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First SCQ Production Coil Winding
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OOrriiggiinnaall DDoouubbllee--LLaayyeerr BBEEPPCC--IIII CCooiill
WWiinnddiinngg PPaatttteerrnnss ffoorr SSCCBB aanndd SSCCQQ..

The plan had been to wind one coil pole and then stop
winding to fill in gaps with G10 before adding new
substrate and then continue winding the same pole in
the second layer.

This was maybe not so bad for SCB where we would
have had to stop/start twice but for the four double-layer
SCQ we would have had sixteen stop/starts for each
magnet.

Newly developed serpentine style winding allows us to
wind all the poles for a given layer without stopping so
that only when changing layers are stops required.

While important for efficient coil production, serpentine
windings also naturally give good integral harmonics.

In order to ensure that coil production went smoothly
we made two serpentine winding tests before the start
of BEPC-II coil production.
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Second layer is omitted here for clarity.

The second serpentine
test winding had features
needed to achieve proper
harmonics and went easily
to 1000 A in operation.

TThhee SSeeccoonndd SSeerrppeennttiinnee SSttyyllee BBEEPPCC--IIII
SSCCQQ CCooiill TTeesstt WWiinnddiinngg..

A tube was placed here to bring current lead down and out via the gap in first layer.
Later refinements led to patterns that did not require tubes to get the leads out.



KKnnoowwlleeddggee GGaaiinneedd wwiitthh tthhee SSeeccoonndd
SSeerrppeennttiinnee BBEEPPCC--IIII SSCCQQ TTeesstt WWiinnddiinngg..

TThhee ffiieelldd qquuaalliittyy iiss ggeenneerraallllyy vveerryy ggoooodd -- cceerrttaaiinnllyy ffaarr
bbeetttteerr tthhaann tthhee ffiirrsstt ccooiill.. TThhee oonnllyy nnoottaabbllee hhaarrmmoonniiccss aarree
--33..77 uunniittss ooff sskkeeww sseexxttuuppoollee,, ++22..11 uunniitt ooff sskkeeww ooccttuuppoollee
aanndd ++11..55 uunniitt ooff nnoorrmmaall ddeeccaappoollee ((aallll aatt aa rreeffeerreennccee rraaddiiuuss
ooff 5500 mmmm)).. AAllll ootthheerr hhaarrmmoonniiccss aarree aabboouutt oorr bbeellooww oonnee uunniitt..
TThhiiss ffiieelldd qquuaalliittyy iiss ssiimmiillaarr ttoo wwhhaatt wwee ccaann ttyyppiiccaallllyy
aacchhiieevvee ffoorr aa ssiinnggllee llaayyeerr ccooiill..

II bbeelliieevvee tthhiiss tteesstt ccooiill ccaann bbee ddeeccllaarreedd aa ssuucccceessss aass ffaarr
aass ffiieelldd qquuaalliittyy ggooeess.. -- AAnniimmeesshh JJaaiinn,, 2222 DDeecceemmbbeerr,, 22000033..

We also realized that changing the layer winding
order allows us to bring out both leads together via
the pole gap in the second layer.
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SCQ Lower Layer Serpentine Pattern SCQ Upper Layer Serpentine Pattern

Coil winding starts here.
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Harmonic tuning spacers are now only in second layer (gives
better harmonics with fewer spacers & speeds up production).

FFiinnaall ““TTwweeaakkiinngg”” ooff tthhee SSCCQQ CCooiill PPaatttteerrnn..

Layer transition.



Keeping the bottom layer pattern simple (no spacers) reduces the time the coil stays on the winding
machine and we find good harmonic solutions with fewer total spacers. Starting winding at the pole
allows the input lead to be brought out next to the exit lead in the gap in the second layer.

FFiinnaall ““TTwweeaakkiinngg”” ooff tthhee SSCCQQ CCooiill PPaatttteerrnn..
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SCQ First Double-Layer Cross Section SCQ Serpentine: Close Up at Lead End



Each double-layer has two leads that exit next to each
other from the coil pack. It is then a simple matter to
make pigtail splices (wires alternating clockwise and
counterclockwise azimuthally to save longitudinal
space) to connect up the different layers. Thus these
splices are done outside the main coil pack where they
can be reliably made up.

