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SUMMARY 

This caner Dresents the main characteristics of the trim coils 
realized for- the heavy ions super-conducting cyclotron Llnder construction 
at the Milan University. 

The guidelines in the choice of the conductor size~ of the insula
tion and cooling parameters are discussed in some details. The main 
operations in the coils c:onstrLlction~ as winding~ impregnation~ electr-i
cal tests and assembling~ are described . 

1) INTRODUCTION 

The> magnetic field isochr-onism reqLli rement 5 ~ foc di fferent 
accel er-ated i ons ~ in the sLlpercondLlcti ng c~'c 1 otron under' constructi on at 
the Milan University, are achieved with indipendent eucitation of two 
sections of the main sLlperconducting coils and with conventional coils 
(trim coils) which gives a trimming of a few hundred Gauss. 

Detailed reports on ma.gnetic field pr'oduced by the trim coils~ their 
configLu ... .;..tion and forces acting on them have been pLlblished elsewher'e 
(L 2). 
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For 6~ke of clarity we will give a short description of the ceils. 
They are wound on th~ hills~ close to the median plane of the machine 
and following the spir.al profile of the hills. The figs. 1~2~3 give an 
idea about the place where are installed the trim coils and their parti

. eLl 1 car shape. 
The cooling and CLirrent .upply of the coils ar-e achieved with lea.ds 

which are adhe..-ent to the hill walls and cross the YO ke of the magnet in 
the LLpper and lower- pole caps. 

The trim coils~ on each hill~ are twent) ... ~ divided in five groups~ 
separa.ted by radial spacers which are able to withstand the magnetic 
forces acting an the coils. 

.. . 
....... ~ , 

'-

••• 

.. 
FIG. 1 - Top view of the magnet. 

FIG. 2 - Radial and azimuthal sections of the hill and tri~ coils. 
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The fig 4 and 5 give some typical field contributions and current 
settings of the trim coils necEssary for the isochronous acceleration of 
differ-ent ions. 

The solutions are consistent with a double layer trim coils winding 
in order to achieve the maximum field correction. 

This pacer is particularly devoted to the technical solutions 
concerning the design of the components and the operations for the coils 
corlstruction as: 

ConductDr~ insulation and cooling design 
Winding procedure 
Coils impregn.;;,ti.on~ moulding a.nd a£sembly 
Vacuum tight current feedtrough 
Coi.ls supply and thermal protection 
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Fig. 3 - Top view of the trim coils on 
the hill. 

FIG. 4 - Trim coils field contributions to 
achieve the isochronous magnetic fields for 
the indicated ions : 
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FIG. 5 - Trim coils currents setting for the indicated ions. 

2) CONDUCTOR 

In the choice of the conductor in terms of 5i ze~ inSUlation 
cooling system we take into account .the fallowing requirements: 

Maximum magnetomotive force 4000 At. 
Maximum vertical coils thickness 15 mm. 
Maximum radial coils dimension 35 mm. 
Azimuthal coils thickness as small as possible 
Epo}: '(.-' i mpregnati on of the coi I 5 
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Moreover the coils must work in a differ&ntial vacuym chamber with • 
pressure of ~bout lu3 mbar. ',:. 

The Dossibility to utilize conductors of different material. inst~ad 

of copper (i '.e'.· Aluminium) has baRn inva.tigatad.",_. The conSitruction 
procedure and th& adopted cooling _ystem are con~istent only with the 
"copper solution". 

2.1) Coclino 

The total power di ssipated in the coi I s must be r&moved wi th .. fILii d 
forced flow; therefore we have d~cided to utilize a demineralized water 
cooling network available in the laboratory with a temperature of about 
20 Oc and a pressure of 5 bar. 

The conductor over.II dimensions are largely determined by the 
maximum magnet.amotive force~ the available _pace and the coolin!;! requi
rements. The square size presents the highe»t filling factor and the 
Llseful dimensions are in the range 4 :.{4 mm square and 7x7 mm square. The 
choice of the dimensions and the hole diameter has been determined by 
the following criteria: 

i) minimum temperCl.ture increase in the conductor 
ii) pres£ure drop of the cooling water limited to 4 bar. 

