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SECTION 4

MAGNET AND ASSOCTATED SYSTEHS

TSNS
i i ated by nomina

i £ eight sections (octants) separ 1o
. e Ev.o h octant centains

The Mwwwmmgmm.m.mﬁ.mwmwd mwodwosmNMv The magnet yoke of eac Mnm-w

i 3 are
e : : ; description of the sectors ori8
fleld 10 desi, information and a : ; «
42 mocgum..umw“% Hmvm.«wwum of the foundations for the magnet ring are als o |
mpu.ommwu m.M.WW|w. .m et
published{>/.
4.1. Sector Testin ;

e

be shown that azimuthal variations of the W:H&m H,m_.wwmmw wmwowwmu to
¢ W Mwsu..s the radial position of the proton closed oudw.n Ew.« e MMO <Humm‘.._..m.m..wwoﬁ,w
Mwwwmwwompz?mwmi to a loss of radial aperture; e.g. a first harmo;
18

f By with amplitude B 4 leads to a loss of radial aperture of s
0 Z A 2z = o
1 inch. wN HO\_ o

Each magnet sector was therefore compared with a reference sector on Hmomwﬁw.._w

from the manufacturers to determine the following characteristics:— ; w
b6 e o remenent, Fieia o .b,,_._.
(1i) Relative values of field produced by current in the energising oou.“_..m”:uc

at values of field in the gap varying from 200 to 14,000 gauss 200 Of
ST 00 e
T:C.v Eddy current effects. o0 o

The electronic measuring equipment(4), the model (see Fig. A.“_.Q.vu.ﬂ and its
Power supply have been described mwmméﬁmuwmm - The measurement programme

about sixteen months.

4.1.1.Results of Tests
—=2U_ts or Tests

Variations in the valu

e of the remanent field and hence the valu

8% low pulsed fields were the most noticeable. Fig. 4.1(ii) shows the
dwo.wwawsmﬁ field plotted against the order in which the secto:
W 18 very noticeable that early sectors had a very much hi
UP t0 24 gauss) than later sectors. This was due to the f
wmmww&wo o manufacture the whole quantity of steel in o
i ._Em °ly. The steel which had been annealed early

e high Teémanence .and was bresent in sectors up t
<wﬂmﬁwnm5~mﬂmmmﬁ variation in relative field at low
& bang g S in remanent field values. This is

ontaining the result of plotti

* Tield and 10w field
A



An attempt to measure eddy current effects was made using a satura
to vary m.w\ne at 200 gauss. No variations in relative field outside th
accuracy were found for the two rates of rise.

.wu..Smu Ow_omnm
€ measuremgn;

The relative variation of gap field at 10 kilogauss is shown in Fig, A.Hﬁi
and that for 14 kilogauss in Fig. 4.1(v). There was only slight correlation
between gap field and sector weight (i.e. magnet cross-section or flux mgmﬁ%v
14 kilogauss. Polepieces on the test model with larger radial extent would have
been an advantage in showing up high field permeability effects.

at

i SR

4.1.2,Distribution of Sectors Around Magnet

In order to prevent delay in placing sectors in correct positions on the
monolith, allocation of sector positions as a result of the tests were made
continuously as testing proceeded. End-of-octant sectors were chosen as those
with good high field results and large weight since the end sectors were required
to carry more fringe flux at high fields. Sectors were also required here with
good mechanical shape i.e. constant width with radius along the gap. Eight sectors
with similar properties at low fields were then allocated the same relative
positions in each octant. Batches of eight sectors were then continuously allocated
in such a way as to keep the total relative field in each octant and with equal
distribution within a quarter of each octant. As described above the largest
variation was at 300 gauss but a similar check on total field was kept at 600
10,000 and 14,000 gauss. As an added insurance, at high fields the total weight

per ootant was equalised. The difference in remanent field for the different
dB/dt values was also equalised.

’

The results of this exercise wer
the average error per octant st
measurement (a few parts in 104)
hundredweight or about 0.1%;
hundredweight.

e gratifying. At 300, 10,000 and 14,000 gauss
adjusted to be lower than the accuracy of

The total variation in octant weight was 12
individual sectors varied by as much as 4

Fig. 4.1(i) Magnet model IV used for sector COmparig
on,

'%~ 1,
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Fig. 4.1(iv) Variations in gap field at 10 kilogauss.
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4.2, Yain Colds ey

During the early par

nd conductors, an
Mwwmpnwum was completed.

t of 1962 the installation of the longitudi

4 all the steel work connected with the octant and

mpi of the longitudinal conductors and end conductors 18 m.n.w
Emgmowwswwwmdmmm pressurised to 25 Hd\wsm. Three narrow bags mdﬂodow i
of the throat longitudinal conductors, and are placed ,co.mimms the upper
sets of conductors. These bags clamp the conductors against the lower
faces of the coil aperture. Two wide bags in ».Hosa.ow the conductoxr
conductors back into the throat of the magnet. A similar arrangemen

the 1lip conductors.

[}
Three narrow bags clamr

The end conductors are held by air bags also.
hem in a horizo:

conductors in a vertical direction, and one wide bag clamps t
direction.

To allow for coil movement (and end conductors) due to temperatur
e.g. when the coil cooling water drops below a pre-determined figure,
jacks used as stops could be operated to allow the end conductors to
after the vertical air bags had been evacuated.

A good deal of trouble was experienced in the operation of the jac
leaks, sticking rams etc., and the jacks have now been replaced by solid pa c0] i
wwowﬁ.m.éw.wo_uomscmamwmmmmasmzﬁmwwwsﬁmbHmpﬁ._.u..mm.. b

During the early stages of the pulsing various movements of
where measured. The maximum amount of movement observed was at -

MM@MM waoosmzo#ouws‘w?umdmmowwcu.mm_umm.msswsmwmso<oamﬁ&
ou, A

Sana & ,,,‘r.. P
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polepieces are designed from the basic

ideag deta

ileq j N
able 'fins' are used at the radial edges of the °d in 0-020 IN. THICK LAMINATIO
reduce the total flux to be carried by the magnet
n was chosen to save about 5% tota]

Sectorg
flux at Peak fielq, %

in of useful field at injection and 14 in at Peak fig1q

(NOTCHED)
h low and high fields.

iction of the poles, ‘the shape of the
was changed somewhat. The 'inner! lamin de with

the 'outer' lamination except for the worki i

attain a pole with an effective fin corresponding to an VP o about
0 of the amount of steel in a fi

Since the flux in the fin when
to about #mou matching of the saturat
an £~ 0,25 in the Crenellated region
Or an uncorrected DPole are shown
+020 in thick 4% silicon steel;

ion effects due to an
of the correction
in Fig. 4.3(ii)). The
the outer was .030 in thick

0-030 IN. THICK _.b,—,\__zb,.ﬂ._navuﬂm_uv
h field owu&modwos shims were designed with the aid of gy mmﬁmmmﬁczzo._-
L1-scale (5 models. The basic method of correction is

eight of the shim on

the inmer hidden lamination is |

B AE/5,), | being the field in the saturating
_in the magnet gap, Simple shim theory is used to

