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LHC IR Quad Long Coil Curing Cycle – Two Step 
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Reference:

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

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

[3]  TD-00-004, F Nobrega, "LHC IR Quadrupole Short Coil Curing Cycle - Two Step",  9/29/99

FNAL Curing procedure (used for LHCIR Quadrupole coils):
















Curing Cycle for long 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 15 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.)  

(( Start program. (LHC IR Quadrupole Coil Curing Cycle)
(Energize mandrel cylinders to 1700 pump psi.  This applies 11000 pounds per linear foot radial pressure to the coils).(A1)
(Wait 1 minute.  

( Energize platen cylinders to 600 pump psi.  This applies an azimuthal pressure of 1800 coil psi to LHCIR Quad coils,( so coil azimuthal pressure is now 1040 psi, because the mandrel pressure must be subtracted from the platen pressure). 

      (The two previous loads are applied to "seat" the coil in the mold.)(A2)
(Wait 1 minute.

( Lower platen cylinder pressure to 300 pump psi. This lowers the azimuthal pressure on coils to 140 coil psi).(A3)
(Wait 1 minute.

( Lower mandrel cylinder pressure to 400 pump psi. (equivalent to 2800 lb. per linear foot)  Coil azimuthal pressure is now 700 coil psi.(A4)
( 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).(AE1)
( Wait 1 minute.

( Increase mandrel cylinder pressure to 1700 pump psi (11000 lbs per linear foot). Coil azimuthal pressure is now 140 coil psi.(A5)
( Wait 1 minute.

( Increase platen pressure to 600 pump psi.  Coil azimuthal pressure is now 1040 coil psi.(A6)
( 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 1800 pump psi.  Coil azimuthal pressure is now 4600 coil psi.(B1)
( Verify that mandrel pressure is still 1700 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 3600 pump psi..  Coil azimuthal pressure is now 10000 coil psi (assuming that the upper platen is not touching the mold stops.)(C1)
( Verify that mandrel pressure is still 1700 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. 

( Lower platen pressure to 300 pump psi. Coil azimuthal pressure is now 140 coil psi.(D1)
( Wait 1 minute.

( Lower mandrel pressure to 400 pump psi.  Coil azimuthal pressure is now 700 coil psi.(D2)
( 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).(DE1)
( Wait 1 minute.

( Increase mandrel pressure to 1700 pump psi.  Coil azimuthal pressure is now 140 coil psi.(D3)
( Wait 1 minute.

( Increase platen pressure to 2400 pump psi.  Coil azimuthal pressure is now 6300 coil psi.(D4)
( 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).(DE2)
( Wait 1 minute.

( Increase platen pressure to 4800 pump psi.  Coil azimuthal pressure is now 13600 coil psi, assuming that the upper platen is not touching the  mold stops.(D5)
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 1700 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.

(( Resume Program 

Step 5)

(  Keep temperature at 190C for 10 minutes.

Point G)

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

( Reduce temperature from 190C to 135C. 
Point H)

( When temperature reaches 135C, release all end pressure.

( Wait 1 minute.

( Release all platen pressure.

( Wait 1 minute.

( Release all mandrel pressure.

( Wait 1 minute.

( Pause for operator to remove 15 mil shims.

(( Remove the 15 mils of shim from the stop bars.

(( Resume Program

(Energize mandrel cylinders to 1700 pump psi.  This applies 11000 pounds per linear foot radial pressure to the coils).(G1)

( Wait 1 minute

( Increase platen pressure to 2400 pump psi.  Coil azimuthal pressure is now 6300 coil psi.(H1)
( 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).(HE1)
( Wait 1 minute.

( Increase platen pressure to 4800 pump psi.  Coil azimuthal pressure is now 13600 coil psi, or less, (assuming that the upper platen is touching the  mold stops).(H2) 
( Wait 1 minute.

( Lower platen pressure to 300 pump psi. Coil azimuthal pressure is now 140 coil psi.(H3)
( Wait 1 minute.