TThhee ““FFiinnaall”” MMuullttii--LLaayyeerr SSCCQQ CCooiill PPaatttteerrnn..
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SCQ Coil
Close UP

SSCCQQ hhaass ffoouurr
ddoouubbllee--llaayyeerrss..

OOrriiggiinnaall SSCCQQ ppaatttteerrnn hhaadd
tt wwoo hh aa rr mm oo nn ii cc tt uu nn ii nn gg
ssppaacceerrss iinn eevveerryy llaayyeerr;;
pprreesseenntt ddeessiiggnn oonnllyy ttwwoo
iinn eevveerryy ootthheerr llaayyeerr bbuutt
aacchhiieevveess bbeetttteerr ssoolluuttiioonn..
SSiinnccee ccooiill ffeeaattuurreess nnooww
ddoo nnoott lliinnee uupp aass mmuucchh iinn
ddiiffffeerreenntt llaayyeerrss,, rreessuulltt
hhaass rreedduucceedd ppeeaakk ffiieelldd..

SCQ Wiring Schematic

VViieeww ttoowwaarrddss ccooiill lleeaadd eenndd



Like SCQ the SCB coil is wound from seven strand cable. Here three spacers in the upper layer are
sufficient to ensure good harmonics. Note that dipole ends are naturally longer than quadrupole
ends so SCB has even less “straight section” than SCQ and has to be wound longer than SCQ in
order to have the same magnetic length.

TThhee ““FFiinnaall”” SSCCBB SSeerrppeennttiinnee CCooiill PPaatttteerrnn..
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SCB Final Serpentine Winding Pattern



VDC is wound using single strand wire and as with SCB three spacers in the upper layer are
adequate for tuning design harmonics. The actual winding pattern is a nested-serpentine, as was
done for the NLC FF quadrupole, where the conductors in the second layer are constrained to lie in
the “grooves” atop the lower layer turns. As was done for HERA-II, spacers are filled in with Nomex.
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VDC Final Serpentine Cross Section



SKQ is also wound in a nested-serpentine pattern from single strand wire and only two
spacers are needed in the upper layer for desired design harmonics.
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SKQ Final Serpentine Winding PatternSKQ Final Serpentine Cross Section



B, G
(T), (T/m)

Rin, Rout
(mm)

From IP
(mm)

Coil
Length
(mm)

Magnetic
Length
(mm)

SCQ 18.744 95.1~108.1 958~1460 502 400

SCB
(HCD)

0.543
0.056 108.5~111.8 644~1296 652 400

VCD 0.059 111.9~113.5 904~1514 610 380

SKQ 0.937 113.6~115.2 951~1467 516 400

Operating
Current

(A)

477

496
(51)

27

47

BEPC-II
Magnets

3-March-04

BBEEPPCC--IIII SSuuppeerrccoonndduuccttiinngg IIRR MMaaggnneett
CCooiill SSuummmmaarryy TTaabbllee..

Note: magnetic lengths and magnetic centers are kept
the same as before; however, with Serpentine style
windings the physical coil lengths and operating
currents are now slightly different.



When winding continues the second
layer pattern will be open here (allowing
the current leads to exit the coil pack).

Simple G10 spacers fill in pole regions.

SSttaarrtt BBEEPPCC--IIII SSuuppeerrccoonndduuccttiinngg IIRR MMaaggnneett
PPrroodduuccttiioonn:: FFiirrsstt SSCCQQ CCooiill PPaatttteerrnn..



Re-optimized Anti-Solenoid: Took turns away from
AS3 to give more space for SCQ leads but was able
to find solution with more turns in AS2 yielding 4%
l o w e r o p e r a t i n g c u r r e n t a n d b e t t e r B z
compensation. Expect to do final tweaking of anti-
solenoid design once SCQ is wound.
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Field from BES-III + Anti-Solenoid
732 turns for AS1
316 turns for AS2
276 turns for AS3
1324 total (1272)

Iop = 1078 A

BBEEPPCC--IIII AAnnttii--SSoolleennooiidd DDeessiiggnn SSttaattuuss..
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