* ot be made (above about ION
A ims and ﬁaﬁoﬁou in n as field 0O-030 IN. THICK z_.%.ﬂn_.\ﬂ.m.og
On8 With shims of different height are therefore DEEP RECESS n
£ kilogauss, this lamination starts :
nt £ value (~0.32) and gives a i
amination, This gives correction e
begins to saturate giving a ’
he deep recessed lamination. ;
S are additive. The necessary
the different types of lamination.
igh fields; for this reason there
OP recessed laminations as described
% on the design of the polepieces

erent £ valyue
umbers of
red at h
d

The field shapes. i i

ured on Model V are m”oﬂMo@u |

. 4 It can be |
4.3(iv) e

e e e e i e R 2

0-030 IN. THICK LAM
SHALLOW RECESS (UN

)les were designed. ;
fferent ratios ©
these poles a8
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DISTANCE FROM FRONT EDGE OF POLEPIECE (INCHES)

Fig. 4.3(ii) n values for uncorrected pole.
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: or the main poles measured during the “z“._._.ﬁ.on magneti

The .?&M M_wmwmw Msoss in Fig.4.3(vii), 4.3(viii) and 4.3(ix), aummo,..wwm@ £
(see mao.ﬁo“_pmm.m is greater correction than on Model V. auv.m is most pTo ably
Low Eof.wm nce in energising coil configurations and the mpwwwuosmm in @me Y
s gifrer? als around the coils in the two cases. At high fields, .nbom.ui

o
X KILOGAUSS S . f
..w KiSooAuss ot a&mwwwww%wmwmnawm petween Model V and the Nimrod magnet. These are wu.odmw.; e
. Kecies thers hich is onl, sectors long- ¥ PRRs Y ¢
v KILOGAUSS due to end offects of Model V whic vy 7 24
X Koechlss ”
4 Manufacture
] g i f polepieces which are
¢ - 1 A e
h of the 336 magnet sectors is fitted with a pair of polepl v are
mﬁmwmg between the inmer and outer vacuum vessels and mc.vwoi... the thin am.H_.,.
wm the outer vessel against atmospheric pressure. Special polepieces mu.n.m E.mmm ﬂ.vb
¢ hieve the required magnetic field distribution

the end sectors owmmowoo.wmbddomo . . . . ..
in the straight sections. The assembled main polepiece 18 approximately 48 in Homm

6 in deep and 135 in wide and is built up ?os%ﬁoﬁsﬂ&wﬁoHmawbmioum
(0,020 in and 0.030 in thick) with a 4 in thick guard or reinforcing plate on each
side of the stack of laminations. It weighs about 800 1b. Each lamination is
insulated from its neighbours, the insulation being a 0.002 in layer of epoxy resin
adhesive, bonding the whole assembly solidly together. These glued joints resist

the disruptive magnetic forces.

The guard plates are of a low silicon electrical quality steel identical to
that used for the magnet sectors. The thin (0.020 in) laminations are a high
quality transformer steel, about 3.5% silicon, with high permeability at low flux
densities, whereas the thick (0.030 in) laminations are a low silicon steel with
high permeability at high flux densities.

y The polepieces are assembled with alternate thick and thin laminations
waom 2 thick, 1 thin, 2 thick, 1 thin, etc. It was necessary to hold all the
”memawmp in stock so that complete "shuffling" could take place prior to -
smumrmuf to ensure a uniformity of magnetic properties in all polepieces °
wmmw M%ons.own in "matched" pairs. In addition, the laminations had t
smuoaa.mm in such a way that effects of taper and "crowning'" of th ¢

| % u.sﬂswmmm.msm rswmowaw«% of thickness of assembled poles frecm

€ production run were maintained.

awscﬁwwms@.wmawou million or so laminations had to be produced
not 6o w tolerances and variation of profile from lamina
to maw.pww 0.004 in., The laminations have a network of ho
shear ¢ e the required magnetic field. The general p
blank vw Mguﬁw size, pierce the holes, deburr, de,
the mmmoﬂdwwmo deburr, inspect, degrease and pr
Were asg du: some very massive and rigid asseml
S o% led, prior to glueing, in a sp
5 Plate was first laid in the jii
*yer of mbtomuaow etc., all in a x




very carefully controlled ang Consigte
ARy a
4% hourg of

and

,wmmomumw:wwwowowsw&ommcuuwcmw
on the guard plates was completed on
ected to an exhaustive range of insulati
‘passed final inspection poles were bs)
L transport box, and transported to Nimrog

esin,
a E.Eﬁ_w

on,
acked )

ding the very extensive development Deriod
stablished and final profile shapes Were workeq
erimental wowomv occupied a period of 24 months,

es with the manufacturers and an elaborate
ong were produced to cover each stage of
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Fig. 4.4.1(i) Flux densities in straight section box,

FRONT COIL
SHIELDING

4.4, Straight Sections

gesign of the straight sections and oSmﬁ.%mm_ the ammnoﬁo fields
HsHMmeH be taken to be two—dimensional. The design had to ensure:
can no
i That the field in the straight section would be reduced to such a
() value that it would not have too much effect on secondaTy beams
scattered from a target near a straight section
ermeability of

i t 1d not decrease the p
That the field from the magnet wou e L

the ferrite in the r.f. accelerating cavity and that th

not distort the magnet field shape

A.Hw.pv That the effective length of the octants would be a s near to the
theoretical length as possible at all field levels

s would be reasonably correct.

(1)

?i That the field shape at all field level

The three main components of the straight sections are straight section )
boxes, coil shielding and end pole-pieces. The following designs were mm.wm.ﬁ.vwwm_uma.
using Model 111(8) and Model v1(11). Model VI had the same coil configuration as

the main Nimrod magnet.

4.4.1, Straight Section Boxes

There was some distinction between the long (14 f£t) and short (11 de straights.
The design of the long straight boxes was dictated mainly by the requirements of the
r.f. cavity; the inflector box was the main influence on the short straights. To
provide good shielding of the straights mild steel boxes were chosen and the
thickness of material required on the faces of the boxes was determined on Model IIT.
Measurements of field gradients in the boxes showed that there was 1little difference
in the field shape for the short and long straight cases. The flux densities
ammmcumm on Model VI with a dummy r.f. cavity box with 2 in thick faces are shown
in Fig. 4.4.1 (i). In order to get scattered particles from internal targets as
near as possible to the forward direction, the outside edges of the working ends

oH., some of the boxes were cut back, the steel being replaced as shown in
Fig. 4.4.1 (ii).

4.4.2. Coil Shielding

The coil shieldi i ingi
ng is arranged to cut down the fringing flux fr A i
- : i S T om the mai
swmwwﬁ Mo.ww and is shown in Figs. 4.4.1 (ii) and 4.4.2 (i). The flux a.oﬂm“._..ﬂ.ow
red in Model VI are also shown on Fig. 4.4.2 A“._.v. o

4.4.3, End Polepieces

End polepieces were designed using Model III and Model VI.

Model IIT
wwwwongmﬁwwwm made to ensure that the effective length of the ol

Measurements on

ctan ul
Yy correct and that it would not vary with field HQEH.« .M.Hvumﬁ.rw ,Mo
. ed -

all octants are th
i e same length, an error in effective
ooHWMMwMWmV. A pole which was tapered azimuthally amm“_.ﬂﬂmm.w” Mnn.v ol u.bawo,.m
Shape op muw taper into the second polepiece would be required., ;
e mgmwemm used on Model VI. By suitably subtracting effects d
Predicteq Mw I, the effects on field shape of the ends of an e

. ese are shown in Table 4.4.3(I). octant were

¥ -




TABLE 4.4.3(1)

Effective error in average tn' due to octant end effects

( Mwmu.n ) Distance from outside of pole (inches)
kilogauss 5

16 18 20 28 30

10 .08 .13 .11 -.04 =13

12 il 17 A3 -.09 e

13 .15 .19 5 il sl

14 el .19 S A i

It can be seen that this gives an appreciable error in n in the operating
region. Some correction could be achieved by crenellating the end polepiece. A
sample was made from 4 in thick laminations with crenellations as shown in
Fig. 4.4.3(1) and measurements on Model III (see Table 4.4.3(II)) indicated that
it was worthwhile using crenellations on the end polepiece.

