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Hybrid (2 step) LHCIR Quad Short Coil Curing Cycle 
F. Nobrega  9/29/99

TD-00-004


Reference:

[1]  R. Bossert, I Novitski, D. Chichili,  "LHCIR Quadrupole Coil Curing Cycle" , 5/29/99, TD-00-003.

[2]  R. Bossert, I Novitski, D. Chichili,  "“BNL” Style LHCIR Quadrupole Coil Curing Cycle",  9/9/99

FNAL Curing procedure (used for LHCIR Quadrupole coils in the short press in IB#3):
















Curing Cycle for LHCIR Quads:

((  Steps done by operator denoted by 2 dots.

(    Steps done by program denoted by 1 dot.

Extra information, not essential for the curing operation, is shown in italics

((Before rolling mold cavity with the coil assembly into the curing press, add 18 mils of brass shim to both sides of the mold cavity on top of the stop bars.  Tack in place using Eastman adhesive.

Point A) 

((Start at room temperature.  

((Make sure end saddle pushers are inserted up to mark on pushers. (This mark was made before installing end retainers.)  

((Verify that all "mandrel" cylinder valves are open. (Mandrel cylinders apply the radial pressure to the coil.)

((Close the last “platen” cylinder valves on each end. (Platen cylinders apply the azimuthal pressure to the coil.)

(( Start program. (LHCIR Quadrupole Coil Curing Cycle)
(Energize mandrel cylinders to 2500 pump psi.  This applies 11000 pounds per linear foot radial pressure to the coils).

(Wait 1 minute.  

(Energize platen cylinders to 1000 pump psi.  This applies an azimuthal pressure of 2800 coil psi to LHCIR Quad coils. 

      (The two previous loads are applied to "seat" the coil in the mold.)

(Wait 1 minute.

( Lower platen cylinder pressure to 500 pump psi. This lowers the azimuthal pressure on coils to 140 coil psi)

(Wait 1 minute.

( Lower mandrel cylinder pressure to 500 pump psi. (equivalent to 2800 lb. per linear foot)  Coil azimuthal pressure is now 700 coil psi.

( Wait 1 minute.

( Apply 750 pump psi end cylinder pressure (equivalent to 1500 lb. force or 925 coil psi on LHCIR quad inner coils and 675 coil psi on LHCIR quad outer coils where "coil psi" is defined as the end load divided by the largest saddle cross section).
( Wait 1 minute.

( Increase mandrel cylinder pressure to 2500 pump psi (11000 lbs per linear foot). Coil azimuthal pressure is now 140 coil psi.

( Wait 1 minute.

( Increase platen pressure to 1000 pump psi.  Coil azimuthal pressure is now 1040 coil psi.
( Pause and wait for operator to measure gaps. 

(( Measure gaps between mold stops and upper platen.  Record values in traveler.

Step 1)

(( Start heat cycle.  

( Increase temperature to 65C.  This step takes about ½ hour.

Point B) 

( When temperature reaches 65C, pause at this temperature and wait for operator to measure gaps.

(( Measure gaps between mold stops and upper platen.  Record values in traveler.

(( Resume program.

( Increase platen pressure to 3000 pump psi.  Coil azimuthal pressure is now 4600 coil psi.

( Verify that mandrel pressure is still 2500 pump psi. 

Step 2)

( Increase temperature to 90C.  This step takes about ½ hour.
Point C)

( When temperature reaches 90C, pause at this temperature and wait for operator to measure gaps.

(( Measure gaps between mold stops and upper platen. Record values in traveler.

(( Resume program.

( Increase platen pressure to 6000 pump psi..  Coil azimuthal pressure is now 10000 coil psi (assuming that the upper platen is not touching the mold stops.)
( Verify that mandrel pressure is still 2500 pump psi.

Step 3)

( Increase temperature to 135C. This step takes about ½ hour.
Point D)

( When temperature reaches 135C, pause at this temperature and wait for operator to measure gaps.

(( Measure gaps between mold stops and upper platen. Record values in traveler.

(( Resume program.  (LHCIR Quadrupole Coil Curing Cycle)
( Lower platen pressure to 500 pump psi. Coil azimuthal pressure is now 140 coil psi.
( Wait 1 minute.

( Lower mandrel pressure to 500 pump psi.  Coil azimuthal pressure is now 700 coil psi.
( Wait 1 minute.

( Lower end pressure to 250 pump psi. (equivalent to 500 lb. force or 300 coil psi on LHCIR inners and 225 coil psi on LHCIR quad outer coils where "coil psi" is defined as the end load divided by the largest saddle cross section).
( Wait 1 minute.

( Increase mandrel pressure to 2500 pump psi.  Coil azimuthal pressure is now 140 coil psi.
( Wait 1 minute.

( Increase platen pressure to 4000 pump psi.  Coil azimuthal pressure is now 6300 coil psi.
( Wait 1 minute.