A computing program based on the classical relationships: 

R .. = Do Go 

'" 
Pr = CD H 

K 

Fe = 1.4 10-3 + 

Pd = 2 Fe G02 L 
II g Do 

0.125 (Ra)-O.3 

a = 0.0023 K (Ra)o.S (Pr)O.4 
Do 

Where : 

Rc Reynol ds nLlmber 
Pr Prandtl number 
Fc Friction coefficient 
Pd Pressure drop (gr/cm 2 

11) 

(2) 

( 3) 

(4) 

(5) 

a Coeffici~nt of thermal exchange copper/cooling fluid 
Do Ponderal diameter (cm) 
Go Ponderal speed (gr/ ( cm 2 SQc» 
~ Cooling fluid viscosity (gr/cm sec) 
Cp Specific: heat (J/gr OK) of the cooling fluid 
K Thermal conductivity CW/cm OK) of the coolinQ fluid 
9 Acceleration of gravity (em /sec 2 ) 
L Conductor lenght (em) 
P Fluid density (gr/cm 3 ) 

has been developed. It u.es as inputs the following d~ta: 
- Souare conductor external dimensions 

Hole diameter 
Conductor current 
Temperature incr&ase in the conductor 

and gives these outputs: 
Copper / hole section ratio 

- Cooling fluid pressure drop 
Cooling fluid pondaral speed 

- Temperature coefficient of copper/watar thermal exch.nge 
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The specific pressure drop~ the specific temperature increase~ the 
COE!ffi c i ent of COl)oer /water thermal e:.:chanoe and water ponder-al speed 
are plotted as a f~nction of the hole diam~ter for diff erent conductor 
dimensions in the fig. 6. 
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FIG. 6 - Coo ling circuit parameters as a fu nction of the hole diameter 
for different conductor si zes. 

The choice of a conper/hole section ratio of about 0.9 ma y be a good 
compromise for conductors with egternal side greater than 6 mm. For 
conductors of lower dimension s it is better to increase the ratio for 
mechanical reasons. The Table r presents t~Q possib le solutions for the 
trim coi Is conductor5~ in the same Table the e xpected pressure d l~op and 
thE? temperature increase for unit lenght of the conductor ar-G presented. 

TABLE I - Characteristics of the proposed conductor. 

SQUARE HOLE RADIUS DIMENS. PRESS. TEMP RATED 
CONDUC. DIAMETER ON TOLERANC. DROP INCR. CURRo NOTES 

SIDE CORNER " Mt . Mt 
(mm. ) (mm. ) (mm. ) (mm . ) (gr/cm 2 ) (OC) (A) 

--------------_._---------- ----------------------------------------------

6.5 ~ ~ 
..J • .:. .5 + / -. 1 76 1. 75 500 

coils 
4.5 3.6 .5 +/-. 1 112 3.5 360 in the 

centr.reg. 
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Considered that the suppliers do not make oil. little production 
(about 600 Kg.) of special size conductors which fulfil our needs we 
have examined the commercial available products. The conductors which 
approach OLI"- requirements are reported in Table II~ with the e){pected 
pressure drop and temperature increase for 1 ength Llni t. 

TABLE 11- Conductor ch_r~cteristic •. 

SQUARE HOLE RADIUS DIMENS. PRESS. TEMP. RATED 
CONOUC DIAMETER ON TOLER. DROP INCR. CURRo NOTES 

SIDE CORNER • MT. • MT • 
(mm. ) (mm. ) (mm. ) (mm. ) ( gr/cm2 ) (DC) (A) 

-----------------------------------------------------------------------
OFHC 

6.25 4.77 r 
.~ +/-. 1 113 1. 75 500 Copper 

Minimum 
4.77 3.2 r 

.. J +/-.. 1 155 - e .::.. • ...J 360 Lenght 
100 Mt. 

2.2) Conductor in6ul~tion 

Turn to turn and turn to ground insulation requirements for the trim 
coi 1 s can be guaranteed wi th an adeqLlat.e conductor- i. nsul at i on. 

It should be an easy problem to solve for the low voltage, but the 
relatively high current that supplies the coils i; ~blg to produce a 
welding point on the coils in the event of a spark. 

Differ~nt materi als have been taken in account for the insulation of 
the conductc.1r: 

Nome:·: ri bbon 
- Epa>: y enamel 
- Fiberglass ribbon 
- Fiberglass thread 
_. ·Dag I as thread 

.The main properties required f or a g ood condLlctor insulation are: 
Low hygroscopicit.',..' 

