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1.0 Scope

1.1 This specification, in conjunction with the appropriate drawings, defines the coil winding, insulation, epoxy mix, vacuum impregnation, curing, cooling tubing brazing and inspection requirements to be followed during the Booster Correction Package Coils fabrication. The specification also includes the coil shipment and acceptance criteria.
1.2 The Manufacturer shall provide all test results and coil impregnation and curing processing data, related to the coil fabrication (can be provided electronically).
1.3 All coils and sections leads shall be legibly marked per the coil drawings.
2.0 Winding
2.1 There are three types of coils used in the Booster Correction Package (drawings ME-445210, ME-445212, and ME-445214). While they look similar, two different types of coil winding tooling are required. Type #1 coil contains 5 sections wound of 3 different kinds of ML coated solid copper conductor. Type #2 & 3 coils contain 3 sections wound of 2 different kinds of ML coated solid copper conductor. Conductors shall be clean and free of twist, warp and insulation defects. Each section shall be wound over the previous one. Several layers of fiberglass tape shall be applied between sections (see coil drawing for details). Each coil has two water cooling lines bent of ML coated square copper tube (kapton tape ½ lap wrapping with the following insulation fusing or additional polyester glass fiber over ML coating is also acceptable). The pre-bent cooling tubes shall be installed in the coil during the coil winding. The cooling tubes shall be insulated from the section conductor. Two additional spacers shall be installed in the coil type #1 to obtain the required number of turns in section #1 and section #2. The spacer for the first section is made of G-10. Its surfaces shall to be roughed by sanding or equivalent process to enhance bonding with the epoxy. The spacer for the second section can be made of the ML coated square copper tube (the same as was used for the water cooling lines) or G-10 which has its surface roughed to enhance epoxy bonding. If the spacer is made out of the square copper tube, it shall be insulated from the section conductor.
2.2 Coil sections have their leads located either on the front end of coil or on the back end (see coil drawing for details). The cooling lines ends are always on the back end of coil. Winding tooling shall ensure the proper location of the leads.
3.0 Insulation
3.1 The entire coil body shall be wrapped with 3 layers half lap of 0.007” x 1” dry fiberglass tape. Any voids inside the coil, greater then 0.060” shall be filled with fiberglass to prevent the epoxy from cracking.
3.2 The cooling lines ends and sections leads shall be separated from the coil body with Tedlar® tape (or equivalent) as much as it is practical and as far back along the leads to the coil body as is possible.
4.0 Impregnation
4.1 Due to space restriction, it is critical to ensure the coil outer dimensions in the 10.75” straight section are as specified by the coil drawings. This requires using a special curing mold for the coil impregnation and curing. The same coil curing mold can be used for all three types of coils (two additional inserts are needed for the type #2&3 coil to obtain proper coil height). All mold parts shall be covered with a mold release (Red Mold Release per dwg. MA-292449, for example).
4.2 Vacuum impregnation is required for the coil quality assurance.
4.3 The epoxy mix for the coil impregnation is specified by the dwg. MA-351120:
· EPON #828
(dwg. MA-331443)
-100 parts;
· DEP #732
(dwg. MA-116502)
- 43 parts;
· NMA

(dwg. MA-116503)
-128.4 parts;
· DMP-30
(dwg. MA-116500)
- 2.1 parts.
This choice of epoxy mix is based on former Fermilab experience with respect to the specific magnet operational environment and conditions.
4.4 Fermilab recommends the following impregnation technique for this type of epoxy:
· The coils in the mold are placed in the potting tray and then installed in a vacuum box and out-gassed for at least 12 hours at a coil temperature of 110ºF +/- 10ºF and a pressure of 50-200 microns.

· The epoxy mix (first 3 components, NOT including the DMP-30) is to be mixed for at least 2 hours at room temperature and a pressure of 50-200 microns. After this DMP-30 is be added, and all epoxy components are mixed for 15 more minutes at a pressure of 150-200 microns.

· The coils are slowly impregnated with the epoxy mix, while at a pressure of 40-200 microns. The recommended full impregnation time is 5-6 hours, but it should never exceed 8 hours after the time the DMP-30 is added to the epoxy mix. It is recommended to maintain the epoxy level in the potting tray ~ 1” above the highest point of the coil body.
4.5 After the impregnation is completed, the pressure is brought to atmospheric pressure, and the coils are cured.

