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OVERVIEW
Magnetic requirements of SC 3pF Package:
❑ 0.1 T-m horizontal corrector
❑ 0.1 T-m vertical corrector
❑ 3 T skew quadrupole corrector
❑ 8.4 T normal quad (NOT a corrector, field quality must be good)
Inner diameter of the 1st winding: 137.4 mm
Coil length : 400 mm (B2pF: coil i.d. =120 mm, length > 3400 mm)
   Q3 package has a very small length/aperture ratio (<3)
✓ Optimum Integral Design (OID) makes a big difference such cases.
Initial feasibility of OID for Q3 package was been presented earlier.
➢  This iteration is for (a) complying with the latest parameters and 

(b) minimizing the number of  layers for reducing cost.
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Basic Parameters of the Iterated Design
• Coil i.d.: ~134.4 mm, coil length: 400 mm, space in cryostat ~500 mm

• Optimum Integral Design (OID) maximizes field integral for small length/aperture ratio

• Summary of the iterated design:

➢Normal Quad: two coil sets (4 layers, reduced from 6)

❖Two coil sets allow iteration in field harmonics based on 

the measurements in the first coil set

➢Skew Quad corrector: one coil set (2 layers) 

➢Horizontal dipole corrector: one layer (OID allows it)

➢Vertical dipole corrector: one layer (gap at midplane to 

avoid interference in coil winding)

• Meets operating margin and field quality requirements

o Margins are computed for all are powered at maximum and then 

all have a load line fraction margin of ~65% together (overkill?)

All quad layers are inside

All dipole layers are outside
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Computed Optimized Harmonics @33 mm in Three Coil Sets of Quad

➢ Old US definitions, b2 is sextupole

Coil set #1 Coil set #2 Coil set #3

Very low computed design harmonics in all cases

Two coil sets for normal quad and one coil set for skew quad
(in principle, they can be in any order – either normal in or skew in)

Spec <1 units for normal Quad; <10 units for skew quad (?check?)
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Computed Optimized Harmonics @33 mm in 2 Coil Sets of Dipole

Old US definitions, 

b2 is sextupole

Coil layer #1 Coil layer #2
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One coil layer for 

vertical corrector, 

one for horizontal

(they can be in 

any order)

Spec <10 units

Optimum integral 

design allows a 

single layer coil
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No Flat-top (short coil length

(id=128.8, L=400mm; L/d<2.4)

• Mipplane turn is full length

• Integral cos theta modulated

Quad layers inside; dipole layers outside

Axial Field Profiles of Horizontal and Vertical Dipole correctors 
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Field on the Normal Quad at the design field 
(all other coils also powered at the design field)

Normal Quad inside

(other coils hidden)
Skew Quad inside

(other coils hidden)

2.80 T 2.65 T

I(NQ) = ~910 A for 8.4 T, 4 layers 

I(SQ)= ~700 A for 3 T, 2 layers

I(H,V)= ~500A for 0.1 T.m, 1 layer, each

Preferred combination
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Field on the Skew Quad at the design field 
(all other coils also powered at the design field)

Normal Quad inside

(other coils hidden)
Skew Quad inside

(other coils hidden)

2.44 T 2.75 T

I(NQ) = ~910 A for 8.4 T, 4 layers 

I(SQ)= ~700 A for 3 T, 2 layers

I(H,V)= ~500A for 0.1 T.m, 1 layer, each
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Field on the Vertical and Horizontal Dipoles at design field 
(all other coils also powered at the design field)

(other coils hidden)

Skew Quad inside

2.47 T 2.33 T

I(NQ) = ~910 A for 8.4 T, 4 layers 

I(SQ)= ~700 A for 3 T, 2 layers

I(H,V)= ~500A for 0.1 T.m, 1 layer, each

Significant field from the quads inside

Vertical Dipole

(other coils hidden)

Skew Quad inside

Horizontal Dipole
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Computed Quench Performance 
(with field from all coils changing together)

*Margins are computed for all are powered at maximum and then all together 

operate at a load line fraction of ~65%. Individual set will have higher margin.

I(NQ) = ~910 A for 8.4 T, Iss = 1375A

➢ Load line fraction*: 66%

I(SQ) = ~700 A for 3 T, Iss = 1210 A

➢ Load line fraction*: 58%

I(H) = ~500A for 0.1 T.m, Iss = 1100 A

➢ Load line fraction*: 45%

I(V) = ~500 A for 0.1 T.m, Iss =1060 A

➢ Load line fraction*: 47%

Latest standard Ic(B) curve used for the cable
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SUMMARY
• Iterated design calculations confirm that the specified performance of 

superconducting Q3 package, placed in the same cryostat as the B2pF, can be 

obtained with a 400 mm long multilayer-direct wind coils based on the optimum 

integral design. Maximum space to be used  ~500 mm.

• Design of the Q3 package is optimized to meet the requirements with a minimum 

number of layers. It requires only 4 layers (2 coil sets) for the normal quad, 2 layers 

(1 coil set) for the skew quad and single layer each (OID allows that) winding for the 

vertical and horizontal dipole correctors.

• Additional windings can be added if performance of any is not as desired. This can be 

left as an option (not a baseline) to balance cost and risk. 

• The design, as such, is ready to go. Minor iterations in the actual winding file can still 

be carried out without impacting the overall design.

• Not examined yet – cross talk for the ESR line. 
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Extra Slides
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Computed Quench Performance 
(with field from all coils changing together)

To the maximum design current

To the computed 

short sample & beyond

Margins are computed for all are powered at 

maximum and then all have a load line 

fraction margin of ~65% over that (overkill?)

Computed short samples

Normal Quad 1375 A

Skew Quad 1210A

Horizontal Dipole 1100 A

Vertical Dipole 1060 A
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Field contour with normal and skew quads @500 A
(presented last time) 

3.1 T

Iterated design

• Normal quad: 2 coil sets @ ~900 A

• Skew quad: 1 coil set @~700 A

Requirements:
❑ 3 T skew quad 
❑ 8.4 T normal quad 

Two options examined: skew quad inside or normal quad inside

(dipole correctors are always outermost layers in both cases)

Profile along z-axis
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