TABLE 4.4.3(II

Effective correction in average 'n' due to end polepiece crenellation

?»Mwmwmgv Distance from outside edge of polepiece (inches) o _A_r00>CmmM
16 18 20 26 28 30
8 .04 .02 .01 0 0 =01 18:9 KILOGAUSS
10 IR 01 -.02  -.03 103 KILOGAUSS |8
12 .05 .05 .03 =0 -.06 -.07 15:6 KILOGAUSS =
13 .05 .06 .03 — %) -.07 -.08 |
14 EEE 0l _03 -.07  -.10 31 KILOGAUSS

4.4.4,0verall n-correction

ug ﬂg the effects Predicted fro) 8 alrs of Mark I OH@M« 12 o
m 2 jof P
; MU U’ﬂ end Qmuoawm-

an overall average n-value for an octant Was
Thy i 3 ;
S »,Mowww:om obtained during the survey are shown if

Ve n SR i t
innex mwﬁ the inside radius at the end of an octd’

s on the end polepieces. This is pecause Fig. 4.4.2(i) Coil shielding.
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Fig. 4.4.3(i) End polepiece.
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£ield at this position is influenced mainly by the presen fid
o outer shim was predicted from model measurements. Tapped holes Wwer

ﬁ“ ond stainless steel plate of the end polepiece to enable correction I
arfixed a8 dictated by the magnet survey. One 4 in plate was found to be

necessarys as shown in Fig. 4.4.4 (iii) due to an overcorrection at the
u.m&nm. ewommsmam fitted fo

r the rest of the survey. There was still
overcorrection of the inside radius; this is not so important since particles
pave useful closed orbits at this radius. are i

in Fig. 4.6.9(1)-

as taken with the installation of straight se
constant conditions around the magnet ring.

The overall low field n-values

Care W
as possible,




t of Sectors and Polepieces

.p.mssmse of sectors and polepieces had to meet the fo3 |
o Hoswsm

WN..,.E:._EWH tilt of the polepieces must not exceed + 0 001
<001 g4

%ﬂwaswnwowzdws height between t ,
012 Wide band around the whole 150 £t dia. gimor. WMHMV.EE
lobes and steps betwsen adjacent octants ang : Hmitation,

sectors
ust be within 0.050 in of their corr
f the octants must be ¢
tWeen adjacent sectors.

ect radia

1 positi
orrect to within 0.050 -

in with g limitatioy

an wua. equipment wag mmmu..ms_m@ to ensure that the position of any
Y to within + 0.005 in. From the survey

uted, m_pm difference between computed
& error of int. ight
o e of each datum point. Heig

‘ Hmmoose. .‘
ﬂ in relation e L putation, the results giving

t the plan position of i i g
' to within o any one point is known to

002 in at a confidence level of 95%

ng atum screws an
< ely aligned.

d marks on the 336 magnets defining

Since the gap of the magnets

' machined and, for a1) muwoﬂoww purposes,

e inner dia., it was necessary to define and
the sectors which could be seen and

atlon became almost a production exercise

on to its characteristics in &

M to the floor reference o ,
Y spaced, were positione
Heights and tilts

pal sectors, when
For this a specisl
each sector

' i t. The inst ts and
s lay between limiting planes 0.02 in wumwﬂ.« T e
of a1l 336 sector capable of greater accuracy the larger D
d were > .;
aozuMMmE“MMEms.nm of the foundations.
dus

s concerne 1 t and wi N.‘ temporary gg tio
i i n as 3014 a ’
cerned W th EOHO@HmOQ m.HPW.BEmB : o ;

e to allow the magne tic survey to be OmH-H:PQm., @“ -m“& ugu :

4 wa :
A«MWQWMNWMm vacuum vessel in plac
wi

Tl sl it

i i the pol
stages were preparatory to the final task of aligning P!

1 ; . This final =
wwwuwwmmu vacuum vessels within the limits mMmW0mmMWMMonm%m a week) and
ide i 12 hours per day,
Hwﬂmﬁmﬁou took ten months (working The reference marks on the front of the

1963.
ted at the end of January ) e
sed as datums for polepiece posil Lor ) @ e
mmodoww Mmmm Mmaw principal sector and the remaining umwwm »Mwwﬁwmegm. H
WMMM aMH.m el L .M.W,moa MHMMHMMM MS@ M.Nwmmsms& gear was designed
ount of special 1lifting, ha mer
Mo;m“mmwmwwmawwwo? which was carried out under clean conditions.
or

was comple a pair of poles was

Heights

4.5.3. Results

The alignment achieved is shown in Fig. 4.5.3(i).

Table 4.5.3(I) relates
these results to the original specification. s

TABLE 4.5.3(1

Tilts. Radial and asimuthal.

50% of all poles within * .00l in

mO& " n n "
9 m* " " " "

Specified: * 0,001 in Achieved:

Plan Radial position.

Specifieds * 0,05 in  Achieved: all sectors within

all poles (in relation
sectors) within

All sectors lay on their correct radius within + O

4.5.4. Foundation Movement

and polepieces are correct to sectors within

—= 00 HloVement

The main reason for the poor results in hei
OUS Teasons it was not possible to com
°h forms part of the biological
O8ramme was more than one third
the monolith,

‘E.H.H



ng. Some dishing is also causeq bY the o )
o} .§5m

12

approximately 1°C are normal and prob
or datums when they are measured monthi
er of about ¥ 0.005 in in a random fas
the same amount and it is unreasonabl
1an this with the existing temperature

m..UHVn acco

un
%.. These 5
hion month by

e to ©Xpect
controlg,
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4.6 gmmw&.ﬂo Survey
Ve \\I\Il

The survey of Nimrod magne
Emmmcumamu.nm included

+ took place during the period April-A

The
(1)

1i) comparT:
?.L to examine the

n-values and median pl

ative measurements of flux density on the e
symmetry of the machine

_field at each gap between ad jacent octants.

quilibrium orbit H.mm.

?“:,v measurements of the end.

4 detailed report (4) of the measuring equipment has been published.

4.6.1. Pulsed Field Measurements

The quantities mentioned above are functions of the instantaneous fi
in the magnet gap and therefore, a continuous recording during the rising p
the field pulse was required. This recording had to be a two-channel one, wherT:
the magnet quantity of interest was recorded alongside an indication of the fie ]
level. Because the amount of data to be handled was large, it was decided t wi i
attempt to record it in the first instance in a form acceptable to a computer. .
A two_channel tape recorder was used, and the % in tape produced was compatible
with the IBM 7090 computer. The output from a search coil in a "standard p

other channel. The tape recorder sampled each search coil voltage alternat
a frequency of 10 WQ\m. Each sample was digitized into a ten-bit number
recorded in two write—cycles on the seven-tracks of the tape. The fo

per reading thus available were used: ten for the digitised readi

label to indicate the channel and the remaining three for parity-chec

The tape recorder was not of the fast-stop-start variety, v.
Mom.« of such a device was not justified. In order to record a r
ape was run up to speed (100 ws\mw run-up taking about H,mv

Subsequently the ta
: pes were fed to an IBM 7090 to
The search coil voltages on both channels needed -

mmmﬂmwwwmm Telated to magnet flux rather
S ww %umié in time of the samples (5
o ation could be achieved by
.08 computer, Multiplica

UL density on channel 1




initiating pulse and the magnet coming on, to
’

on the actual recordings in the two channels mm%wﬁwmw & zery, 4
. is g 0 | 2

6.5 gffective .
g a long coil of woénﬁw. 3

that record and printed out at th

ur-figure identit i e end. Proyvigs °TO wag ﬁ fective length was measured by placin curately
ord, before sampled Wowwwmwmowwwm be written mcdosMMWMMHsmm | @m@MMHMMmﬁMM Ro line at the end of the octants. .H_wwm coil started mh .n.&
Bt or tho rocora swwmmopdmn. The Emsﬂd; 2t , e swﬁ.m machine symmetTy measurements left off, i.e. 4z mmo.«mum from the o g»&
purious bits which could be inte ch thus nwmumoﬁoﬁummw bitg point s.m oxtended to the middle of the straight section. The coil was connected S
ties available were 40 mV up t faeied by the comput o , ey 2 sition to a flux coil in one of the standard machine positions and was
s e bs o 5_area as to exactly oppose the long coil when the effective H@&N%%

and 2, qu.bnm ..