( Lower mandrel pressure to 400 pump psi.  Coil azimuthal pressure is now 700 coil psi.(H4)
( 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).(HE2)
( Wait 1 minute.

( Increase mandrel pressure to 1700 pump psi.  Coil azimuthal pressure is now 140 coil psi.(H5)
( Wait 1 minute.

( Increase platen pressure to 2400 pump psi.  Coil azimuthal pressure is now 6300 coil psi.(H6)
( 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).(HE3)
( Wait 1 minute.

( Increase platen pressure to 4800 pump psi.  Coil azimuthal pressure is now 13600 coil psi,(or less, assuming that the upper platen is touching the mold stops).(H7) 
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.

Appendix A:

Press Parameters for LHC IR Quads

The following appendix describes how the press pressures were calculated

[image: image1.emf]Short Curing Press in IB3:

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 square inches.  Cylinder stroke is 2 1/8 inches.

If we use the maximum capacity as a guide to rating force:

The pump psi/force ratio is  10000 pump psi/20000 lbs. force per cylinder. = 2 lb/pump psi.

Since the cylinders are spaced at 6 inches apart, there is 2/6 or 1/3 lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (1/3)/(1.228) = .271 coil psi per pump psi.

If we use the effective area as a guide to rating force:

The pump psi/force ratio is  2.236 lb/pump psi.

Since the cylinders are spaced at 6 inches apart, there is 2.236/6 or  .373lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (.373)/(1.228) = .304 coil psi per pump psi.

Using the effective area yields a force about 12% higher than using the maximum capacity.

Platen (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 effecive area of 13.25 square inches.

If we use the maximum capacity as a guide to rating force:

The pump psi/force ratio is  10000 pump psi/120000 lbs. force per cylinder. = 12 lb/pump psi.

Since the cylinders are spaced at 6 inches apart, there is 12/6 or 2 lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (2)/(1.228) = 1.629 coil psi per pump psi.

If we use the effective area as a guide to rating force:

The pump psi/force ratio is  13.25 lb/pump psi.

Since the cylinders are spaced at 6 inches apart, there is 13.25/6 or  2.208lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (2.208)/(1.228) = 1.798 coil psi per pump psi.

Using the effective area yields a force about 10% higher than using the maximum capacity.

End cylinders are Enerpac RSM100 and are 10 ton maximum capacity at 10000 pump psi. 

Effective area is unknown at this time.

If we use the maximum capacity as a guide to rating force:

The pump psi/force ratio is  10000 pump psi/20000 lbs. force per cylinder. = 2 lb/pump psi.

The saddle cross section for an inner coil is 1.62 square inches.

The saddle cross section for an outer coil is 2.22 square inches.

So the pump psi/coil psi ratio is 2/1.62 = 1.234 coil psi per pump psi for inner coils, 

and 2/2.22 or .901 coil psi per pump psi for outer coils.

If we use the effective area as a guide to rating force:

We will assume a 10% higher capacity.

So the pump psi/coil psi ratio is 1.234 x 1.1 or 1.357 coil psi per pump psi for inner coils, 

and .901 x 1.1 or .991 coil psi per pump psi for outer coils.


[image: image2.emf]Long Curing Press in ICB:

Mandrel (upper) cylinders manufacturer is unknown and are spaced 6 inches apart.  They 

are 15 ton maximum capacity at 10000 pump psi. 

Effective area is unknown.

If we use the maximum capacity as a guide to rating force:

The pump psi/force ratio is  10000 pump psi/30000 lbs. force per cylinder. = 3 lb/pump psi.

Since the cylinders are spaced at 6 inches apart, there is 3/6 or 1/2 lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (1/2)/(1.228) = .407 coil psi per pump psi.

If we use the effective area as a guide to rating force:

We will assume a 10% higher capacity

The pump psi/force ratio is  3.3 lb/pump psi.