-:- Low thickness 
High roughness 

- tiigh adhesion with the conductor 
- High cut and friction mechanical resistance 
- High fitting at low bending radii 
The table III makes a comparison of these properties for different 

insulating materials. 

TABLE III - Properties of some insul.ting materials . 

l' T E M HYGROS. THICK. ROUGH. ADHES. MECH.RES. FITT. 

Nome>: r- i b • high low low low high low 
Eoo:-~ y encOl.m. low low low high hi. Qh hig h 
Fiberg.rib. high high hlgh low high low 
Fi berg. thl~. high low high low high high 
Daglas.thr. med.t low high hiQh h i gh hi g~l 

t Dagl.as h ygroscopicity is reduced after thermal process. 
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It appear-s evident that Eno:{V enamel and Daolas thread solutions 
score all the other. The good ~xp~rience in this-field furnish~d by the 
F'irell i Co. (MILAN) allowed us to c h oO'be the second snlu.tion. 

The insulatina curino could be this one: 
The conduct~r well-cleaned pass through a series of reels with the 
Daa 1. as thread wound LlD. 

Th;se ones turn on ciockwise and counterclockwise directions a 
round the cond~ctor ot"'ovidino a double soiral Daolas coati no. 
Then~ "the insulate~ conducior~ reache~ a 5ufficent heating in 
order to fLlse the pol yesther component of the Oagl as whi ch 9i ve a 
very good .;I,dherence between copper 8nd i nsul atal'". 

The electrical tests .performed on some samples of conductor insu-
lated with double Oaglas thickness of 0.25 mm gave us a turn to turn and 
a tLlrn to ground spar ki ng vol tage hi gher than 500 Vdc. 

After the construction of a prototyoe set of 1 to 1. scale of twenty 
trim coils the thickness of the conductor insulation was increased at a 
double Daglas thickness of 0.35 mm. for safety reasons. 

3) VACUUM TIGHT - CURRENT FEEDTHROUGH 

The prototype of the vacuum tight CLlrr·ent feedtrough ,for the trim 
coils was developed first bec~use it is one of the crucial components 
in the trim coils system. 

In its design we ~'ave taken into account the possibility to reduce 
the number of the holes in the pole caDS. This philosophy is quite 
different from that adopted at the MSU where each cLlrrEmt leads crosse'~ 
the magnet wit~1 an indipendent hole. 

In their design we have taken into account: 
Casting technique for the VaCUlJm tightness 
Holes in the magnet~ less than possible 
Electrical connections between coils and terminal board 
Cooling connections 

3.1) Vacuum tight 

In the final 
oresented in fig. 
epo>!Y compound ~ 
the pr'otot.YDes. 

We c,';\n say 
these suggestions: 

solution . for the vacuum tight current feedthrough~ 

7~ particular care was taken in the choic~ of the 
casting tecfinique and neverthless the tests' to tryon 

that good results sholJld be warranted only following 

Proper I'-esin choice~ depending on working conditions 
,- Compol_lnd age 1 ess than 1 year 

E:.:act mi~:ing of the components 
Proper surfaces treatment (cleaning~sandinQ~etc .. ) 
ProDer thet-mal cycles 

_. Resin deaerating before and after mi:~ing 
Vibration during and after the injection of the resin 

The prototyoe of vacuum tight current feedthrough has been made with 
different factories products. We have tried various thermal cycIes~ 

surfaces treatments and resins injection techniques: at last we have 
chosen the 3 M Scotchcast t'lo'pe 281 which has a vacuum leak lower than: 

l'10-8 Torr It. /sec. 

after- hundr-ed thermal cicles fr-om 120 0 C to 20 0 C. 
Sticking with e.po~:y resins of copper and stainless steel is not ver-,!-' 

easy expecially if we want a perfect vacuum tight. We think therefore 
justified to write something about the procedure that we have developed. 

The intel'"'nCl.l side of the stainles!;; steel tLlbes is pr-operly wl"-in
kled with sanding and coated with primer Scotchcast 265. 
The conductors from which the in6ulation is removed~ arE' wrinkled 
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with gl~ss-paper and coated with primQr too. 
Epo:·:y compound, mb:ed, dea.erated and warmed,is slowly injected in 
the tube with a s yringE ~nd, the vacuum feed through, is put on 
vibration. The trapped air- during resin injEction must be removed 
only with vibr-ation. (3) 

We wa.nt to recall your a.ttention on the fact that, in the epm·:y 
compoLlnd, there are vola.tile calements Qssential for the fle>:ibility. 
Therefore in the figLlre 8 are s h own curves concerning the pres
sure/temperature limits, in the deaereating process of some 3M compound. 

