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1 Scope:

This MAP describes the procedure used for winding & curing of DESY GO Coils

2 Applicable Documents:

RHIC-MAG-Q-1000
RHIC-MAG-Q-1004
RHIC-OPM-8.1.1.27
RHIC-MAG-R-7261
RHIC-MAG-R-7242
RHIC-MAG-R-7227
RHIC-MAG-R-7228
RHIC-MAG-R-7318
SMD-OPM-8.1.1.32
SMD-OPM-8.1.1.36
21010009

Control of Measurement Test Equipment
Discrepancy Reporting Procedure
Operation of Beam Tube Wrapper

Beam Tube Assembly Hypot Testing

RHIC Hypot Testing

Electrical Resistance Meas. Individual Coils
Magnet Coil Inductance and Q Measurement
Dipole /Quadrupole Inductance Testing
Operation of CBA Beam Tube Wrapper
DESY Wiring Machine

Coil Assembly

12010181 Insulation, Polyimide Film
3 Requirements:
3.1 Material/Equipment
Mounting Clamps
Acetone
Insulated Gloves BNL Stock No. K-63025
PVC Gloves BNL Stock No. K-62649
Latex Gloves BNL Stock No. K-62854
Test Cart ETS-001

Micrometer
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Safety Precautions

The operator shall be qualified by the Cognizant Technical Supervisor in the safe
operation of the DESY Wiring Machine.

The operator shall be qualified by the Cognizant Technical Supervisor in the safe
operation of the Beam Tube Wrapper.

Operators shall wear safety glasses with side shields, or goggles.
Operators shall wear insulated gloves when handling heated coil assembly.

Personnel shall wear Nitrile gloves while handling epoxies, acetone, ethanol, or
methanol cleaning agents.

The technicians shall be instructed by their cognizant technical supervisor in the
operation of the required test equipment and these electrical testing procedures.
They shall be familiar with the latest revision of the applicable documents
referenced in section 2. In addition, some of these tests require the technician to
have special training. A list of qualified personnel shall be maintained with the
Training Coordinator.

Some of these electrical test procedures have specific safety requirements. The
technicians performing these specific tests shall rigorously follow all the safety
requirements listed as well as those prescribed by the BNL ES&H standard.
Operators shall wear safety glasses with side shields or goggles.

Hypot and impulse testing pose a Class "C" electrocution hazard. At least two
properly trained technicians must be present to perform this testing. When
testing, a trained technician shall be stationed at any point where the item under
test is accessible to unauthorized people, and barriers shall be set up. Signs shall
be posted reading "DANGER HIGH VOLTAGE" and warning lights shall be
turned on.

Caution: to avoid the possibility of static build-up during and discharge during
coil winding operation, the following grounding must be installed. Attach a
ground wire to the coil support tube. Attach incoming lead for coil block being
wound to ground. After all the coil blocks are wound remove the ground wires.

When applying epoxy to coil, perform operation under exhaust hood and
document quantity of epoxy used on “Epoxy Usage Form”.
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Procedure
Insulation Procedure

Inspect the support tube for damage such as dents or deep scratches.

Clean the support tube surface with alcohol and clean wipes, until no
contamination is evident on the wipe.

Using a 2 inch piece of adhesive backed tape, secure the end of the Kapton tape
(12010181-13) to the support tube in the location indicated on the assembly
drawing.

Wrap one layer at 66% + 3% overlap as shown on the assembly drawing. Secure
the end of the tape with a 2 inch piece of adhesive backed tape. Maintain tape
tension during wrapping.

Place the wrapped tube in the oven. Set the oven temperature to 220 deg. C. and
turn the oven on. After the oven temperature reaches 220 deg. C., leave the oven
on for an additional 30 minutes. After 30 minutes, turn the oven off and allow the
tube to cool before proceeding.

After the tube has cooled, examine it for uniformity of the wrap, and verify that

the Kapton has formed a continuous layer. Trim the ends of the wrap to the
dimensions shown on the drawing and remove excess.

CAUTION

Be sure the “Hypot” and support tube are grounded at all times. Failure to
observe this caution may result in electrocution.

Place the beam tube assembly on the support stand. Hypot the assembly at SkV
per RHIC-MAG-R-7261.

SCQ (Quad) Double Layer #1

Mount support tube into winding machine making sure drive is engaged in lead
end flange.

Adjust jaws of mounting chucks to minimize run out.

Using 2” wide material, apply substrate to tube in a spiral wrap. Extend substrate
17 past calculated quad coil end.
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Measure and record diameter and run out measurements every 15° around
circumference at 5 axial positions. Forward data to Cognizant Electrical
Engineer.

