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1.0
Scope.


This specification, in conjunction with the submitted Technical Drawings, defines the 
requirements for the half cores of dipole magnets of 240" and 160" nominal length used 

in the Fermilab Main Injector Project.


This specification establishes the requirements for the fabrication, inspection and 


testing, marking, and shipment of the dipole magnet half cores.

2.0
Purpose.

2.1
These magnet half cores provide the precise iron shape for dipole magnets.  


The Buyer will assemble the dipole magnets for the Fermilab Main Injector 


Ring using these half cores and insulated coils.

2.2
Several aspects of the shape of the half cores are critical to the performance of 


the magnets.  This requires special manufacturing procedures as well as 


precise parts and tooling.  The steel laminations and other parts will be 


subject to corrosion.  The storage and manufacturing environment must be 


designed to avoid excessive corrosion.

2.3
This specification has been designed to minimize the risk of poor magnetic 


field quality in the final assembled magnet.  Where this specification fails to 


take advantage of the special facilities or processes available to the Seller, 


changes may, with the Buyer's prior written approval, be made.

3.0
Nominal Core Characteristics.


240

160

Length at 70° F
240.150"

160.15"

Core Height
11.00"

11.00"

Core Width
31.0"

31.0"

Core Sagitta
.629"

.280"

Minimum Packing Pressure
100 PSI

100 PSI

Half Core Weight
17,520 lbs.

12,000 lbs.


The variations allowed on the nominal value, where applicable, are given in the drawings.
4.0
General Requirements

4.1
No deviations from the engineering drawings and specifications will be  


allowed unless the Seller has prior written approval from the Buyer.  This 


approval shall be obtained by submitting the request to the Buyer on a 


Fermilab approved and supplied engineering change request form (ECR) (See 


Figure 4).  The approval of deviation is at the sole discretion of Fermilab.  

4.2
The Seller shall provide adequate documentation for each and every half core.  


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 


necessary tests and measurements.

The documents for each half core shall reference the serial number of the half 


core on each page of all documentation.  Upon completing each coil the Seller 


shall ship one copy of all the documentation for that specific half core with 


that half core and one copy of all the documentation shall be transmitted to 


the Buyer.  The Seller shall retain the original documentation until the 


completion of the entire purchase order at which time the original 



documentation shall be shipped to the Buyer.


4.3
The traveler to be supplied with each half core shall include:



i)
Serial number and date of manufacture.



ii)
Detailed record of the stacking "recipe" of laminations used in each




half-core, from each box, die #, heat #'s, and coil #'s as 




taken from the lamination containers.  This shall include quantities 




of laminations.



iii)
Measured length and half core temperature during measurement.



iv)
Flatness inspection and the half core temperature during 




measurement.

4.4
Any discrepancies deemed not to specification and the subsequent rework or 


repair shall be reported by the Seller to the Buyer for approval or rejection by 


use of a Buyer approved and supplied form known as a Discrepancy Report 


(DR) (See Figure 3).  Each DR shall be incorporated into and become a part of 


the specific half core traveler to which it applies.  The serial number of the 


half core for which the DR was written shall be clearly noted on the DR, and 


the number of the DR shall be shown at the appropriate step in the traveler.


4.5
The Seller's facility shall be maintained in compliance with OSHA standards 


such that the Buyer's representatives and personnel are not subjected to 


Environmental, Safety and Health hazards.  Representatives of the Buyer 


shall be allowed access to the production and test areas of the Seller's 



facilities and the Seller's subcontractors' facilities as part of the proposal 


review process and during the progress of work called out in this 



specification.

4.6
The Seller's facility shall be maintained in order to provide the proper 



environment to stack the half cores.  To ensure the proper environment, the 


Seller shall provide an appropriate area in which the half cores shall be 


stacked and welded without degrading the laminations or the assembled half 


cores.  The Buyer shall have the right to inspect and approve the Seller's 


facilities prior to beginning the stacking process, and shall have the right to 


stop operations at any time if the work environment is not properly 



maintained.

4.7
Except as otherwise indicated, the Seller shall be responsible for designing 


and furnishing the fixtures and associated tooling necessary for completing 


the stacking process.  Such fixturing shall also include handling of the 


completed half cores.  The Buyer's engineering drawings of pre-production 


fixtures and tooling will be available for the Seller's reference.  

Special note with respect to lifting fixtures:  Written certification that 



the item was designed and fabricated as per ANSI / ASME B30.20 



specifications must be supplied with the completed assembly.

4.8
After completion of the first half core, a "first article" inspection for 



conformance to the drawings shall be performed with the Buyer's inspectors 


present.  

The Seller shall not commence fabrication of the remaining half cores without 


written approval from the Buyer stating acceptance of the first article defined 


herein.

4.9
Prior to shipment, the Seller shall mark and identify each half core assembly 


by a unique serial number specified by the Buyer (see Table I).  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 Seller's use of tags, 


routing cards, or other positive means.

