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1.0
General.


This specification, in conjunction with the submitted Technical Drawings, defines the requirements for the un-insulated exciting coils of a dipole magnet used in the Fermilab Main Injector Project.

2.0
Scope.


This specification establishes the additional requirements for the fabrication, testing, marking and shipment of the dipole magnet coils as specified in the following elements:

240" A - Magnet Upper Coil

240" A - Magnet Lower Coil

240" A - Magnet Thru Lead

240" B - Magnet Upper Coil

240" B - Magnet Lower Coil

240" B - Magnet Thru Lead

160" C - Magnet Upper Coil

160" C - Magnet Lower Coil

160" C - Magnet Thru Lead

160" D - Magnet Upper Coil

160" D - Magnet Lower Coil

160" D - Magnet Thru Lead

3.0
Personnel Qualification.


3.1
Brazing



To manufacture each coil, 3 types of braze joints are required using both torch brazing and induction brazing methods; therefore, representative braze joints of each type made by each individual assigned to do the production brazing shall be submitted to Fermilab prior to the fabrication of the coils.  Fermilab will section and inspect samples for proper flow of braze metal.  Personnel will be approved to braze joints based upon their training and their ability to produce acceptable braze joints.  Only personnel approved by Fermilab shall be utilized.


3.2
Leak Checking



Vacuum Helium Leak Tests shall be performed by individuals who possess knowledge in the operation and calibration of the equipment used and who are qualified to perform Leak Testing as per the American Vacuum Society (AVS 2.1).  Qualifications of individuals shall be submitted to Fermilab for approval.


3.3
Ultrasonic Imaging



All brazed joints shall be examined by ultrasonic methods as per ASTM E587.  Personnel performing such inspections shall be trained and certified as capable of performing to that level.

4.0
Fabrication Requirements.


4.1
Handling.



The conductor shall be handled carefully to prevent  damage.  The forming  and subsequent brazing of the conductor shall be done in such a manner that the coolant passage is not compromised.


4.2
Material Deformation.



Keystoning caused by bending shall not decrease the cross sectional area of the hole by more than 10% nor decrease water flow characteristics below that specified.   All burrs,  slivers, rough spots and sharp corners shall be removed.  Dimensional growth of the conductor caused by the bending process shall be controlled such that the 4.00" dimension does not grow beyond 4.25" prior to dekeystoning.


4.3
Coil Conductor and Fitting Braze Joints.



All conductor to conductor braze joints are to be done by induction process.  Manifold and coolant connection joints may be torch brazed.  The Buyer will furnish induction brazing equipment to be used for brazing the 1" x 4" conductor in the coil body.  Operator training for the induction brazing equipment shall be provided by the Buyer.  The braze joint process for all joints shall be completely described in the traveler submitted by the seller.  The braze joint process selected as well as any subsequent proposed changes must be approved in writing by Fermilab.  Ensure that no more space than that specified is allowed between the copper pieces to be brazed (to allow proper capillary action to take place).  Mating part clearances shall apply at normal brazing temperature.  Surfaces to be brazed shall be totally clean prior to being brazed to allow capillary action to work properly.  Unless otherwise specified in writing, all space between mating brazed parts shall be completely filled with braze material (exception:  circular cavities of ferrules containing brazing rings).  Braze joints shall be made in strict accordance with applicable drawings.  No more than the number of coil conductor braze joints specified are allowed without written approval by Fermilab.  Brazing shall be accomplished only with the materials specified on the relevant drawings.  Control shall be maintained to minimize flow of the brazing material into the coolant passage.  After fabrication, the brazed surface areas shall be sanded to remove excess brazing material and sharp corner, edges, and burrs, etc.  Parts shall not be heated above the manufacturer's brazing guidelines for the materials specified.


4.4
Fabrication Documentation Requirements.



For each coil, a record denoting the completion of each step in the fabrication process shall be recorded in that coil's traveler by the individual responsible for the action.

