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Production Summary:

A total of two magnets were built, serial numbers TLL101-6 and TLL102-0 (main assembly number 5520-ME-388203). A total of four coils were wound (two upper and two lower). Each coil consisted of two coil sets (one set wound on the other), and each coil set had eight turns and was two layers deep. The conductor was wrapped with dry fiberglass tape as the coils were wound. The coils were vacuum impregnated. A total of four half-cores were stacked (two upper and two lower). Cores were dry stacked and welded. In addition, four pole piece extensions were stacked. These were stacked wet, two at a time, and cured.

Magnets were assembled in IB#2 and tested at MTF without a beam tube.  They were returned to IB#2 for dis-assembly and re-assembly with a beam tube.

Eight individual master travelers were used during manufacturing of the TLL Magnets. They are: Upper/Lower Core Stacking (333622/333623), Pole Piece Extension Core Stacking (333701), Lower/Upper Coil Winding (333632/333633), Lower/Upper Coil Insulation & Impregnation (333634/333635), and Magnet Final Assy with Inprocess Magnetic Testing (333585). It is worth noting that a ninth traveler was created, but it was never issued: Magnet Final Assy (333657 – this traveler did not have the inprocess magnetic testing).

A total of 23 Traveler Revision Requests (TRRs) were processed.

A total of 17 Discrepancy Reports (DRs) were processed.

DR summary data:

Categories (count):



Average response times (days):

Measurement: 10



Disposition: 14

Method: 6




Corrective Action: 14

Material: 1




Disposition Verification: 38








Closeout: 48

Seven of the DRs were issued as a result of a failure of an electrical inspection. The corrective action from first of these DRs (TLL-0003) was to stop assigning arbitrary limits for inspections. It appears that we continued to adjust the limits based on the results of the measurements throughout the project (see lessons learned below).

Cost and Schedule Summary:

Work authorization was given on 17-Nov-2000 with an original requested delivery date of 01-Mar-2001. The original statement of work was to build one magnet, plus a spare, from BD drawings. Initially the only design change was to redesign the coils as saddle coils. After reviewing the customer-supplied drawings it was determined, by both TD and BD, that the drawings needed to be redone in order to complete the job. As a result the scope increased to include creating all new drawings. After the magnetic measurement of the first completed assembly (May 2002), it was discovered that the field free region was not actually field-free. As a result the scope increased to include a redesign of the flux returns to minimize the field in the field-free region.

Coil winding began in August 2001. Core stacking began in November 2001. Final assembly began in December 2001, and was completed (with all design changes) in November 2002. There was no official schedule produced for this project, but the final devices were ready for delivery to the customer on 03-Feb-2003.

Final costs:
$298,494 labor (without G&A)



$80,799 M&S



$379,293 (average of $189,647 per magnet)

There was no initial estimate that we could find to compare the final cost with. It is worth noting that TD accounting places contract labor in the labor category, while the BSS accounting reports place it in the M&S category. For this project the contract labor cost was $11,613.

Total labor (hours):

	
	Monthly
	Weekly
	Contract
	Total Hours
	Total %

	Design
	1367
	2814
	
	4181
	52.0%

	Travelers
	184
	162.5
	
	346.5
	4.3%

	Schedule
	
	185
	
	185
	2.3%

	In-process Inspection
	
	325.5
	
	325.5
	4.0%

	Production
	191
	1896
	376
	2463
	30.6%

	Tooling
	
	442.5
	
	442.5
	5.5%

	Incoming Inspection
	
	94.5
	
	94.5
	1.2%

	
	1742
	5920
	376
	8038
	


Lessons Learned:  

Field-free region design issue (see DR TLL-0016): It was not until we fabricated and measured the first magnet when we discovered that the field-free region was not what the customer had wanted. So what happened? This project went through the formal design reviews, including reviews by the customer. These reviews were detailed in terms of the mechanical design, but did not include detailed modeling of the harmonics in every region of the magnet. Both TD and the customer had assumed that our reviews were enough to assure that the magnet would function as desired. So what we can carry to the next project is an awareness of asking ourselves whether or not we should do more detailed modeling during the design process.