Table I

Fermilab Main Injector Dipole Half Core Numbering

The half cores 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 specified by the buyer.  The trailing letter designates the subcontractor.  A space will be inserted between the first letters and the sequence number and between the sequence number and the subcontractor code.  Individual half cores shall be referred to by these serial numbers in all documentation.

Half Core
Letters

240" A - Magnet Upper Half Core
IDAT

240" A - Magnet Lower Half Core
IDAB

160" C - Magnet Upper Half Core
IDCT

160" C - Magnet Lower Half Core
IDCB

5.0
Materials


5.1
Laminations



5.1.1
Laminations will be furnished by the Buyer.  Each box of laminations 




is marked indicating:




a.
The number of laminations in the box.




b.
Die number from which the laminations were punched.




c.
Date of manufacture (stamping).




d.
Heat and coil slit number.




e.
Pole face designation as either thick, thin or even.



5.1.2
Representative sample laminations will be inspected using appropriate 




sampling techniques and approved by the Buyer prior to shipment to 




the Seller.  The inspection will verify cleanliness, dimensions, freedom 




from excessive warp, twist and camber.  

5.1.3
The Seller shall also inspect the laminations before beginning the 



stacking process.  The inspection shall be sufficient to satisfy the Seller 


that the laminations are in accordance with the above section, 5.1.2.  


Any non-conformance found which has not been noted and / or accepted 


by the Buyer shall be noted in the traveler and brought to the 



attention of the Buyer who will have final approval on the disposition 


of discrepant laminations.

5.1.4
Care must be taken by the Seller to ensure that neither the 




components nor the finished product become rusty.


5.2
Other Steel Parts

5.2.1
Material certifications are required for the two side plates and the top 



and bottom plate.

5.2.2
The special laminations required for the end packs shall be made from 



the supplied laminations.  The lamination trimming process shall be 



approved in writing by the Buyer before work is started.  The Buyer 



will specify and supply the laminations to be used.


5.3
End Pack Epoxy

5.3.1
The required epoxy materials shall be supplied by the Seller.  They 



shall be mixed, applied, and cured according to the appropriate 



engineering drawings and this specification.

5.3.2
The Buyer shall supply and use a Clean-O-Mat Cleaner or equivalent 



to clean all laminations used in the construction of the End Packs.  The 


Seller shall submit in writing the proposed cleaning agent and its 



mixture ratio to the Buyer prior to its use.

The Seller shall ensure that the degreasing agent will not exceed its 



shelf life / useful strength during the washing cycle.  Fermilab 




experience has been .2% Micro Solution, 3 gallons of DMI 100 per 125 



gallons of Distilled Water.  Each Lamination shall be degreased 



separately to remove all grease, dirt and surface contaminants.





Note:





Do not mix laminations of different thicknesses or type.



Once the Laminations are cleaned they shall be inspected to ensure 





that they are free of damage, grease, dirt and surface contaminants.

5.3.3
The Seller shall not deviate from the prescribed epoxy formula without 



prior written approval from the Buyer.  Approval shall be given only 



when the Seller demonstrates the superiority of the proposed 




deviation.  Any epoxy resin removed from the original bulk containers 



shall not be returned to the original bulk containers.  It shall be 




acceptable to place unused epoxy resins in a clean sealed container for 



use at a later time.  The clean sealed container shall be marked with 



the contents, batch number, date opened and the shelf life date.

5.3.3
No materials shall be used that have exceeded the manufacturer's 



recommended shelf life.  All materials shall be stored according to the 


manufacturers' requirements and recommendations.



5.3.4
The end pack stacker used shall be supplied by the Seller.  Its design 




shall be approved and verified as with all other tooling.

6.0
End Pack Curing Process

6.1
The Seller shall record all temperature and time cycles actually used during 


the Curing Process for each specific end pack.  All temperature, time cycle, as 


well as any approved discrepancy found, shall be noted in the individual 


traveler.  During the curing and cool down, the temperature at each sensor 


shall be recorded at least once every five minutes.  The temperature control 


and recording equipment shall be capable of recording the temperature to an 


accuracy of 1°F, and controlling the temperature to an accuracy within the 


required tolerance.  The clamping fixture and end pack shall be instrumented 


to allow sufficient temperature measurements to ensure that they have 


reached a uniform temperature.

7.0
Fabrication of Half-Cores.

7.1
The half-cores are assembled from .060" thick laminations, furnished by the Buyer, which are held between two thick end packs and plates around the 
outer contour.  The assembled half-cores are designed so that when assembled in pairs, intimate contact will be obtained between the two halves at the parting plane.

7.2
The stacking fixture (available from the Buyer), stacking operation, and process of welding on the tie plates and end packs must be controlled such that the print dimensions of the completed half core are maintained, particularly the flatness of the parting plane relative to the datum reference surface (see 7.5).  Magnetic hold down of the laminations to the stacking table will be made available and shall be used.