I DAGlAS INSULATED 
COPPER CONDUCTOR 

1/ 
II EPOXY COMPOIINO 

SCOTCHCAST 281 

I I STAINLESS STEEL 

/ 
A I I A 

1 1 

I I Section A-A 

Section II rlh 
a-a a a 

FIG. 7 - Vertical and horizontal 
cross· sections of the vacuum 
tight current feedtrough. 

3.2) Supply ~nd coolinQ connections 

5. 0 
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5 
3 , 2 5,237. Z41.243.Z41 __ I 4 . 

I 
4 .0 I 

I 
3. 5 I 

SAfE A • fA I 
I 3.0 

~ I 
I 

... 2.5 

/ I 
I 

/ 
1/ 

.1 

V / 
1 .5 

./' / 

-- / / 
' 0 l .. T I l , 

• I , I 

1.0 

-- I 
0.5 

o 
50 60 70 80 90 100 11 0 120 
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FIG. 8 - Vacuum/Temperature limits for 
deaerating procedure. 

The square section of the conductor is not suitable for the elec
trical and cooling connections therefore cylindrical termination has 
been welded. A 1/8 inch thread on these terminations allows the cooling 
water connection~ see fig. 9 . A particul~r copper-chrome alloy with low 
resistivity and very good mechanical properties was preferred in the 
construct ion of the cylindrical ends of the coils. 

The shape of the ends and their electrical connections were achieved 
after the realisation of a few different prototypes. They are silver 
coated and the ma. }o! imum .voltage drop is 1 mV at 500 A. 

The horizontal cross section of the current feed through shows th~t 
it is not possible to have the four cylindrical ends at the Sa me l~vel. 

We have adopted .. three level. solution which m.ke£i easier the conngc
tion~ from coil to coil and from the coils to the terminal board on the 
upper and lower pole cap6 of th~ m.gnet. 
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FIG. 9 - Phases of the tri m coils \~;l hi;119 . 
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4) COILS WINDING 

The comple~: shape of the coils was the main r-eason for our troubles 
to find a company intereste in their construction. Among the companies 
asked for a tender only the DeEM Company (MI) had given a positive 
r-eplay . 

The large e}:perience of the DeEM in the construction of the medium 
power electrical transformers was very important for the good results 
obtained . 

l~ . l) Winding techniqul2 

As mentioned in paragraph 2, it is very important to get an clzimu
thai thickness very law in the proximity of the median plane of the 
machine, in order to have an accelerating angle as close as possible to 
60 0 . The 18,:-'er change shown in fig. 2 is achieved at a minimum distance 
of 70 mrn. ·from the tOPr median plane side, of the coils. Moreover it is 
very important ~ in o rder to reduce the magnetic field harmonics~ to have 
a regular radial distribution of the coils. 

A full scale aluminium orototype of two sectors and valley has been 
rnade~ in order to check out the machining procedures and to allow the 
assembling of a full set of twenty trim coils on the hill 

At the same time a prototype set of the trim coils were wound with 
Daglas insulated cooper conductor on suitable wood models. 

This allwoved us : 
to check the precision of mechanical assembling of the trim coils 
on the hill! 
to increase the nurnber of turns of some trim coils~ 
to min im ize the tri m coil azimuthal thicknes5~ 

~o take in place a proper arranQement of the coils far the impr-e
gnation . 

Some phase~ of trim coils' winding are shown in the picturps of fig. 
10. The fin al trim coils winding begun in November 1982 and was comple
ted in April 1983. 

The Table IV summarlzes the geometrical and electrical characteri 
stics of the trim coils. The corltrol of the first harmonic in the 
central region and at the extraction is reached respectively with the 
coils 1~2 or 3 ~4 and the coils 19~20. 