. OM. wmuweww%nwwwdooﬂwwm be Hoomdwm either at dWM:MMB&quﬁﬂowan of such mxr._‘.zﬂs

i ) ering for unidirectional or dwawumwdfsa end the end 4z S€C g
io 2

P For remanent measurements, a trolley carrying a search coil was arranged to s
occupied previously by the long coil described above. This search

4 2 in at a time and at each position the coil was rotated through
The recording (on punched tape) was

ty at Ro over the length of travel of tohoRlE g

tors was equal to the geometric length.

follow the path

coil was indexe
180° and the fluxmeter readings recorded.

300 gauss, an an appreciabl i : 1
Emw.« owmmmn.«mmouwma.m arrangements were umommmw D.M.oﬁou of used to integrate the remanent.flux densi
resultant mum Mmm done by moving a search aowwﬁso.ﬂw 4 " e
m.f. i i e : =
n an optical servo .SGW flummeter,to 4.6.6. Median Plane

~ The fluxmeter readi
3 adings were r
B o ranor toro 4 ecorded b,
§ h
o Tl A ow which was processe In order to locate the median plane of a nearly uniform magnetic field, it is &b
saturating iy necessary to use a sensitive, direction—dependent, field-measuring device, which is
1d Bt e eer _uou. m.ﬁ.o.wm was used. For both capable of being orientated in the magnet gap with the position of its magnetic
Barct air oyiindons wo._n on.vam were located on paxolin axis known very accurately. For instance, in Nimrod, with an n of, 0.6+ it cantbelus
£ wwmbumldﬁvo mb..u.l@u.?m«. o.wm..nwos of the coils was achieved, shown that the curvature of the field lines in the gap is about 1000 in. To : ..u.mda
S actuators. The search coils were resolve a discrepancy of 0.1 in. between the geometric and magnetic median planes iz
arble dust loaded resin. gma..mwoao requires that the probe axis be angularly positioned better than { I R
mww ws 1,000, = 20 seconds. If dWQIMmHaHomH component of the field is B,, the 0.1 whw :
acmm mwmwmm Mmmﬁdm in a owmzma 10 B, in the horizontal fieldj ..ﬁn._mw the probe
O measure. i i i ¥ a
o ey T ince remanent field is about 10 gauss, 10"~ gauss must
Position measurements were mad i ;
e optically. A i i s
e T Mm. the probe carrier so that altering Mbo MSOWWSU.WHMW@MM. MMM&WHMWmMPMMMM MwM.EW :
BT wm msﬂ.w 3 sector (about 40 in) ﬁpawou about a horizontal axis. By obtaining an auto-collimati ffe e
i MW<H|HVMPH was arranged to be omwammmwm with a gauss eyepiece, when the cross wires and emeMdWw‘MHHwo.n@ |
2 ered. 2 i i | o
e e e The n measurements were ident, the mirror was perpendicular to the axis of the telescope R

SR

ield in the magnet was about 8 gauss,

asur
ed with an opposed coil-pair, sensitive to

teles S :
amaﬁmwuuoww.mﬁo:www levelled the mirror would be in a vertical plane &
R have some definite orientation relative to the vertic =

automatically levelled instrument u..noou.wou.m.awum a ..m. )

€quipment
L proved ] i
achieved with @mwmwm,cumu robust and quick to use. Resolution of

> b mww. measurements were again
- tleld measurements a coil was placed F
ol L e il was I luxgate m 5
oo¢MmMMmeHHo%w opposition with WeTo) 6 i vy H@MM.M&MMM&MHHBHOdmm.EWHm used mw measure the
e ne I ne. The computer program a 3-sector ok o ere sensitive to 10 aUSS .
o WW in flux density at the i oLl with;enturnseazcalic g SN
furacy correct to 0.001%.

m resultant flux
ents were made only iB
R g Yo

as of radial field 5 {

of main vertical field. .

ate s e ,DV



urements

horizontally in the end of ap octant ap
ection box, readings were ta

d h
Ken of the gy oiiWay

G 12— AVERAGE n AT
that thero are no errory in the magnetic ¢ ield shape Which 300 GAUSS
tion with the available poleface windings ang theip

‘wﬁaﬁ—oe»ou of field and radius is of prime

importance in
le. The average

value of n

for various fielg levels is

2000 GAUSS

ed %o obtain a comparison of the octant strengths.
the octants only in pairs, since the initial
he same for a1l o Also it is difficult
es by 180° octant to octant, and correcting
£ 1ig. 4.6.10(1) show the relative levels
~ They are £icld levels in the hard-edged
Bo 7/4) calcwlated to give the same line-
octant, including its end-effects. The o
ference field for ecach pair of ooéwm. ¥
ar 0 0.1% (or better) in nearly al 2
d decreases by about 0.7% at hig
f the end-field decreasing.

TN

and expressed as the uom.ns
tric median plane at any
0Sen 8o that an upward
" a positive value
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Fig. 4.6.11(ii) Magnetic

median surface at 15, 000 gauss.
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Fig. 4.6.12(i) Radial fringe field.
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Fig. 4.6.12(iv) Field round end of octant at 300 gauss.
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Fig. 4.6.12(iii) Fringe field into straight section,




to be due .«o, a dmaboﬂmawfv mild steel )

in was found !
d during installation of the back return win

in were found to be due to the use of silver
5 steel for someé 5 B.A. by & in screws in some of the pole
aneous objects have since been removed.

gtal
The 6XtT

Miscellaneous Results

and 4.6.12(ii) represent the fall-off of field alo
the azimuth of Mark I and Mark II polepieces Ao.<‘av ]

4.6.124
Emm.».m.pmg

from the magnet, in R
Fig- 4.6.12(1) they are sO similar that only Mark I is shown). The dif:
probably more due to the fact that Mark II polepieces are si

due to differences between the polepieces.

fall-off are
the ends of the octants than

Fig. 4.6.12(ii1) shows the fall-off in field on Ro &t the end of an o
in the straight section.