Allowing a minimum of 6’ coil leads, wind the first layer using the appropriate
wiring file.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Make sure coil wire, still attached to winding machine, is up and out of the way.
NOTE

Blue epoxy, Teflon tape and substrate will all be wrapped around this wire.

Trim substrate ends to be flush with G-10 Spacers at both end of the coil.

Apply blue epoxy (2850 FT [12011227] + 24 LV catalyst [12011228]) to coil

filling in all voids between G-10 and conductor and between conductors.

Squeegee away any excess.

Over-Wrap Tube (Layer #1)

Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 Ibs.
tension.

Allow to cure overnight.

Remove Nomex and Teflon tape.

Precut substrate end, apply 2” wide substrate in a spiral wrap over 1*' layer.
NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Reposition wiring head and rewind any slack wire.

Using the appropriate wiring file, wind the second layer of the quadrupole.
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Allowing a minimum of 6’ coil lead, cut coil lead from wiring machine.
Perform electrical measurements per Appendix 1.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Apply blue epoxy (2850 Ft. [12011227] + 24 LV catalyst [12011228]) to coil
filling in all voids between G-10 and conductor and between conductors.
Squeegee away any excess.

1* Cure (Layer #1)

Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 Ibs.
tension.

Cure at 175°C for 90 min.

Remove Nomex and Teflon tape.

Take diameter measurements and record (data sheet).

Install coil assembly into fiberglass wrapping machine.

Butt wrap over coil with .003” B-stage impregnated fiberglass tape.

Wrap coil with B-stage epoxy impregnated S-glass fibre roving @28Ibs. tension
and 18 turns per inch. Wrap over full length of coil and G-10, but not over
Kapton.

Take diameter measurements and record (data sheet).

Butt wrap 5 layers of the same material as 4.4.7 with a tension of approximately
10 lbs. Stagger seams of adjacent layers.

Wrap coil with a 50% overlap of .003” Teflon tape.
Cure coil assembly at 125°C for 90 min.

Coil Machining (Layer #1)
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Taking maximum diameter cuts of .010”, machine the coil assembly to the
drawing diameter.

Examine coil after each cut. If fiberglass roving is seen, contact engineer.

When the target diameter is reached, contact the engineer for determination if
additional machining cuts are required.

Take diameter measurements and record (data sheet).
Perform electrical measurements per Appendix 1.
Perform warm magnetic measurements.

Double Layer #2

Mount support tube into winding machine using making sure drive is engaged in
lead end flange.

Adjust jaws of mounting chucks to minimize run out.

Precut substrate end, apply 2” wide substrate in a spiral wrap over 1* double
layer.

NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Measure and record diameter and runout measurements every 15° around
circumference at 5 axial positions. Forward data to Cognizant Electrical
Engineer.

NOTE

Make sure cut coil leads (2) are out of the way and secure to the tube

Allowing a minimum of 6’ coil leads, wind the first layer using the appropriate
wiring file.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Make sure coil wire, still attached to winding machine, is up and out of the way.
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NOTE

Blue epoxy, Teflon tape and substrate will all be wrapped around this wire.
Trim substrate ends to be flush with G-10 Spacers at both end of the coil.
Apply blue epoxy (2850 FT [12011227] + 24 LV catalyst [12011228]) to coil
filling in all voids between G-10 and conductor and between conductors.
Squeegee away any excess.
Overwrap Tube (Double Layer #2)

Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 1bs.
tension.

Allow to cure overnight.

Remove Nomex and Teflon tape.

Precutting substrate end, apply 2” wide substrate in a spiral wrap over 1*' layer.
NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Reposition wiring head and rewind any slack wire.

Using the appropriate wiring file wind the second layer of the quadrupole.
Allowing a minimum of 6’ coil lead, cut coil lead from wiring machine.
Perform electrical measurements per Appendix 1.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Apply blue epoxy (2850 FT [12011227] + 24 LV catalyst [12011228]) to coil
filling in all voids between G-10 and conductor and between conductors.
Squeegee away any excess.
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1** Cure (Double Layer #2)
Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 Ibs.
tension.

Cure at 175°C for 90 min.

Remove Nomex and Teflon tape.

Take diameter measurements and record (data sheet).

Install coil assembly into fiberglass wrapping machine.

Butt wrap over coil with .003” B-stage impregnated fiberglass tape.

Wrap coil with B-stage epoxy impregnated S-glass fibre roving @?28Ibs. tension
and 18 turns per inch. Wrap over full length of coil and G-10, but not over
Kapton.

Take diameter measurements and record (data sheet).