DAGLAS INSULATED 

<P ¢ 
CONDUCTOR 

T T 
A A • 

90 \15 

I 35 

<b 6.5 \ 
t EPOXY COMPOUND .\ 

STAINLESS 

F1G. 10 - Sample for the mechanical tests on the resins. Dim . in mm. 
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TABLE IV - Trim coil. m&chanic~l .nd Qlactric.l char.ctari.tic •• 

TC RAV Ri Rf Df TN Im.x R'i!Ii; Ind NOTES 
n. (em) (em) (em) (deg) (A) (m ) ( uH) 

-------------------------------------------------------------------------
1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

1.3 
14 
15 
16 

17 
18 
19 
20 

TC 
RAV 
Ri,Rf 
Df 
TN 
Imax 
Res 
Ind 

11.59 9.58 13.38 42. 1 14 360 15.5 
1.3. 17 13.38 16.95 44.3 14 360 16.8 
18.74 16.95 20.53 45.6 14 360 17.7 
22.32 20.53 24. 11 46.5 14 360 18.9 

24. 11 25.41 

27.08 25. IU 28.76 48.0 10 500 10.4 
30.77 28.76 32.77 48.3 12 500 12.9 
34.45 32.77 36.12 48.5 10 500 11.7 
37.80 36.12 39.47 48 . 5 10 500 12.5 

39.47 40.77 

42.46 40.77 44.14 48.4 10 500 12.8 
46.16 44.14 48.19 48.2 12 500 15.6 
49.87 48.19 51.56 48.1 10 500 13.9 
53.24 51.56 54.93 48.1 10 500 14.5 

54.93 56.23 

57.92 56.23 59.60 48.0 10 500 15.2 
61.62 59.60 63.65 47.9 1" ~ 500 18.5 
65.33 63.65 67.02 47.9 10 500 16.5 
68.70 67.02 70.39 48.0 10 500 17. 1 

70 . . 39 71.69 

73.38 71.69 75.08 48. 1 10 500 17.5 
76.77 75.08 78.47 4·8 . 5 10 500 18.2 
80.50 78 . 47 82.53 49.7 12 500 22.4 
84.57 82.5.3 86.60 51- t 6 500 14.9 

86.60 87.90 

Trim coil number"' 
Average r-adius of the trim coil 
Initial and final trim coil radii 
Average azimuthal width of the trim coil 
Number of turns of the tr i m coi 1 

39.0 H~rmanic 

46.0 Cotis 
55.0 Conductor-
61. 0 4.77 mm. 

Spacer 1 

36.5 Conductor 
54.0 6.25 mm. 
43.5 
45.5 " 

Spacer 2 

49.5 Conductor 
72.0 6.25 mm. 
56.0 
60.0 

Spacer 3 

62.5 Conductor 
89.0 6.25 mm. 
70.0 " 
73.5 

Spacer 4 

76.0 CondLtctor 
81.0 6.25 mm. 

120.0 Har"'m. coil 
36.0 H.;I.rm.1. la~er-

Spacer- 5 

Ma x imum excitation current ( trimming and harmonic Excitation) 
Resistance of the trim coil and leads at 40 ~c 
Self inductance of the trim coil 

5) I MPREGNATI ON 

The trim coils structure is absolutely not adequate to withstand the 
magnetic fOr"'ces due to the high magnetic field in which they oper"'ate. 
The main fOr"'ces are in r"'adial and vertical direction; a precise computa
tion of these forces has been made. (3) 

Mechanical coils~ rigidity and a good sticking with the spacers may 
be satisfied by the epoxy resins impregnation of the coil. 
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We remember that the coil's set have to be removable in order ~c 
~llow the shimminc of the hills or to change the damaged coils. In thiS 
;art we will illu~trate the criteria of the resins ct'Qices~ tests on the 
cured compound and i moregnat i on p .... ocedure. 

5.1 ) Epo~y r&~i ns 

A lot of e.oo::y compound are commerciall y availablerthe pr-ablem is to 
find the mor~ adeouate at our need. It is always advisable to make 
specific tests on t~e resins~ in fact the allowable technical data sup
plied fr- orTI the Companies arE not guaranteed . 
. Our exnerience i n construction and maintenance of magnets for nu
clear rese~rch allows us to prepare a list of the ~ain characteristics 
that would be compared in the compounds" selection and the tests to be 
tried. Th ey are in particulClT! 