5.0 Curing
5.1 Fermilab recommends the following curing cycle for this type of epoxy:
· Heat the impregnated mold and coil package to a uniform temperature of 185ºF +/- 10ºF, and hold at this temperature for 1 hour. Verify the epoxy level before proceeding

· Heat the mold with coils to 260ºF +/- 10ºF, and hold at this temperature for 16 more hours. 

· Cool down the coils with the mold at a rate not to exceed 5ºF per 10 minutes.

5.2 Hi-pot each coil (or all coils simultaneously) against the potting mold after curing and cool down is complete (500 V; Leakage current shall not exceed 5 µA).
5.3 Coils to be removed from the mold and the excess epoxy cleaned off. 
6.0 Brazing
Each cooling tube of each Type #1, 2&3 coils shall be individually hydraulically tested using the cooling tube extensions brazed to the tube ends (see specification in step 7.3). After this test two of four cooling tube ends on the Type #1&3 coil assemblies shall be cut, formed and spliced using the tube coupling, as shown in the Coil #1 Assembly dwg.ME-445210 and Coil #3 Assembly dwg. ME-445214. It is acceptable to do the brazing before the coil impregnation. Protect the coil insulation from contamination during the brazing. While brazing use the appropriate heat sink to avoid damage to insulation. The hydraulic test shall be repeated after the splicing. The cooling tube extensions shall not be removed from coils to simplify the incoming inspection at Fermilab.
7.0 Final Coil Inspection
Coils shall be inspected by Manufacturer prior to their shipment to Fermilab. In addition to a visible coil inspection (for damages or discrepancy from the drawing) each coil is subject to:
7.1 Dimensional inspection

Fermilab will use following gages for the coils dimensional inspection: 
· Center Block per dwg. MB-445327. This block shall fit inside each coil type without insulation damage;

· 2-piece gage per dwg. MB-445324 (for the coil type #1). The coil type #1 shall fit inside this gage. The gap between gage halves shall not exceed 0.005”.

· 2-piece gage per dwg. MB-445325 (for the coil type #2&3). The coil type #2&3 shall fit inside this gage. The gap between gage halves shall not exceed 0.005”.

Identical gages can be provided to Manufacturer for their internal inspection.
7.2 Electrical test
· Ring test each coil section (100 V, 100 Hz); The transformer method is acceptable for the interturn electrical test;
· Hipot adjacent sections between each other, i.e. coil sections to adjacent coil sections, and coil sections to adjacent cooling tubes (500 V; Leakage current shall not exceed 5 µA);
· Measure and record L at 100 Hz and 1 kHz, and Q at 100 Hz and 1 kHz;

· Measure and record each section resistance.

7.3 Hydraulic test
Each coil cooling line shall be tested for:

· Pressure test: 500 PSI for 30 minutes. Pressure shall not change in that time period, and no water leaks shall be detectable;

· Flow test at a pressure of 60 PSI.
· Type #1 and Type #3 coil assemblies will have a repeated Hydraulic test after brazing as per the dwgs. ME-445210 and ME-445214.  See Brazing section 6.0.
7.4 Visual Inspection
Each coil shall have a complete visual inspection for mechanical damage, such as white spots from pressure, voids in the epoxy, chips in the epoxy, missing insulation and broken leads.
8.0 Shipment requirements
8.1 Coil purging

The cooling lines ducts shall be purged with clean compressed air before shipment and properly capped to prevent contamination.

8.2 Packaging

For ease of use at Fermilab, coils are to be grouped in sets for shipping, one set per container.  One set consists of eight (8) coils of Type #1, two (2) coils of Type #2, and two (2) coils of Type #3.  Containers are to be designed to stack at least three high for storage without damage.  Container and packaging design is subject to review and approval by Fermilab, but approval shall not relieve Manufacturer of any responsibility for damage to coils during transit due to improper packaging.  
9.0 Acceptance
Prior to acceptance, Fermilab will conduct an incoming inspection of each coil. Coils which do not pass inspection will not be accepted, and will be the responsibility of the Manufacturer to repair or replace.
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