Butt wrap 5 layers of the same material as 4.8.7 with a tension of approximately
10 lbs. Stagger seams of adjacent layers.

Wrap coil with a 50% overlap of .003” Teflon tape.
Cure coil assembly at 125°C for 90 min.
Coil Machining (Double Layer #2)

Taking maximum diameter cuts of .010”, machine the coil assembly to its target
diameter.

Examine coil after each cut. If fiberglass roving is seen, contact engineer.

When the target diameter is reached, contact the engineer for determination if
additional machining cuts are required.

Take diameter measurements and record (data sheet).

Perform electrical measurements per Appendix 1.
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Perform warm magnetic measurements.
Double Layer #3

Mount support tube into winding machine using making sure drive is engaged in
lead end flange.

Adjust jaws of mounting chucks to minimize run out.

Precut substrate end, apply 2” wide substrate in a spiral wrap over 2" double
layer.

NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Measure and record diameter and runout measurements every 15° around
circumference at 5 axial positions. Forward data to Cognizant Electrical
Engineer.

NOTE

Make sure cut coil leads (4) are out of the way and secured to the tube.

Allowing a minimum of 6’ coil leads, wind the first layer using the appropriate
wiring file.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Make sure coil wire, still attached to winding machine, is up and out of the way.
NOTE

Blue epoxy, Teflon tape and substrate will all be wrapped around this wire.

Trim substrate ends to be flush with G-10 Spacers at both end of the coil.

Apply blue epoxy (2850 FT [12011227] + 24 LV catalyst [12011228]) to coil

filling in all voids between G-10 and conductor and between conductors.

Squeegee away any excess.

Overwrap Tube (Double Layer #3)
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Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 1bs.
tension.

Allow to cure overnight.

Remove Nomex and Teflon tape.

Precutting substrate end apply 2” wide substrate in a spiral wrap over 1* layer.
NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Reposition wiring head and rewind any slack wire.

Using the appropriate wiring file wind the second layer of the quadrupole.
Allowing a minimum of 6’ coil lead, cut coil lead from wiring machine.
Perform electrical measurements per Appendix 1.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Apply blue epoxy (2850 Ft. [12011227] + 24 LV catalyst [12011228]) to coil
filling in all voids between G-10 and conductor and between conductors.
Squeegee away any excess.
1** Cure (Double Layer #3)

Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 Ibs.
tension.

Cure at 175°C for 90 min.
Remove Nomex and Teflon tape.

Take diameter measurements and record (data sheet).
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Install coil assembly into fiberglass wrapping machine.
Butt wrap over coil with .003” B-stage impregnated fiberglass tape.
Wrap coil with B-stage epoxy impregnated S-glass fibre roving @?28Ibs. tension
and 18 turns per inch. Wrap over full length of coil and G-10, but not over
Kapton.

Take diameter measurements and record (data sheet).

Butt wrap 5 layers of the same material as 4.12.7 with a tension of approximately
10 lbs. Stagger seams of adjacent layers.

Wrap coil with a 50% overlap of .003” Teflon tape.
Cure coil assembly at 125°C for 90 min.
Coil Machining (Double Layer #3)

Taking maximum diameter cuts of .010”, machine the coil assembly to its target
diameter.

Examine coil after each cut. If fiberglass roving is seen, contact engineer.

When the target diameter is reached, contact the engineer for determination if
additional machining cuts are required.

Take diameter measurements and record (data sheet).
Perform electrical measurements per Appendix 1.
Perform warm magnetic measurements.

Double Layer #4

Mount support tube into winding machine making sure drive is engaged in lead
end flange.

Adjust jaws of mounting chucks to minimize run out.

Precut substrate end, apply 2” wide substrate in a spiral wrap over 3 double
layer.
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NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Measure and record diameter and runout measurements every 15° around
circumference at 5 axial positions. Forward data to Cognizant Electrical
Engineer.

NOTE

Make sure cut coil leads (6) are out of the way and secured to the tube

Allowing a minimum of 6’ coil leads, wind the first layer using the appropriate
wiring file.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Make sure coil wire, still attached to winding machine, is up and out of the way.
NOTE

Blue epoxy, Teflon tape and substrate will all be wrapped around this wire.

Trim substrate ends to be flush with G-10 Spacers at both end of the coil.

Apply blue epoxy (2850 FT [12011227] + 24 LV catalyst [12011228]) to coil

filling in all voids between G-10 and conductor and between conductors.

Squeegee away any excess.

Overwrap Tube (Double Layer #4)

Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 Ibs.
tension.

Allow to cure overnight.
Remove Nomex and Teflon tape.