Since the cylinders are spaced at 6 inches apart, there is 3.3/6 or  .55lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (.55)/(1.228) = .448 coil psi per pump psi.

Platen (lower) cylinders manufacturer is unknown and are spaced 12 inches apart.

There are a total of 28 cylinders.  They are 200 tons maximum capacity at 10000

pump psi.  Effective area is unknown.

If we use the maximum capacity as a guide to rating force:

The pump psi/force ratio is  10000 pump psi/400000 lbs. force per cylinder. = 40 lb/pump psi.

Since the cylinders are spaced at 12 inches apart, there is 40/12 or 3 1/3 lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (3 1/3)/(1.228) = 2.714 coil psi per pump psi.

If we use the effective area as a guide to rating force:

We will assume a 10% higher capacity

The pump psi/force ratio is  44 lb/pump psi.

Since the cylinders are spaced at 12 inches apart, there is 44/12 or  3.67lb. for per linear inch per pump psi.

The coil cross section is .614 x 2 x 1 = 1.228 square inches per linear inch.

So the pump psi/coil psi ratio is (3.67)/(1.228) = 2.986 coil psi per pump psi.

End cylinders are Enerpac RC101 and are 10 ton maximum capacity at 10000 pump psi. 

Effective area is unknown at this time.

If we use the maximum capacity as a guide to rating force:

The pump psi/force ratio is  10000 pump psi/20000 lbs. force per cylinder. = 2 lb/pump psi.

The saddle cross section for an inner coil is 1.62 square inches.

The saddle cross section for an outer coil is 2.22 square inches.

So the pump psi/coil psi ratio is 1/1.62 = .617 coil psi per pump psi for inner coils, 

and 1/2.22 or .45 coil psi per pump psi for outer coils.

If we use the effective area as a guide to rating force:

We will assume a 10% higher capacity.

So the pump psi/coil psi ratio is .617 x 1.1 or .679 coil psi per pump psi for inner coils, 

and .45 x 1.1 or .495 coil psi per pump psi for outer coils.

In calculating coil psi, we will use the "effective area" as a guide to rating force.  Where effective area is

unknown, we will assume it is 10% higher than the value derived from using the maximum cylinder capacity.


[image: image3.emf]There are three types of pressures to translate from the short to long curing presses.

"Radial pressure" is described as a force per unit length and is consists of the force per unit length

applied by the mandrel (upper) cylinders.  It is stated in units of "pounds per linear foot".

"Azimuthal coil psi" refers to a force applied by the mandrel (lower) cylinders, distributed over two sections

of coil, each .614 inches wide.  It is defined as: (the force applied by the mandrel cylinders, minus the

force applied by the plated cylinders), divided by the coil cross section.  

"End pressure" is defined as the load applied by the end cylinders divided by either the inner or outer coil

saddle cross section.

To translate mandrel pump pressure from short to long press:

Short pump psi/ coil psi ratio = .304 (short) divided by .448 (long) = .678.  

So multiply the short press pump psi by .678 to get the long press pump psi.

 Platen pump psi needed cannot be directly translated because the value needed 

depends on the radial pressure used at that time.

So to calculate short press mandrel and platen pump pressure:

Point on 

cycle* 

Mandrel 

lbs per 

linear foot.