( Increase end pressure to 750 pump psi. (equivalent to 1500 lb. force or 925 coil psi on LHCIR inners and 675 coil psi on LHCIR quad outer coils where "coil psi" is defined as the end load divided by the largest saddle cross section).
( Wait 1 minute.

( Increase platen pressure to 8000 pump psi.  Coil azimuthal pressure is now 13600 coil psi, assuming that the upper platen is not touching the  mold stops.
Step 4)

( Increase temperature to 190C.  This step takes about 1 ½ hours.

Point E)

( When temperature reaches 190C, verify that mandrel pressure is still 2500 psi.

( Pause at this temperature and wait for operator to measure gaps.  

(( Measure gaps between mold stops and upper platen. Verify that all gaps between upper platen and mold stop are closed (gap measurements of zero).  Record in traveler. 

Step 5)

((  Keep temperature at 190C for 10 minutes.

Point G)

(( Release all end pressure.

(( Wait 1 minute.

(( Release all platen pressure.

(( Wait 1 minute.

(( Release all mandrel pressure.

(( Wait 1 minute.

((Energize mandrel cylinders to 2500 pump psi.  This applies 11000 pounds per linear foot radial pressure to the coils).

((Turn off heaters and begin temperature reduction to 135C.
Step 6)

(( Reduce temperature from 190C to 135C.  (This process takes about 90 minutes or one hour with fan.)

Point H)

(( When temperature reaches 135C, verify that mandrel pressure is still 2500 pump psi.

(  Remove the 18 mils of shim from the stop bars.

(( Increase platen pressure to 4000 pump psi.  Coil azimuthal pressure is now 6300 coil psi.
(( Wait 1 minute.

(( Increase end pressure to 750 pump psi. (equivalent to 1500 lb. force or 925 coil psi on LHCIR inners and 675 coil psi on LHCIR quad outer coils where "coil psi" is defined as the end load divided by the largest saddle cross section).
(( Wait 1 minute.

(( Increase platen pressure to 8000 pump psi.  Coil azimuthal pressure is now 13600 coil psi, or less, (assuming that the upper platen is touching the  mold stops) 
(( Wait 1 minute.

(( Lower platen pressure to 500 pump psi. Coil azimuthal pressure is now 140 coil psi.
(( Wait 1 minute.

(( Lower mandrel pressure to 500 pump psi.  Coil azimuthal pressure is now 700 coil psi.
(( Wait 1 minute.

(( Lower end pressure to 250 pump psi. (equivalent to 500 lb. force or 300 coil psi on LHCIR inners and 225 coil psi on LHCIR quad outer coils where "coil psi" is defined as the end load divided by the largest saddle cross section).
(( Wait 1 minute.

(( Increase mandrel pressure to 2500 pump psi.  Coil azimuthal pressure is now 140 coil psi.
(( Wait 1 minute.

(( Increase platen pressure to 4000 pump psi.  Coil azimuthal pressure is now 6300 coil psi.
(( Wait 1 minute.

(( Increase end pressure to 750 pump psi. (equivalent to 1500 lb. force or 925 coil psi on LHCIR inners and 675 coil psi on LHCIR quad outer coils where "coil psi" is defined as the end load divided by the largest saddle cross section).
(( Wait 1 minute.

(( Increase platen pressure to 8000 pump psi.  Coil azimuthal pressure is now 13600 coil psi,(or less, assuming that the upper platen is touching the mold stops). 
Step 7)

(( Verify that the mold is closed.

(( Wait ½ hour with temperature at 135C and all pressures applied. 

(( Verify that the mold is closed.

Point J)
(( Turn off heaters.

Step 8)

( Maintain all pressures (mandrel, platen and end load) until temperature is below 50C.

( Let cool to 50C (this step takes several hours).

Point K)

( When temperature reaches 50C, release all end pressure.

( Wait 1 minute.

( Release all platen pressure.

( Wait 1 minute.

( Release all mandrel pressure.

( Program complete.

Step 9)

(( Let cool to room temperature.

Point L)

(( When coil has reached room temperature, remove mold from press.

Note 1:  "Azimuthal coil psi", in the case of LHCIR Quad coils, refers to a force distributed over two sections of coil, each .614 inches wide, plus the force needed to overcome the "mandrel cylinders".    To achieve "1000 coil psi" therefore, the platen cylinders need to apply (.614 in.x 2 x 12 inches x 1000 coil psi) = 14736 pounds per linear foot, plus the mandrel cylinder load applied at that particular time).  

Note 2:  IB3 short curing press cylinders
Mandrel (upper) cylinders are Simplex R102 and are spaced 6 inches apart.  They are 10 ton maximum capacity at 10000 pump psi.  Each has an effective area of 2.236 sq. in.  Cylinder stroke is 2 1/8 inches.

Platten (lower) cylinders are  Enerpac RCH-603 and are spaced 6 inches apart.  There are a total of 14 cylinders.  They are 60 tons maximum capacity at 10000 pump psi.  Each has an effective area of 13.25 sq. in.
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