5.0
Access.


Representatives of the Buyer shall be allowed access to the production and test areas of the Seller's facilities and to the Seller's subcontractor facilities as part of the bid review process or during the progress of work called for by this specification.  The Seller shall assist and facilitate inspection visits of the Buyer.  Seller's facility must be maintained in compliance with OSHA standards such that the Buyer's Representatives are not subjected to Environmental, Safety and Health hazards.

6.0
Inspection and Testing.


The Seller shall carry out all inspection and testing in accordance with the documented procedures and maintain appropriate records to complete the evidence of conformance of the coils to the specified requirements.

6.1
First Piece Coil Acceptance


Any and all acceptance tests on the first piece coil shall be witnessed by the Buyer at the Seller's facility.


6.2
Notification


The Seller shall notify the Buyer of all acceptance test dates and locations at least (7) seven days in advance of the performance of the tests.


6.3
Remainder of Fabrication Order.



The Seller shall not commence fabrication of the remaining coils without written approval from the Buyer stating acceptance of the first piece coil defined herein.


6.4
Rework and Repairs.



The Seller shall submit a written request to the Buyer for written approval to allow rework or repair of any and all coils deemed not to specification.  The request shall describe in detail the nature of the defect or damage, proposed repair procedure, and materials to be used to effect the repair.  The Buyer shall notify the Seller in writing of his concurrence (or lack of) with the proposed rework / repair procedure before the work can proceed.  Buyer concurrence with a repair procedure does not relieve the Seller of his responsibility to furnish coils in complete accordance with this specification.  Seller shall appropriately and fully document any repair procedure in the respective traveler.



Should the Seller choose not to rework or repair coils deemed not to specification, he may at his own expense replace the material and re-manufacture the coil.


6.5
Test Documentation


The Seller shall generate and provide a "traveler" as a document to define the sequence of manufacturing and inspections and tests, and to record all required measurements and test results.  This traveler shall be approved by the Buyer prior to the commencement of fabrication and shall include the tests and measurements.



One copy of the traveler shall accompany each coil and one copy shall be sent under separate cover to the Buyer.  Upon completion of the purchase order, the original traveler shall be sent to the Buyer.


6.6
Dimensional Check.



The Seller shall inspect and verify dimensional compliance of each coil to the Buyer's drawings.  Components and assemblies having measured dimensions outside of tolerances are not acceptable and are subject to section 6.4, Rework and Repair, herein.  The traveler shall serve as the mechanism for recording the dimensional measurements and checks, and if applicable any repeat measurements due to rework and repair.


6.7
Helium Leak Check.



Purge and pressurize the entire coil assembly, ensuring cooling passage saturation of helium to 30 PSI.  During purging, make sure to vent to the outside to avoid contamination of the test area atmosphere with excess helium.  Each joint shall be sealed off 3 inches away from the joint on both sides, using clear plastic, and probed for 2 minutes.  Probing is achieved with a Leybold Quick-Test Helium Sampling Probe (sniffer) or equivalent mounted to a DuPont 120 SSA Leak Detector (M.S.L.D.) or equivalent with a minimum detectable leak (M.D.L.) of 1 X 10-8 ATM cc/sec/div.  If after 2 minutes, there is any rise on the M.S.L.D. output meter, the joint shall be considered not meeting specification.  The M.S.L.D. type and serial number, the M.D.L., the value measured at each of the joints on the coil, and the disposition of the coil shall be recorded within the traveler.  The helium leak rate must not be greater than 1 X 10-5 c.c./sec. on tested coils.  Any coil having a joint leak rate greater than stated herein shall be deemed not to specification and subject to section 6.4, Rework and Repair, herein.  See section 6a of the sample traveler for test and documentation requirements.



Helium leak test equipment will be loaned by the Buyer to the Seller if the Seller does not already have acceptable equipment.



See specification #5520-ES-318135 for the detailed procedure to be followed.


