left of the solder fillet.  

These features were of concern for a number of reasons.

(1) A sharp corner, such as may be represented by the kinked wire, could result in field intensification and therefore corona activity.

(2) A void in the insulation material might result in partial discharges.

(3) A broken strand would indicate that the wire could have been subjected to some damaging level of stress that might suggest the presence of other underlying problems.

Evaluation

These enlarged images show that there is certainly what looks like a kink in the wire emanating from terminal “C”.  However, this area of the wire is surrounded by potting compound and that insulation appears to be intact. Therefore, the kink was probably not caused by post manufacture mechanical stress.  It is more likely that the kink is in fact the impression left by some handling equipment that was used to grip the wire, perhaps a pair of pliers.  While the strands associated with the terminal “B” wire appear to have been separated, there is no indication of damage associated with that wire.   Consequently, there is no evidence that indicates that a damaging level of mechanical stress had been applied to the assembly.  Whether the kink can be tolerated electrically needs to be determined.  

It appears, too, that the interpretation of the dark spot on the wire as a broken strand at “siteC” is not likely. The strands in the wire on either side of the dark spot are twisted whereas the “siteB” wire strands appear to be straight. Most likely these dark spots result from small gaps between the twisted strands that are equivalent to the larger gaps that are more readily apparent in the wire on the left side of the “siteC” images.

The dark spot in the solder cup is a void in the solder connection. Voids in conductors do not result in partial discharges as they would in insulators so that this is not an electrical problem.  The connection is sufficient to provide adequate electrical conductivity.  Its mechanical integrity depends on the handling and the use environment of the assembly.

There are areas of low x-ray density in the bulk of the insulation in the vicinity of the solder connections.  These are either bubbles or inhomogeneities in the potting compound.  Because they are spherical, it is more plausible that these irregularities are due to voids.  An evaluation of this condition as it affects the electrical function of the assembly is beyond the scope of this investigation.   

Summary

There is no compelling evidence for physical damage that might have been caused by the mating assembly process to any parts of the feedthrough, either on the “B” or the “C” side connectors. Mechanically, the kinked or flattened wire on the siteC connector is a minor issue.  The small dark spots on the siteC wire near the solder connection are due to gaps between the twisted wire strands. There is a void in the solder on the “C” side connection but it is not electrically critical.  Voids in the potting compound and the wire kink are not mechanically relevant but may be electrically significant.

� EMBED CorelPhotoPaint.Image.12  ���





� EMBED CorelPhotoPaint.Image.12  ���














_1177487680.bin

_1177487946.bin