Calculated 

Mandrel 

pump psi 

applied

Calculated 

Mandrel 

coil psi 

applied

Coil psi 

needed

"Effective" coil 

psi needed 

from platen 

cylinders

Calculated 

Platen 

Pump psi 

applied

Real 

Mandrel 

pump psi

Real 

Platen 

pump 

psi

Point on 

cycle*

A1 11000 2458 747 2500 0 A1

A2 11000 2458 747 1040 1787 994 2500 1000 A2

A3 11000 2458 747 140 887 493 2500 500 A3

A4 2800 626 190 700 890 495 600 500 A4

A5 11000 2458 747 140 887 493 2500 500 A5

A6 11000 2458 747 1040 1787 994 2500 1000 A6

B1 11000 2458 747 4600 5347 2974 2500 3000 B1

C1 11000 2458 747 10000 10747 5977 2500 6000 C1

D1 11000 2458 747 140 887 493 2500 500 D1

D2 2800 626 190 700 890 495 600 500 D2

D3 11000 2458 747 140 887 493 2500 500 D3

D4 11000 2458 747 6300 7047 3919 2500 4000 D4

D5 11000 2458 747 13600 14347 7979 2500 8000 D5

G1 11000 2458 747 2500 0 G1

H1 11000 2458 747 6300 7047 3919 2500 4000 H1

H2 11000 2458 747 13600 14347 7979 2500 8000 H2

H3 11000 2458 747 140 887 493 2500 500 H3

H4 2800 626 190 700 890 495 600 500 H4

H5 11000 2458 747 140 887 493 2500 500 H5

H6 11000 2458 747 6300 7047 3919 2500 4000 H6

H7 11000 2458 747 13600 14347 7979 2500 8000 H7

To calculate short press end pressure: 

Point on 

cycle* 

Inner coil 

psi 

needed

Inner pump 

psi needed

Outer coil 

psi needed

Outer 

pump psi 

needed

Actual 

Pump 

Psi

Point on 

cycle*

AE1 1000 737 750 757 750 AE1

DE1 350 258 250 252 250 DE1

DE2 1000 737 1000 1009 750 DE2

HE1 1000 737 1000 1009 750 HE1

HE2 350 258 250 252 250 HE2

HE3 1000 737 1000 1009 750 HE3


[image: image4.emf]So to calculate long press mandrel and platen pump pressure:

Point on 

cycle* 

Mandrel 

lbs per 

linear foot.

Calculated 

Mandrel 

pump psi 

applied

Calculated 

Mandrel 

coil psi 

applied

Coil psi 

needed

"Effective" coil 

psi needed 

from platen 

cylinders

Calculated 

Platen 

Pump psi 

applied

Real 

Mandrel 

pump psi

Real 

Platen 

pump 

psi

Point on 

cycle*

A1 11000 1667 747 1700 A1

A2 11000 1667 747 1040 1787 598 1700 600 A2

A3 11000 1667 747 140 887 297 1700 300 A3

A4 2800 424 190 700 890 298 400 300 A4

A5 11000 1667 747 140 887 297 1700 300 A5

A6 11000 1667 747 1040 1787 598 1700 600 A6

B1 11000 1667 747 4600 5347 1791 1700 1800 B1

C1 11000 1667 747 10000 10747 3599 1700 3600 C1

D1 11000 1667 747 140 887 297 1700 300 D1

D2 2800 424 190 700 890 298 400 300 D2

D3 11000 1667 747 140 887 297 1700 300 D3

D4 11000 1667 747 6300 7047 2360 1700 2400 D4

D5 11000 1667 747 13600 14347 4805 1700 4800 D5

G1 11000 1667 747 1700 G1

H1 11000 1667 747 6300 7047 2360 1700 2400 H1

H2 11000 1667 747 13600 14347 4805 1700 4800 H2

H3 11000 1667 747 140 887 297 1700 300 H3

H4 2800 424 190 700 890 298 400 300 H4

H5 11000 1667 747 140 887 297 1700 300 H5

H6 11000 1667 747 6300 7047 2360 1700 2400 H6

H7 11000 1667 747 13600 14347 4805 1700 4800 H7

To calculate short press end pressure: 

Point on 

cycle* 

Inner coil 

psi 

needed

Inner pump 

psi needed

Outer coil 

psi needed

Outer 

pump psi 

needed

Actual 

Pump 

Psi

Point on 

cycle*

AE1 1000 737 750 757 750 AE1

DE1 350 258 250 252 250 DE1

DE2 1000 737 1000 1009 750 DE2

HE1 1000 737 1000 1009 750 HE1

HE2 350 258 250 252 250 HE2

HE3 1000 737 1000 1009 750 HE3
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