6.8
Water Flow Test.



After successful completion of 6.7, the seller shall measure and record in the coil traveler the measured water flow, in gallons per minute, at a Pressure Differential (∆P) of 60 and 100 ± 1 PSIG, as per Tables 1 and 2 and Figures 1 and 2.  The temperature of the water used for the test shall remain between 62-78°F for each Water Passage Test.  Any flow measurement that is below the values shown in Tables 1 and 2 shall be deemed unacceptable and subject to Section 6.4, Rework and Repair.   The flow test procedure and measurement apparatus shall be approved by the buyer.   


6.9
Ultrasonic Imaging


Ultrasonic imaging will be performed on all 1" x 4" brazed splice joints to ensure that bond integrity meets the print requirements  Two particular areas that shall be considered are:



a)
The copper sleeve which serves as a mechanism to connect the adjacent pieces of conductor must be inspected.



b)
The brazed butt joints must be inspected over the largest possible area (within the limitations of the geometry).



The buyer may assist the seller in the conducting of these tests.  The buyer will furnish the equipment needed.


6.10
Visual Inspection


Throughout the manufacturing process, parts / assemblies must be continually checked for drawing conformance, absence of cracks, inclusions, nicks, burrs, dents, scratches, etc.  Any imperfection found shall be subject to Section 6.4, Repair and Rework.

7.0
Markings.


Prior to shipment, the Seller shall mark and identify each coil assembly by a unique serial number specified by the Buyer (see Table III).  This information shall be stamped in the size and location specified in the technical drawings.  No other permanent markings may be applied without the approval of the Buyer.  Throughout the manufacturing process, all material and equipment shall be marked as to the status of acceptability with respect to inspections and tests, discernible through the supplier's use of tags, routing cards, or other positive means.

8.0
Shipping.


The Seller is responsible for the proper packing or crating to ensure that damage is not incurred during shipment.  This shall be in accordance with transportation industry standards, and be consistent with the following Buyer requirements:



Water shall be completely drained from each coil, and the coolant circuit dried by blowing air through it.  Each coolant circuit shall then be plugged and sealed with Buyer approved plastic caps.



Containers shall be marked externally with the Seller's name, coil assembly drawing # and coil serial #, so that the particular coil inside any container is easily identified without opening the container.



Each container shall contain one set of coils for a specific type of magnet:  that is, one Upper, one Lower, and one Thru Bus.  These coil containers shall be sufficient to contain coils after they are insulated.  Inside dimensions of containers should be calculated to allow for 1/4 in. of insulation over the bare copper and 5/8 in. sagitta in the coils.  Placement should allow for easy removal of coils using slings.  Containers shall be stackable at least four high for storage.  Each container shall be equipped with lifting eyes to facilitate handling with overhead cranes.  Seller shall submit proposed designs for containers for review by the Buyer.  Seller shall certify that the racks are in compliance with the Rack Manufacturers Institute's "Portable Rack Specifications".  The containers shall be designed to be reusable.



Containers will become the property of the Buyer.

9.0
Acceptance Test


Final acceptance will be performed at the Buyers Facility.

Table I

M.I.R. 240" Coils (A & B)

Coil Type
Fig.
From

(Supply)
To

(Return)
Min. flow

@ ∆P of

60 psig`
Min. flow

@ ∆P of

100 psig`
Comments

"A" Upper
1
1
1
5.6
7.3
Return 2 & 3 closed off

"A" Upper
1
1
2
5.6
7.3
Return 1 & 3 closed off

"A" Upper
1
1
3
5.6
7.3
Return 1 & 2 closed off

"A" Lower
1
2
5
6.0
7.9
Supply 4 

closed off

"A" Lower
1
4
5
6.0
7.9
Supply 2

closed off

"A" Buss
1
3
4
16.0
21.0
None



"B" Upper
2
8
7
6.0
7.9
Return 8 & 9 closed off

"B" Upper
2
8
9
6.0
7.9
Return 7 & 8 closed off

"B" Upper
2
8
8
6.0
7.9
Return 7 & 9 closed off

"B" Lower
2
5
6
5.6
7.3
Supply 6 

closed off

"B" Lower
2
6
6
5.6
7.3
Supply 5

closed off

"B" Buss
2
7
10
16.0
21.0
None



Table II

M.I.R. 160" Coils (C & D)