Class of insulation 
Hygroscopi city 
Los§ of WEight under vacuum 

- Thermal conductivity 
Sharing strenght 
Thermal shock resistance 
Coefficient of ttlErmal e xpans ion 
Viscosity 
Hardnes s 

- Radiation damage 
The more su itabl e solution 52ems that with wa rm curing liquid re

sins~ their electrical and mechanical performances justify the majo r 
com.ole>:ity in handling in compal'"ison with the cold cur-ing one. vJe can't 
forget moreover ttlat is not possible to find the class "F" thermal 
cerformaces in the field of the cold curing resins. The familiarity with 
the warm curino comooullds, sVDolied fr om diff""r-eMt cnmpanies, aCGuired 
dur-ino the cDn;truc~ion of tt,e vacuum tigtlt cur rerlt feedtroughr allowed 
u s to-make the test for the impregnation of the trim coils at a restric
ted number of 3M compounds. 

A samole which reor-educes the trim coils and snacers structur-e~ 
·flg _ 1(J~ wa s developed in at-der to perform the thermo me-chanical 
and to take 1M Dlace a good impregnation technique. 

SEe 

Th e tensile resistance of the samples was verified depending from: 
_.- Thermal shock 

Radiation damage (20 MRad with 40 Mev protons) 
Spacer surface treatment 
Therm a l curi ng schedules 
Deaerating with vacuum and vibration of the resin during casting 

All the informations collected can be resumed with few statements: 
The mo s t imp ortc;l.nt damage fc.~ an epo:,:y resin i~ the thermal shock 
in oart icular for rigid tyees. 

- Ten si le strenght decreases until 30-40 % after ther-mal shock 
- Tensile strenght decreases about 10-20 % after- r-c;l.diation damage 
- Ten S ile strenght increases about 20 % wjth suitable ct,oicss of 

surfaces treatment . cur ing schedule~ and so on . 

5.~) Trim coils .sbembing on the hill 

The trim coi ls. even if very we ll mQnif actured ~ require a mechanIcal 
fi.tting Dn the hill s. Dur-ing t.his operation we mu~t take can~ do not 
damage the conductor insulation _ When th e fitting is comDleted the coils 
are disassembled and the hill is completel y covF.lred with a thin mylar 
sheet. Thi s will allow to disassemble the coils from the hills fer shim
ming or reoaring if damaged r moreover we have an increas~ of the ground 
i nsul at i on. 

Before the fina l assembling of the coils on the hills we perform a 
first series of electrical tests on the coils in order to verify their 
resistance and turn to turn insulation~ fig.11 §how the instr umen tation 
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for electrical tests. 
The preliminary electrical tests sequence is this one: 
1) With a par-ticular transfCH'""mer an a.c. voltage of the order of 

20 volt~ 50 Hz, is indLlced in the coil in order to verify tLlrn 
to turn insulation. 

2) The enil r-esistance is me .... s;ured at a d.c. supply current of 50 A, 
with an accuracy of the order of 1%~ and recorded. 

3) The room temperature is measured at the beginning and at the end 
of the tests. 

This procedure allow to check the coil resistance during assembly 
phaSES and verify the turn to ~Llrn insulation with a sensitivity larger 
than 50 mVolt. 

FIG. 11 - Equipment for the electrical tests. 

After a careful cleanir\g~ the coils are finally assembled on the 
hill. During the assembling~ the electrical lead terminations are 
welded and. the vacuum tight current feedthrough are made. 

A new series of electrical tests are performed~ in order to verify: 
tUrn to tllrn~ coil to coil and coils to groLmd insulation; then the 
coils are read y for the epo~y caGting . 

5.3) Moulding 

The hill~ with the trim coils assembled is removed from its stand 
and placed orl a strong steel plate coated 'with PTFE enamel. This is the 
bottom side of the moulding box, mechanical r6'ferenCEs allow a pr-oper 
positioning of the hill on the plate. The position of the vertical walls 
of the be:.: is lightly vartable in order to opt.imize the azimLlthal thick
ness of the resin. These also PTFE coated are six piEces~ which with 
screws, are fixed togett,er and at the bottom side of the bo~. 

The COLtpling between Llpper and lOWEr- hill is QLlaranteed by a proper 
aluminium plate,fixed on the spacers, even if, this makes worse resins 
deaerating of the upper coils side. 

Accurately sealed the moulding box is ready for the introduction 1n 
the vacuum chamber. 