7.3
The magnitude of variation in the average vertical aperture (from the parting plane to the pole plane) of each magnet half core produced must be kept to within 5x10-4 (0.0005").  To accomplish this uniformity, the laminations used for each half core will have to be selectively picked according to their measured geometry, and the particular subcoil they came from (See Figure 1).

The Buyer will determine the particular marked boxes of laminations to be used, the stacking order, and the orientation of the chosen group of laminations to be used for each half core to be stacked, and will provide it to the supplier in the form of a stacking "recipe" for each half core.  The stacking recipe will describe which boxes of laminations to be used according to the box markings.  It is anticipated that as many as six different box types of laminations will be required to build each half core.

Laminations shall be pulled from each designated box in groups of 3", 50 laminations or 200 pounds per group and stacked in such a manner that witness notch orientation is reversed with each group.

7.4
Laminations are to be compressed and clamped after every 2 feet of laminations are stacked to obtain a uniform overall packing pressure of 100 PSI minimum, excluding the effects of the weight of the laminations against the stacking press.

7.5
Welding of the three plates to the end packs and to the laminations must be done on the stacking fixtures while the stack is compressed as specified in 7.4.  The welding procedure must be chosen to minimize distortion (allowing adequate time in fixtures to avoid thermal changes) such that the completed half core, particularly its surface flatness relative to the primary datum 
complies with all engineering drawing tolerance specifications when the core is resting on a flat datum reference surface.  The half core may be additionally loaded with 1/2 ton per foot length, in order to meet the required flatness requirements.

7.6
Care must be taken to maintain consistent and stable stacking pressure during the welding operation.

7.7
A suitable locating fixture must be fabricated to ensure proper placement of 


the feet welded to the lower half core assemblies. 

8.0
Half Core Handling and Storage

8.1
Due to the dimensional requirements of the half cores, all lifting, handling, 


and storage operations must support the half cores in such a manner that 


will not cause any distortion or damage.

8.2
Half core assemblies and their components must be stored away from the 


elements, in a clean, dry area remote from any machining or welding 



operation.

8.3
Any proposed stacking arrangement for storage of sub-components and 


complete half cores must not cause any damage or distortion to either the 


components or finished half core.

9.0
Inspection and Testing.

9.1
Equipment for the testing and inspection shall be calibrated and verification 


shall be provided to the Buyer prior to its use.  Calibrations shall be 



maintained on a scheduled basis and shall be subject to periodic audit by the 


buyer.  Seller's proposed calibration plan shall be submitted in writing to the 


Buyer for approval.

9.2
Mechanical tests shall be performed on the completed half cores prior to 


shipment to the Buyer.  All testing shall be performed at 75° to 100° F.  All 


tests shall be part of the individual half core traveler.

9.3
The Seller shall submit a written discrepancy report (DR) (see Figure 3) to 


the Buyer for written approval to allow rework or repair of any and all half 


cores deemed not to specification.  The DR 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 thereof) 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 half cores in complete 


accordance with this specification.  Seller shall appropriately and fully 


document any repair procedure in the respective process documentation.

9.4
Final acceptance of half cores will be at the Buyer's facility.  Seller is 



responsible for ensuring that half cores comply with the engineering 



drawings and specifications when received at the Buyer's facility.  The Buyer 


reserves the right to repeat any tests necessary to ensure compliance with 


this specification and / or its related drawings.

10.0
Shipping

10.1
The Seller is responsible for the proper packing or crating to ensure that 


damage is not incurred during shipment.  

10.2
For transportation, the half-cores must, at a minimum, be suitably supported 


on a Buyer approved shipping skid and covered by clean water tight material.  


The clean water tight material must not restrict the flow of air between itself 


and the half core so as to allow condensation to be trapped between the 


protective covering and the half core.  The Buyer will not accept a rusty half 


core.

Appendix I:  Definition of Terms

a.
Master Coil:  

A large coil from a heat of steel which other smaller coils are slit from.  (See Figure 1).

b.
Sagitta:

The distance between the midpoint of an arc and the midpoint of a chord.  This 

commonly denotes the amount of bend in a magnet.

c.
End Packs:

A group of laminations held together by epoxy which are contoured on the pole 

face to adjust the magnetic field in that region of the magnet.

d.
Back Leg Gap:
Gap created by the laminations meeting in the parting plane in a non parallel or 

non uniform manner.  (See Figure 2).

e.
Pole Face:

The end of the magnetic lamination that faces the air gap in which the magnetic 

field performs useful work.  (See Figure 2).

f.
Parting Plane:

Horizontal axis between two halves of a magnet normally located in the 


centerline between the two halves.  (See Figure 2).

g.
Recipe Stacking:

The process of selecting specific laminations of known dimensional 


characteristics in order to obtain a uniform magnetic field throughout a magnet 

as well as throughout the entire lot of magnets.
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