Mapping of the field in the region of an octant—end and straight se
peen done at various field levels; for jllustration Figs. 4.6.12(iv)and 4
show the maps at 300 and 15000 gauss respectively. JE




nd hence the proton energy of Nimrod for varying

EE STleal@s
S 1 ,u ay
ey .Akﬁommﬁmmv (GeV)
e A
il 5.6 2.4
T.4 3.4
9.3 4.4
10.7 G
121 5.9
13.4 6.7
14.6 o3
556 7.9
(16.4)° (8.3)"

+ estimated values

1d than predicted in (1) due to the shaping
steel in crucial areas of the yoke

lates' carry appreciable flux at high fields
' (Fig. 4.7.1(ii)). They also lead to a

e to eddy currents, CV.SV..
the control of flat-top sloPe
ransient depression

4.7.2(i), the mmuqm
n the magnet. e :
WM mMMM of the eff ot
foct. Fig. 41-2

— -

W 10%N WIDE §\

S4IN \

36 IN

R




FLAT TOP

CURRENT CURRENT RISE

Y
I INcH (NEAREST secToR)

™ o Fig. 4.7.2(i) Transient at flat-top.




e must be 2 redistribution of flux in the magnet.
the .
jeld depression azimuthally
=mmm¢uosﬂwwmwwwcw shown in Fig. 4.7.2(iii) showi
s of octants at the transition from dB s
This was the cause of the constant depression of
xplain the large depression in current ﬁ.n high pe
e nts at the octant ends are due to fringe flux o:,,w.nvsm. the W n
o 4 also a 2 in thick plate which was part of the ¢

The eddy © tors an
tos of the end SeCTOTs e isolated, gets !
wwmmpm. g structure. This plate,which is thermally somewhat isolated, & g

put did not e

i 1t effect was found to be due to the build up plates (Sect?

A H_W,_wm WMMWGMMMMM% of the field just outside these showed a mBm.ﬁ_..<w“.Eo un

s.wm.m»u field reached about 10.5 kilogauss swo«._ there smm.w very Hmw“_.m.» uhn ease. 2

mhis effect had also been found on Model IV; Fig. huq.u?wv _gives measurements

of flux density in the build up plates versus gap field. Air gaps &a,.wiom,.n.u w«ﬁ@
until the sector starts to saturate,

and the sector act as an impedance to flux T
den increase of flux. Since the plates are laminated

when there is a sud 2
perpendicularly to the flux direction there are large eddy current effects.
from equation S.V. since the total flux must remain at the correct value,
eddy currents die away on going from current rise to flat-top, less curr 2
required to maintain the flux and the current drops in the main magnet coils.
Although the amount of eddy current power is quite considerable, no rise in

temperature of the build up plates was detected.

500

490

Some correction for the depression in field will be Hm.ﬁﬁ.dmn.

4.7.3. Transient Effects

The voltage from the power supply has a fast switch on rise t o

470

480
AZMUTH WITHIN OCTANT (ARBITRARY)

p besit

ho

M_m_o E,odu % wm desmHmimgdWmBm.mzw&nso«oaﬁwmﬁb&mmmmwo

mwmosmmom w . The ring in magnet voltage due to this transie

Ewmmww.q.w?v for two adjacent octants, forming a symmetrical
e. :

460

By differentiating equati i a i
s f quation 20 in (13) and since V = N
uw”.._wﬂ“owo.:omy voltage transient is obtained. The theore
‘or one octant are shown in Fig. 4.7.3(ii). The

M“nwoﬂ._wwusm that the transient effects at =
omaHEEc mrwuﬁ compared with the rise time
i ation is such that it will not be

&ge waveform used to produce the

Fig. 4.7.2(iii) Variation of field within an octant at the beginning of flat -top.




TABLE 4.7.4(I

Movements of magnet. (0.001 in).

VOLTAGE ACROSS
Type of Magnet Sector Number. 2 MAGNET
movement component. 42 41 40 39 38 37
CIRCUMFERENTIAL SECTOR, TOP A +10 +8 4+ 4]
MOVEMENT FRONT +12 +8 R

P/P, UPPER (REAR I 24 R - +o
(+VE INTO SECTOR, BOTTOM #1005 HH6.50 44 42 41 g
STRAIGHT SECTION) P/P,LOWER +10.5  +6.5 +4 43 40 4 VOLTAGE ACROSS

= OCTANT 4

RADIAL SECTOR, TOP +3.5 43 +31 B3 o
MOVEMENT P/P, UPPER +3 H2:50 S 425D ] 5 el
~+§ WHEN OUTWARDS SECTOR, BOTTOM +1.5 +.5 0 (0] +.5 41
DURING PULSE) P/P, LOWER 0 0 # . 0 +.590
CLOSURE OF SECTOR, TOP A +5 +104 810 411 41l 410 L 1ms ,.?
THROAT FRONT +7 +11  +12 412 +11 +12

P/P
(UPPER POSITION: /2, UBFRR (ppyn +3 c ol R ER

+VE DOWNWARDS) SECTOR, BOTTOM 0 0 0 o 0 0

P/P, LOWER 0 0 @ @ 0 0

(LowER 3mHeHw=_
+VE UPWARDS
VOLTAGE ACROSS

12 MAGNET

The movements recorded are all tolerable.

<«+—VYOLTAGE ACROSS
OCTANT S

Fig. 4.7, 3(1) Voltage transients at the beginning of current rise,




4.8. Pole Face Windings
.8.
The dispositions of

.8(1) which also s ;
; ( ) tusted in equal numbers on the inside an

the windings with respect to the
hows the function of each individual conductor.
Emm»smm are si d the outside of the
win :
aperture. -

rough one pair of conductors (top

sider a current +I to be passing th ;
L at the median plane is given by

pottom): then the field gradient produced
(see Fig. 4.8(ii)):-
ai w2 I sech® _wx gauss/cm
= - 2 2g
10g

= 0.0129 I sech? |mm gauss/in
g

This assumes an infinite permeability for the iro
the windings and the poleface. ;

For a current sheet top and bottom,
27wl
10g
0.09 I gauss/in (I in A/in)
Thus, at a field of 14,000 i = {
ks o».“ e A.m. o.&mmsmm0 with Ry = 740 in, “_.o,ow

For current sheets in the opposite direction, there i

net radial i .
s al component is produced which alters the level of The

4.8.1.

Overall Adjustment of n and the Median Plan

the owwmo the field has exceeded about 2000
S uit those conductors in the gﬁuﬁ@.« 4
Tegion., Because of the i Fm y s




The e.m.f. induced in the sgmymm 1
ed by Jjug, A8
5 &1y, ;
s S Sign, as’ ghop o "ith
‘peak value of about 10 V per umwuowooﬁmﬁm in

R
DATUM
FACE V

]

IN {3
905 IN

nts are made with the 3.2 kW set, injecting o

upper and lower layers. One set supplies dwovwmmwdﬂw
S DPairg

2
3

LOW FIELD APERTURE
|
s%
N
63
=763

AT

i 6\\\\06':!4 ¢ 6/l /
|Ja2
i,

k

feed the whole magnet, the arran ement ;
Considerations of w<mmwm3m wos% and <MM&MMM“mM“wm=m uﬂum
ing field have led to a compromise arrangement ewwwm.coaﬂs.
erture as wag _powmw.H L
t, these

3
3
IN

l»B
|
93

L

3
134 IN

T

%Lz% IN

25 acts as the return conductor for 2
» and 4 performs
,.Euomo equal and opposite currents provide approximately
to the w,»o“_b shape. Since conductor 25 lies at the outside
ings have been placed in separate circuits

. ! e in this region may be corrected. The
berefore as shown in Fig. 4.8.2(ii).
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L
quirements for the windings at the inside and outside of
these windings have been placed in separate circuits
8 the disadvantage that the same current must
‘time but the indications are that this lack of
awback, as the field shape at high fields is
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W
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4,8, 1(1) Switching of conductors.

aH’(

Rl
80V
40A

onductors (detailed) 4. 8.2(i) Connections for aperture cor:




and coated with polythene. o

?wv Laminate - outer skins top and bottom, 0.006 in glass clo
Main core glass mat — pre-impregnated.
Resin system: Araldite MY 470 - 100 parts by weight
Methyl Nadic Anhydride - 80 parts by weight
Ciba 33/1266 - 3 parts by weight
(Cure temperature 100°C + 10°C for a minimum of 2 hours

o3

OUTSIDE
APERTURE

phosphor bronze, silver b:
with a polythene sleeve

(1ii) Conductor End Terminations -
impact adhesive polythe:r

ends of the windings, insulated
wrapped with a pressure sensitive

tape.