The vacuum chamber averall dimensions are just a little gr-eater than 
the moulding box~ from the vacuum chamber's cover to the vacuum current 
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fe£2dthr-ough we have ten aluminium tubes with vacuum tight at their ends. 
The working pressure of 5 _. 10 mbar is achievied with a mechanical 

vaCLlum pump. The coils are rleated at 70 - 80 OC~ wit.h a sLlppl'!-' ct.lrr-ent 
of 50 - 100 A. We perform a continuDLls monitoring of the temperatLlre in 
ten di.fferent coils'positions during all impregnation phases. Data ';I'"e 

printed at time i ntervals of 5 - 10 minutes . 
At the same time the procedure for the mixing begins following th i s 

scheme : 
- Heat.i ng at 60 Oc Q·f the separatecl components 

C;,l.reful and rep eated blending of the components until their densi
ty become homogeneous 
Mi:-: ing of the two components 
Deaerating under vacuum of the resin. 

The r-esi n read).' for i mpregnat i on is conted ned in CI.n heated 
with four valves~ and with a ver¥ low filling rate~ put on 
coils~ under vacuum . 

The total weight of the resin introduced is about 15 Kg. 

c h amber 
the hot 

The vacuum chamber is maintained in vibration during the injec tion 
procedure and moreafter. 

Following this statements put on place during prototypes construc
tion we have had goad results from both functlonal and aesthetical 
points of view . Some of the mentioned operations are shown in fig. 1~. 

6) THERMAL PROTECTION 

Th~ magnet thernlal protection has to be very well designed~ cur 
experience teaches us that it is better to have two or three indipendent 
safety systems. So we have considered needful a double i ndipendent 
thermal protection syst8m for the trim-coils. The first, is a particular 
control circuit ~ i n the power supply~ which reads the coils" resistance 
and swi tches off the Dower SUlJol. y for overtemoeratLlre . 

The second one is compos~.d · of 120 t.hermometers~ stuck on the hot 
soot of the coils. Th e ir signals a~e monito~ed and p~ocessed in a parti
cula~ unit which provides : 

The~mometer s upp ly 
Signal linearisation and conversion to OC 
Fower supolies switching off for coils' overtemDerature 
Local and remote reading of the coils" tempe~atLlre 

A very rE:,li,3.ble control of the water flow~ was taken in aCCOLlnt but 
considered too much expensive for the high number of flow switches 
involved. 

7) POWER SUPPLY - COILS CONNECTIONS 

To 
oUtPLlt 
sLlpDI Y 

supply the trim coils WE' need at last. 28 power £.upplyp their 
characte~ist ics are rated at the coils' size. Another Dower 
is foreseen for the trim coil "iero f

' on the central pl ug of the 

.machine . -- 3 
The cu~rent stability on the order of 1u of full scale, a good 

efficiency far all the lo~d conditions, low voltage ~ippler low conducted 
and radiated noise and very little dimensions .... ~e the most impor tant. 
reqLtirements of ou~ specifi c .... tions. 

The power supplies manifactu~ed by Elind Co. (MI) .are grouped for 6 
in 5 cubicles 1 mt dephtr 2 mt large and 2 . 2 mt high. The regulating 
Llnit of each power suppl':o-', CQl.n be easily e :< tracted fr·om the cabinet as a 
plug on wheels for maintenance or repairing. In the cubicle take place 
also the loca.l modLlle of the compLlter control system for the six power 
suppli~s, this allows the remote cont~ol of the power supply and diagno
sis of failure . 

The electrical connections t among the coils on the uppel'"· and lower 
magnet pole caps are achieved with a multi layers copper bars system . 
Several months have been necessary fo~ the interconnecting system design 
and to find a company able to manif~cture it. 
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FIG. 12 - Trim coils moulding. 

The interconnecting system was made by VEL Electric System Co. 
(MI). The figs. 13, 14· pictL\re~ show a power supplies' cabinet and the 
interconnecting sy~tem under con~tructian. 
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FIG. 13 - Trim coils power supplies . 

FIG. 14 - Trim coils interconnecting system under construction. 
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8) CONCLUSIONS 

We c~n Sd¥ that the troubles in the trim 
construction are overcome. 

In the next months trim coi15~ work will be 

coi 1 s" assembling 

campI eted by: 
- Impregnation of the trim coils on the upper hills 
- Assembling of the trim coils on the magnet 
- Assembling of the interconnecting systems on the magnet 

Set up of the power suppl i BS 

Olnd 

Authors are persuaded that the improved know how of the staff~ with 
the canstrLlction and alDsembling of the trim coils is very important for
the staff itself and, in the future, for the construction of epoxy 
impregnated magnets. 
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