Coil Type
Fig.
From

(Supply)
To

(Return)
Min. flow

@ ∆P of

60 psig`
Min. flow

@ ∆P of

100 psig`
Comments

"C" Upper
1
1
1
6.5
8.6
Return 2 & 3 closed off

"C" Upper
1
1
2
6.5
8.6
Return 1 & 3 closed off

"C" Upper
1
1
3
6.5
8.6
Return 1 & 2 closed off

"C" Lower
1
2
5
7.0
9.4
Supply 4 

closed off

"C" Lower
1
4
5
7.0
9.4
Supply 2

closed off

"C" Buss
1
3
4
19.0
26.0
None



"D" Upper
2
8
7
7.0
9.4
Return 8 & 9 closed off

"D" Upper
2
8
9
7.0
9.4
Return 7 & 8 closed off

"D" Upper
2
8
8
7.0
9.4
Return 7 & 9 closed off

"D" Lower
2
5
6
6.5
8.6
Supply 6 

closed off

"D" Lower
2
6
6
6.5
8.6
Supply 5

closed off

"D" Buss
2
7
10
19.0
26.0
None



Note:  See Section 6.8 of this Specification.

Table III
Fermilab Main Injector Dipole Coil Numbering

The bare coils for the Fermilab Main Injector dipoles shall each be labeled with a unique serial number composed of four letters, three digits, and one letter.  The four letters will identify  the part as shown below.  Each copy of a part will be given a unique three-digit sequence number.  For the initial order the first number in each sequence shall be 011.  The trailing letter designates the subcontractor.  The initial subcontractor will be designated "Y".  A space will be inserted between the first letters and the sequence number and between the sequence number and the subcontractor code.  Individual coils shall be referred to by these serial numbers in all documentation.

Coil
Letters

240" A - Magnet Upper Coil
IDAU

240" A - Magnet Lower Coil
IDAL

240" A - Magnet Thru Bus
IDAT

240" B - Magnet Upper Coil
IDBU

240" B - Magnet Lower Coil
IDBL

240" B - Magnet Thru Bus
IDBT

160" C - Magnet Upper Coil
IDCU

160" C - Magnet Lower Coil
IDCL

160" C - Magnet Thru Bus
IDCT

160" D - Magnet Upper Coil
IDDU

160" D - Magnet Lower Coil
IDDL

160" D - Magnet Thru Bus
IDDT

The initial order is thus composed of the following serial numbers:

IDAU 011 Y,  IDAL 011 Y,  IDAT 011 Y,  

IDAU 012 Y,  IDAL 012 Y,  IDAT 012 Y,  

IDAU 013 Y,  IDAL 013 Y,  IDAT 013 Y,  

IDBU 011 Y,  IDBL 011 Y,  IDBT 011 Y,  

IDBU 012 Y,  IDBL 012 Y,  IDBT 012 Y,  

IDBU 013 Y,  IDBL 013 Y,  IDBT 013 Y,  

IDCU 011 Y,  IDCL 011 Y,  IDCT 011 Y,  

IDCU 012 Y,  IDCL 012 Y,  IDCT 012 Y,  

IDCU 013 Y,  IDCL 013 Y,  IDCT 013 Y,  

IDDU 011 Y,  IDDL 011 Y,  IDDT 011 Y,  

IDDU 012 Y,  IDDL 012 Y,  IDDT 012 Y,  

IDDU 013 Y,  IDDL 013 Y,  IDDT 013 Y