The windings were carefully laid up on an approximately 50 £t 1ong
bed with the appropriate radius of curvature and cured on this bed. Aft
ends of the conductors had been shaped and vacuum tests performed, 3
were transported in pairs to the Laboratory.
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he form shown in Fig. 4.9.1(i),

of octants 5 and 6, and a voltage Vi = KB

1 is M:.wmmwmaon‘
to produce

oped across the mangan s is fed
amplifier and the polarities of the inputs are
from the differential amplifier is G(Vy - vy),
er. The voltage Q?u - <mv is the control signal
e the current through S is a function of B, to an

begrator is given in Fig. 4.9.2(1i). Three
'S are used, the amplifiers being Philbrick
orted at the end of each pulse by a

the end of t

he magnet current timing pulse.
mmissioned.

aCh power supply. A schematic

Or i8 a 10 point device which 2
°ld and converts to a voltage whid
cified function of the field. All

POWER SUPPLIES

FUNCTION

ENERATOR

4.9, 1(i) Control system for pole face windings.
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Fig. 4.9.3(i) Function generator.
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.2 Kilowatt Su lies :

n designed commercially to oﬁﬁ»swm mMaMM.M&
their output current servo controlled d% a demand M”a i 4
o2k «_m<m enerator. Basically, the required <mu.“._.m..nwo= of ocHM et &
mEM«WMwmm?mwsm a varying mark to space ratio with ooﬁMHOHWMH.«MW lm \nto,u.wi :
b iti ils) and feeding through a ork. Th
ve and negative rails) an 5 .
,cmgmms womw“ maw?mumamummﬂmdmwsm.wsmempwm@.emm&mﬂ.dwm dummy load indic

ts have :
Mmma they work satisfactorily.

4,945+

The three sets have bee

4.9.6. 15 Volt, 5 Amp Supply

ic diagram of the 15 V, 5 A, d.c. sets is given in Fig.4.9 oii
gmwwmwmwm%Wawwmmmmem ordinary bridge Hmoeuu.wu..m? fixed output <o“_.¢m®MW d S
with a series transistor which acts as an emitter follower to control e curr
through the load according to the demand signal F(B) from the function genera
The sets have been made and have all been tried out under actual working conc
i.e. they have been used in a complete control loop to drive current through the ;i
pole face windings when the main winding was being pulsed. These tests showed that
there is a large unbalanced e.m.f. of approximately 30 V peak to peak ,G.bo
ripple) induced in the pole face windings when the main winding is pulsed :
current.

It is possible to arrange that the 15 V, 5 A, sets are aided by the indu
em.f. during the part of the magnet cycle when they are in circuit. If, und
fault conditions, they remain in circuit for a complete cycle, the induc
reverses in sign, opposes the applied e.m.f. and can reverse the polar $.C
voltage across the transistors. Diode D1 has therefore been added to guard
against this and C3 has been added to cut down the ripple voltage seen by the
set. The L-C filter unit used previously showed a tendency t
of fast current rise or decay and has been replaced by the prese
Ry, and C;. In addition, an 0C28 is now used as the driving st e
of its ability to withstand reverse voltages. These modifications ]
completed and the sets are being installed. No other difficul ro 3
during testing and the modified sets are expected to oper s
especially since the maximum current required is about w A




for the Nimrod magnet consists of two 24-phase grig
ia multi-phase transformers, from two tandem coupled p,
sets (see Section 5 of this report). The recti

 voltage of approximately saw-tooth shape, of Asoswsmﬁ )
frequency varies over the period of a magnet pulse frop &
8, dependant on the slip frequency of the slip-ring auu..ﬁ.bm
tude of this ripple varies during the course of a pulse. D
und to have a maximum value of approximately 1200 v Peak to ummwm
the power plant). This was observed during commissioning e

d may ultimately be reduced. It was also observeg that,
the ripple voltage rose to about 3000 V peak to peak.
rectifier output contained a 100 ¢/s (nominal) component of about
amplitude. (This has since been reduced).

Ontre):
7 otor~
fier output

leg

uw#wgpo‘xoﬁmmmmos gw operation of the proton synchrotron
icant during B.m.«léouﬁ# . Under this condition the ripple
piral rate of the Dproton orbits, the degree of modulation being
tio of E to V-IR, where E is the peak ripple voltage, V the
d to the magnet during the flat top Period, and IR is the
16 magnet coil. For a flat-top duration of 0.5 s, V-IR has a value
or the whole magnet, hence the ripple voltages referred to above
modulation considerably greater than 100%; consequently,
filter is employed, it will be impossible to spiral the
It is estimated that it will be necessary to reduce
of 100 for satisfactory operation with a 0.5 s flat-top,

ducing the ripple flux in the magnet gap. The first
| ppl voltage at the magnet terminals by developing a

0 that from the rectifiers, across an inductor
.fiers and magnets. The second method is to place
the magnet pole-pieces and use this to produce a flux
LD lux in the useful region of the magnet gap.
n Nimrod to give the required reduction of

to as the "primary ripple filter", the
ple filter",

Fig.4.10.1(i). It consists of two
® magnet power supply. Each filter i
a transformer, the secondary of ¥

et coils. The input to the

om across éwm ends of the

lual ripple E- and the

f amplifier and output
y the rectifiers, the
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 may occur and to present the amplifier with a load that

s tha
umwwmmwﬂmw constant with frequency.
08

ii) shows on

Tig. ?Ho.iﬁv s
mmmg system is such tha t npl -
the m uator, to a differential amplifier giving a

e of the filters in greater detail.

4+ the input to the amplifier is floating. D'
single output o

i tten ,
is mmm.m.,\w_wwmmom%m difference between the voltages appearing at its two ubw.s,rx il
propo” WM The output is then fed into a para-phase amplifier to give two @6.5&. g
tom T e signale which are then further amplified by identical Class A amplif wwﬁmww ;
mﬂwpmwzmw drive to the output stages is through impedance Em.«owwsm.QW¢womm i
followers. The output stage consists of two water cooled power triodes operating
under Class B push-pull conditions. P

item in the system is the output transformer. This has to ....N

The major single
carry the peak magnet curren
saturation of the core. Under repetitive pulsing con
to the magnet current is 100 kW necessitating the use of o0il filled water cooled
transformers. In view of the very large polarising current carried by the
secondary winding, a large air gap and heavy conductors are required and no very
great subtlety could be employed in the winding arrangement to minimise leakage
reactances or winding capacitances to achieve a good high frequency response.

t of 10,500 A in its secondary winding without i
ditions the copper loss due :

An alternative arrangement is shown in Fig.4.10.1(i)(b). Here the original
output transformer is replaced by a choke, and an additional transformer is R
interposed between this and the amplifier. A blocking condenser between the choke
and transformer prevents any polarising current flowing in the secondary and Ha‘m&\
any a.c. voltages at pulse frequency, that may be impressed on the secondary &
%mEpzmHm. This should allow considerable improvement in design with oaﬁmwﬁﬂm&aﬁ:
improvement in band-width. g 3 Ttirnay

The difference in cost, weight and size of the transf 1 3

z ormer of Fi
ﬂwm choke of Fig.4.10.1(i)(b) did not appear to be significant and si
uawmwwmuaoa could equally satisfactorily be used as a choke by the om
: connections it was decided initially % ITTa
B 00 ally to proceed with the arr

The two amplifiers, whi i g
. s , which were built on the site, were
smu..“Ww.oo:<wH..«0H house towards the end of 1961. The m.m.Bm. nde:
i Hsowcmmm.ocgcd transformers, amplifier power supplies
ered and installed in the convertor house in the y

The magnet has been pulsed wi ;

. < ] ith the seconda:

oﬂ”m.m”w.n mwn no undesirable effects on th mHHﬂFe .

mmmoo”.pm&.n ests were carried out on the individ

T mE Power supplies and the Uouwouawsow.