Precutting substrate end apply 2” wide substrate in a spiral wrap over 1% layer.
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NOTE

There is no excess substrate. It is trimmed to be exactly over first layer at
this time.

Reposition wiring head and rewind any slack wire.

Using the appropriate wiring file wind the second layer of the quadrupole.
Allowing a minimum of 6’ coil lead, cut coil lead from wiring machine.
Perform electrical measurements per Appendix 1.

Install G-10 wedge spacers into coil. Temporarily hold in place by applying a
few drops of acetone to uncured substrate.

Apply blue epoxy (2850 Ft. [12011227] + 24 LV catalyst [12011228]) to coil
filling in all voids between G-10 and conductor and between conductors.
Squeegee away any excess.
1** Cure (Double Layer #4)

Immediately wrap coil with a 50% overlap wrap of .003” Teflon tape.

Over Teflon, butt wrap .005” thick x 2” wide Nomex with a minimum of 5 Ibs.
tension.

Cure at 175°C for 90 min.

Remove Nomex and Teflon tape.

Take diameter measurements and record (data sheet).

Install coil assembly into fiberglass wrapping machine.

Butt wrap over coil with .003” B-stage impregnated fiberglass tape.

Wrap coil with B-stage epoxy impregnated S-glass fibre roving @?281bs. tension
and 18 turns per inch. Wrap over full length of coil and G-10, but not over

Kapton.

Take diameter measurements and record (data sheet).



The only official copy of this file is the one on-line on the Superconducting Magnet Division
website. Before using a printed copy, verify that it is the most current version by checking
the document issue date on the website.

4.16.10

4.16.11

4.16.12

4.17

4.17.1

4.17.2

4.17.3

4.17.4

4.17.5

4.17.6

5.1

52

53

6.1

SMD-BEPC-3001D
Page 14 of 16

Butt wrap 5 layers of the same material as 4.16.7 with a tension of approximately
10 Ibs. Stagger seams of adjacent layers.

Wrap coil with a 50% overlap of .003” Teflon tape.
Cure coil assembly at 125°C for 90 min.
Coil Machining (Double Layer #4)

Taking maximum diameter cuts of .010”, machine the coil assembly to its target
diameter.

Examine coil after each cut. If fiberglass roving is seen, contact engineer.

When the target diameter is reached, contact the engineer for determination if
additional machining cuts are required.

Take diameter measurements and record (data sheet).
Perform electrical measurements per Appendix 1.

Perform warm magnetic measurements.

Quality Assurance Provisions:

The Quality Assurance provisions of this procedure require that the technician
shall be responsible for performing all assembly operations in compliance with
the procedural instructions contained herein and the recording of the results on the
production traveler.

The technician is responsible for notifying the technical supervisor and/or the
cognizant engineer of any discrepancies occurring during the performance of this
procedure. All discrepancies shall be identified and reported in accordance with
RHIC- MAG-Q-1004.

Measuring and test equipment used for this procedure shall contain a valid
calibration label in accordance with RHIC-MAG-Q-1000.

Preparation for Delivery:

N/A
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Appendix 1 - Testing of Coil Assembly
1. Perform Coil — Coil Hypot
CAUTION

Be sure the "Hypot” and support tube are grounded at all times. Failure to observe this
caution may result in electrocution.

+ Connect each of the coil windings except the one under test to the coil support tube and to
ground. Perform an ohmmeter check of the resistance between the coil under test and ground
following RHIC-MAG-R-7243. Verify that the resistance is at least 20 mega-ohms.

+ Perform a 1Kv hypot between the coil under test and ground per RHIC-MAG-R-7242 and RHIC-
MAG-R-7243.

NOTE
The leakage current must be less than 50 pa.
+ Repeat for all other coils.
2. Coil-Ground Hypot

+ Connect all of the coils together. Perform an ohmmeter check of the resistance between the coils
and ground following RHIC-MAG-R-7243. Verify that the resistance is at least 20 mega-ohms.

+ Perform a 5Kv hypot between the coils and ground per RHIC-MAG-R-7242 and RHIC-MAG-R-
7243.

NOTE
The leakage current must be less than 50 pa.
CAUTION

Be sure the "Impulse Tester" and support tube are grounded at all times. Failure to observe
this caution may result in electrocution.

3. Measure coil temperature. Measure voltage drop across each coil at 1 amp DC, following RHIC-
MAG-R-7227. Complete the measurements of inductance and quality factor (Q) following RHIC-
MAG-R-7228.

4. Attach computer printouts of electrical test data to the traveler.
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Measurements are
done 45° apart
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Figure 1

Sample Data Sheet