Electrical limits: As stated above, seven out of 17 DRs issued were for failed electrical inspections. A review of the travelers indicates that more DRs should have been written, but there was an understanding that all measurements, except resistance, should ignore any limits that were in the travelers. Since this was the first build of this magnet design, we did not have previous numbers to work from for setting limits. However, in situations like this, we should not set arbitrary limits just for the sake of having limits (see DR TLL-0003). It is perfectly appropriate to have an engineer sign-off after the inspection is completed, and then set limits after collecting enough data. In this project it appears that we were sometimes setting limits based on the immediate results. Sometimes this worked, and other times subsequent inspections results were still out of tolerance. So what we carry to the next project is an awareness of how to handle inspections in the traveler, we either:

· set limits based on previous experience or engineering calculations, or

· have no limits and an engineer/physicist signs off, or

· simply run and record the measurement.

It is worth noting that, as part of the project close out, a detailed study was done of all the electrical inspection data. One thing we conclude is that setting limits for Ls and Q for coils outside of the cores is not worthwhile. The data clearly show that the environment is too variable, and so the inspection results are difficult to predict. The following are the resultant changes in limits (R&R stands for ‘run and record’):

	 
	Resistance
	Ls 1KHz
	Q 1KHz
	Ls 100Hz
	Q 100Hz

	Separate coils in air - layer1
	8.3-9.0 mΩ
	R&R
	R&R
	R&R
	R&R

	Separate coils in air - layer2
	8.0-8.75 mΩ
	R&R
	R&R
	R&R
	R&R

	Separate coils in tooling - layer1
	8.3-9.0 mΩ
	R&R
	R&R
	R&R
	R&R

	Separate coils in tooling - layer2
	8.0-8.75 mΩ
	R&R
	R&R
	R&R
	R&R

	Separate coils in magnet w/out B.T. - layer1
	8.3-9.0 mΩ
	1.21-1.25 mH
	R&R
	1.3-1.6 mH
	R&R

	Separate coils in magnet w/out B.T. - layer2
	8.0-8.75 mΩ
	1.21-1.25 mH
	R&R
	1.3-1.6 mH
	R&R

	Separate coils in magnet with B.T. - layer1
	8.3-9.0 mΩ
	1.00-1.05 mH
	R&R
	1.3-1.6 mH
	R&R

	Separate coils in magnet with B.T. - layer2
	8.0-8.75 mΩ
	1.00-1.05 mH
	R&R
	1.3-1.6 mH
	R&R

	Whole magnet w/out B.T.
	32.0-35.0 mΩ
	15.5-16 mH
	R&R
	18.6-19.4 mH
	R&R

	Whole magnet with B.T.
	32.0-35.0 mΩ
	12.8-13.1 mH
	R&R
	18.6-19.4 mH
	R&R


A traveler review also brought to light the practice of changing the serial number of the coils to match the process (i.e. a difference serial number for winding and insulation/impregnation). As reported in the EDWA (job 0166) closeout, this practice will be changed such that unique serial numbers will be assigned to an assembly, and they will not change as the assembly is processed.

The coils that went into TLL102 were wound backwards (see DR TLL-0015). This happened as a result of the tooling drawings not being followed when setting up the tooling. This had not been considered as a potential failure mode, and so there also was nothing incorporated into the traveler to prevent this from happening. It is worth noting that this problem was not discovered until the magnet was assembled and we tried to bus the two coils sets together (i.e. they made it through winding, insulation and impregnation without being detected). The fix was to put a step in the winding traveler for someone to verify that the setup was done according to print. What we carry to the next project is an awareness of this as a potential failure mode, and that we (collectively) need to pay close attention to the drawings (tooling and parts).

During this project there were a two things discovered related to the dry fiberglass tape. The first was the issue of the cured coils turning white after impregnation (see DR TLL-0006). This appears to be the result of incorrect treatment of the tape, resulting in incomplete epoxy wetting during impregnation and curing. As we worked to determine a solution, we realized that we did not have a good understanding of our requirements. For about one year we worked with Material Control and tape suppliers to determine which tape is the best for our use. The specifications for the best tape are now properly documented in the tape drawings (e.g. 116511 for 1” wide 0.007” thick tape). Part of our receiving process now is to create impregnated samples of the tape, and test them prior to acceptance.

The second issue related to the fiberglass tape was found during the inline wrapping of the second set of coils. During this process it was discovered that the fiberglass tape was coming apart (see DR TLL-0009). During the investigation it was determined that two different types of tape were in our inventory under the same part number. This appears to have been the result of ambiguity in the part drawing regarding the weave, as well as a possible negative impact on the tape strength as a result of the coating.  The new tapes, chosen as a result of the incomplete wetting issue, have not yet been tested for inline wrapping. It is expected that the tape will work fine.

http://tdserver1.fnal.gov/project/JobFiles/Current_Jobs/0155_TLL/0155-TLL_summary.doc
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