E n easurements of the frequency response
ed out. These were rather poorer

«Homonwgom.m md &H.Oa.ﬁ@umou.oﬁ ° H u%wpwn

i »%xmf

Pl

The open loop perf

g




(-]
[ o (- o
em in which a fraction of the ripple Voltage appenm: w W ° m m
to the amplifier was also tried. Thig does not ¢ 3Ting S0, Q o o) = >
e no problem of stability ariseg, However, in gmauawmm q oY 2 i wm.s..m T o
g e shift is very critical and the Tesults wepg M Systen, aval
‘the original system. Again carefy i

&m the owwamm. in polarising current in the se Y winds
0t seem likely that a reduction factor of better than w.ﬁw:w.
e

hieve the required factor of ten or
angement shown in Fig.4.10.1(i)(b).
5T has been drawn up and e

..u:

dmedmuweswﬂ .aa nNecessay
A specification for g 7 ,
nquiries Tregarding its manufacture ﬁ

100,000

arises due to the fact that the 100 ¢

\m Tipple component jg
en hoped for. The original scheme did no

t provide for any

sufficient margin was allowed in

« A difficulty arises here {
wn to 100 c¢/s, then it will
tage which occur during pulsing,
However, the 100 c/s component

g flat-top and it should be
arrangement whereby the low

top period.

to the changes in magnet vol

Baturation of the amplifier,
0 be neglected except durin

the difficulty by a switching

)

000

ENCY (c /s

WITH NO DAMPING RESISTOR
3 LOW FREQUENCY RESPONSE EXCLUDING

INPUT BLOCKING CAPACITOR

OVERALL RESPONSE.

2 OUTPUT TRANSFORMER RESPONSE

10

ed to reduce the ripple field in the

® principle of the ripple correction network to be
© Search coil samples the field in the good

An amplifier drives a current through the
to oppose the field producing the search coil

CURVE |

,

1l have a mutual inductance M. Then & o
uce a voltage V = jwMI in the search coily
and increases with frequency. The
esponse may be corrected by the e - - =
SPonse of the form eout o L ©in °

e

R Jw

The whole

T
nstant CR, an amplifie
Fig.4.10.2(ii)).
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(1) Design Requizenonts o A
It is necessary: il

A“.L to have gufficient current available to
dings to buck the maximum ripple fie

drive through the correction
1d produced at all frequenc

win
(i1) to eliminate the effect of the d.c. step produced in both sl
correction and search windings. : g

(c) Mechanical Arrangement of Coils

The secondary ripple filter system will consist of four separate msm.; .Ua
amplifiers each one sampling the field in the gap of two octants and correct
ripple on these two octants. The octants will be paired as wouu.os.mm 1l and 25
3 and 43 5 and 6; 7 and 8, This gives a symme trical arrangement azimuthally.

There are two conductors close to each of the top and bottom main 1ip co (
and two conductors with cach of the top and bottom poleface winding return Amow "
Pig.4.10.2(1ii)). These may then be commected to form four correction loops per ;
octant. The co-axial cable embedded in the poleface winding laminate will be =l

used to provide the pick-up loop. : ‘xi
The method of interconnecting the conductors to form correction and search
windings is shown in Fig.4.10.2(iv).
seond

(d) Current Requirement

In order to calculate the current required in the correction windings to
out the ripple field it is necessary to estimate the coupling (k) between the ma
and correction windings. (Fig.4.10.2(v)). it

At a frequency i W % i
ow LRI -
2 A R

L S

< = —_—
1 EH.H HH GEHN . 88

v ...E.. .

Dl i 1 SH_N HN e
X Soukl

Assume that the balance condition is: B

O

A=




is open circuit,

= eH.H Hu.

ﬁ.»owu.‘dom.mms@mn.bogdwwogm mwswumwwwd%cozmwﬂmwgm
p NH and K, can ﬁmos be deduced.

i magnet was not available, coils were wound on magnet Model V
dings, and values of Ly and L, and M (and hence X; and K,)
t frequencies from 25 o\m to 120 wQ\m. From “these
parameters of Nimrod it is possible to estimate the
the expected ripple field.

shown in Table 4.10.2(I).

TABLE 4.10.2(T

Nimrod (one octant) Magnet Model V

42 8 (effectively)
4
160

CO-AXIAL CONDUCTORS

INNER POLEFACE POLEFACE WINDINGS
WINDING RETURNS AND

CORRECTION CONDUCTORS

a 00000 00

OUTER RIPPLE
CORRECTION CONDUCTORS

Fig. 4.10.2(iii) Mechanical arrangement of ripple coils,

CORRECTION CONDUCTORS

— ————CO-AXIAL CONDUCTORS

-====—===- INTER-CONNECTIONS
OCTANT

BACK UPPER

k]

He

o S




Sinces sl Q- Hmu 5

eww (== NWV Hw

(1-K2)Le o3 alaoi L, 0.724 Iy

and sz HHv NI

SECONDARY
Kele I/ Y2 ivr_ﬂ_mr .s the number of turns on Nimrod main coil

the current in Nimrod main coil

Zn is the number of turns on Nimrod correction coil

the current in Nimrod correction coil

,_..,e_ 2(v) Basic circuit for secondary ripple filter, Honoe: i =450 mA is obtained at 1135 c/s

Also since Vg wLy (2L = va 1

B 2 volts is obtained at 1135 c¢/s

(e) Back E.M.F!s.

An estimate of the size of the voltage V induced in one t
the correction windings due to the current rise and decay may b

v No. of correction turns
No. of main coil turns

X Voltage across or

/a2 vo

This gives 50 V compared with the measured value ox

(£) General Circuit

o e_pmozgcd memmmwmmozawouémoﬁnew
Ough the correction coils.

i Elimination of the ow..nmo.wm of the
Y current rise and decay

tep <o:mmm substan




the output stage and the servo system have been constructegq and
on magnet Model V to check the values of current Tequireq
d. The ripple field was produced by using an external

rarious frequencies of ripple at amplitudes within the

rod Magnet

Ty ripple filter as an external source, ripple was fed to the
easurements were made to check the calculations of the bucking
ous frequencies. At 1000 c/s, 0.420 A were required to
mpared with a computed value of 0.5 A. The discrepancy is
’ferences between Model V and the Nimrod magnet resulting
lengths, and variation in positions of the coils.

onse of the output stage was investigated using the Nimrod
search coils. Further investigations will be required.

0 c/s.

.m,,mw .,Ewo ripple on the Nimrod power supplies have shown

present at frequencies very much lower than those

4.11. Peaking Strips
.11. Peaking S2T7DS

The peaking strip and associated equipment determines the star

imar;
Mw..mu.mwﬁ%mmb passes through a pre-set value:

of the T ie

ivi i field :
-enerator by giving out a trigger pulse when the
e it is needed because the st

1d in the magnet is variable due to the remanent field.

The principle of the device depends on the fact that only a small field :

i i i in one
is required to alter the flux in mu-metal from saturation :
. . Since this reversal occurs at around ze:

to saturation in the other direction.

dir

field, it can be used as a null detector indicating when the Bmmu—m& HH@H,.B. €
equal to a reference field applied to it in the opposite direction.

The layout is shown in Fig. 4.11(i).

The bias solenoid produces a f
along its axis in the opposite direction to the magnet field in which it

D

A small piece of mu-metal wire is supported at the centre and when the rising m/a &
magnet field equals the solenoid field a flux change occurs in the wire which

generates a pulse in the pick-up coil wound on it.
primary frequency generator is derived from this pulse.

The bias solenoid has 20,000 turns of 30 s.w.g. enamelled coppe
The mu-metal wire is mhmr in long by 4

a field of 120 gauss with about 47 mA.

The signal to start the

ol
wire pri

in diameter and the pick-up coil has 3,000 turns of 50 s.w.g. enamelled coj

wire.
produced.

In a field changing at the rate of 10 kG/s the pulse shown

1E%

An overall long term stability in field of 1 part in 10,000 was

The system is made up of a number of components each of which
total variation and it is necessary to attempt to reduce each

H.umﬂé in 100,000, The two main parts are the bias current s
cilrcuitry.

4.11.1. Bias Current Source

- Fig.4.11.1(1) shows the basic circuit used to provide :
e bias solenoid. Factors causing variation were: "

(a) Series Resistor R {ad

ewwmsmmsmmmowsmh i ,
, ganin which has a temper
WM 100,000 per °C. The ambient tempera i

=% Was mounted in an aluminium block

Contact thermometer, ox mpls

(b)  Reference Poten:

contrib:
contr

A_T;

Sl

%0

Jrobt s




i ,m kept down to 1004V. Any current flowing through the

D MAGNET
R, or through R but not through the biag solenoig wm_ﬂ:—muz_wwmmn._-_oz FIELD DIR
causes error. At the minimum biag current of

't needs to be not more than 0.3 pA a 2

+C. peak to DPeak
PA a.c. to earth into any unscreened conductorg via

‘ , S
hat screening of every part of the solenoid circuit ig M_O>_|mZO_O/

by the Magnet Field

MU -METAL __|
lonal to the magnet supply voltage is induced in the bias WIRE
and an a.c. component, the latter having a fundamenta)
8. At these frequencies the capacitance of the cable
0 the stabiliser and the capacitance of the so

lenoid
er. The solenoid is in fact self-resonant at aroung _v_ﬂXIC_U/ 4 IN
1 ke/s it is sufficiently off the resonance. Th. effect colL :
ce is reduced by backing off the voltage in the solenoid with

xt to it connected in series opposition.

is needed to drive the mu-metal from saturation to |

ccurate enough just to use the output pulse without further ,
tion off one edge of the pulse was rejected because the | 3 —_—
rate of change of magnet field. The pulse is integrated
al to flux density in the mu-metal which is directly
A stable trigger circuit is operated when it reaches

- 014N

e——— 2 IN

mu-metal are destroyed by any permanent physical |

ry thin so the Pick-up coil is wound on a thin walled h v

) and the wire threaded down afterwards. The | ) 8 {9
i} copper foil and 1 thou. Micalex. The :

tail of 34 s.w.g. enamelled copper wire and

For protection this rather delicate

%o an o0.d. of 0.145 in.

enoid the dissipation is determined
esistance of copper and is reduced
as small as possible. This has
The wire is wound onto a

. The dimensions
‘placing the peaking mﬁmﬁ
es at half the gap field-

o 5



oo OF TOTAL SAMPLE
30r

WIDE BAND
D.C. AMPLIFIER
X 30,000
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SUMMING 56-0
RESISTORS
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POTENTIAL

30+




joined at the top but not at the bottom.

mmauwolowu.oaumw s

4.11.4. Progress

is not easy to prove that one has achieved a m.«m.uvw &E
Em.hwpu..ﬁb mwos.w two histograms of the time intervals between TWo
devices. Each histogram is the result of 100 oonmmoﬂa:o,u e
period of 2 min 20 s. Histogram (b) was taken 7 min after ﬁm G
nedian shifted by 0.6 ps. Under the conditions of these measureme A,m.
peaking strip operating field, 0.024 gauss, was w.m.:mw the H.on.wsm.u.f
ig £ o.owﬁg and two strips were being compared with each other so thal
lying within a band of #.mtm. are acceptable. As can be seen th
jitter is well within tolerance, being about+ 0.010 gauss per st
peaked structure is probably due to the disturbing factor being ro
sinusoidal with time TEm results were taken at regular intervals).
shows the results of some long term measurements, which are less s
The sudden changes may be accounted for by the fact that commiss
being carried out on the power supply at the time and the operati:
the magnet were not steady. !

As a result of these and other measurements the final des:
has been fixed and at the time of writing one bias current st
been completed with three others still under construction.
and discriminator unit is being drawn up prior to manufact




SECTION 5

MAGNET POWER SUPPLY

A.E.R.E. GP/R 2181. 1957. 5.1, Introduction

he Nimrod magnet DoweT supply plant comprises two 60 MW motc
neel sets which power the magnet via a mercury arc convertor ins
Nuclear Engineering. April MM.«“EW;H rating supplied from the alternators through phase splitt

giving 24 phase operation.

,\w\?, 1963.
A.E.R.E. R 3312 This report covers the u.au,»om up to uw.mﬁ Decemoer, 1962 and nowm_
T » 1960. details of design. These design aspects, with indications of the his
reasons for adopting the final design chosen are given in the follow

NIRL/R/33, 1963. papers published in Proc. I.E.E.,Vol. 110, No. 3, March 1963.

. April 1959.

«J. Wilkins. A.E.R.E. A/R 2626. paper 1 General A11 three papers have the ma

i
Paper 2 Rotating machines 'Magnet Power Supply for |

urway and J.J. Wi
§ lkins. A.E.R.E. .P\w 2845. Paper 3 Mercury arc convertors Proton Synchrotron Nimrod®

ide Electrique N
4 0.387. 463, June 1959. The main power circuit is shown in Fig. 5.1(1).

way. NIRL,
. /B/6, 1962. The first 60 MVA motor—alternator—flywheel set was commissioned f
. NIRL/R/3, 1961, running conditions during the last two months of 1961 and it was th
, A.Ed preliminary ‘on load! commissioning using each half of the Y
24, 7713, Sept. 1953 | installation in turn, with four of the magnet octants as load,
. quarter of 1962. From April 1962 until the end of August 1962
2849, 1959, flywheel set and one half of the convertor plant was used to P

(four octants at any one time) in order that the magnetic
1860, 1959. .

e The maoosa alternator was delivered at the beginning
H.Hm wu.pmewos was completed in about six weeks and the seco
ywheel set ran up to speed for the first time on 21st

MmeMMwouleMswowu set to the recently installed seco
S es were installed in the flywheel to flywhe
oogmoe<mswau. 1962 the complete rotary plant o
£ oa m._wm.w,« system ran up to speed for T

S mmﬁvmmwoswsm could not be carrie

&m.n ailable. Detailed final commis:

Emmwmn.v. 1963 using four magnet o

= et. This period will




