I |

; =
I py6. 90 xom. Hunexc 3649 ‘1 = INSTITUTE FOR HIGH ENERGY PHYSICS
=o
; =10 ‘a
3 =0
AN B—
- VR =3
A =" IHEP 92-57
f ’2 =° OYHK
A S :\
Y e
l L)
{l - / ‘g N.L.Smirnov
\L
o
| ON USING THE STRETCHED
N WIRES METHOD

FOR UNK DIPOLE FIELD
DIRECTION MEASUREMENT

oy

TPENPAHT 9257, H3BI, 1992 Protvino 1992

s ———— e P e



UDK 539.1.074.3 M-24

Abstract

Smirnov N.L. On Using the Stretched Wires Method for UNK Dipole Field Direction Measure-
ment: IHEP Preprint 92-57. - Protvino, 1992. - p. 16, figs. 6, tables 1, refs.: 5.

The UNK under construction at IHEP, requires more than 4400 dipoles. The dipoles field
direction is one of important features of dipoles. -

The stretched wires method for UNK dipoles field direction measurement is being grounded.

The physical ground of the method and detailed analysis of errors are presented.

AHHOTAOHS

Cwmupaos H.J1. Mcnonb3oBarne MeTORa HATSHYTHIX IIPOBONOB IS U3MEPERHS NOIOXKEHHAS MeNn-
angoit miockoctu nunoied YHK: Ipenpuat UPBD 92-57. - Ilporeuno, 1992. - 16 c., 6 puc.,
1 Tabu., 6ubmmorp.: 5.

Ins cospasaemoro B UPBO YHK Tpebyercs 6omee 4400 orkinorsiomux nunoneir. Ilosnoxe-
HE€ MeIHAHHOH IJIOCKOCTH OUIOJER SBISETCS ONHOM M3 BaXHEHNINX XapakTEPHCTHK HUMIOJEH.
Haetcs oBocHoBaEMe BHGOpa MeTONA HATSHY THIX IPOBOMOB 111 M3MEPEHNS IOJIOXKEHHT MENHaH-
Hoit mnockocta B qunonsx Y HK. IlpuBonarcs dpusmaeckoe obocHOBaHME MeTONa U MOXPOOHEIN
aHaJI¥3 IO PEITHOCTER.

© Institute for High Energy Physics, 1992.

H.JI.CMupHOB

Hcrnosp30BaHne MeTOLa HATAHYTHX NMPOBONOB A M3MEDEHMS
TIOJIOKEHAA MeIMaHHON MIOCKOCTH Iunonelh .

PemakrTop A.A.AHTnnoBa. Texumueckutt pemakrop J.II.Tumxuua.
KoppekTop E.H.I‘opuga.

Homnucano k nmevyary <2I. 04. 92, Qopmar _60x90/I6.
OfcerHas mevars. [ew.a, I,00. Yu.-usg.n. I,24. Tmpax I20.
3akas 438. Unmexc 3649. lena I pyd. 40 xom.

AncruTyT (EM3UXM BHCOKMX 3Hepru#t, 142284, IIporsuHO
MockoBcko#t o6,




e ‘1-‘_”45.__‘_,,; ———

ST

INTRODUCTION , )

_ The magnetic structure of the accelerating and storage complex (UNK) un- -
der construction at IHEP. consists of more than 4400 dipoles [1}. One of the -
fundamental dipole quantities is the field direction, and the required measure-
ment accuracy is very high (~ 2-107* rad). To provide this accuracy, in se-

- rial measurements under the fa.c111ty conditions requires from the measurement

method efficienicy and high protectlon against internal conditions (humidity,

- temperature deviations, v1brat10ns etc.). Depending on the peculiarities of the

magnets and-test facilities there are different methods to measure this quantity.

- Tevatron SC-dipoles, with no saggitta, have been measured by the stretched

wires method, and HERA’s SC-dipoles, with 19 mm sagitta, by spotting mea-
surement probe which includes two mutually orthogonal hall generators and
tilt sensor {2]. In both examples the serial measurement experience showed

: tha.t these measurements were most complicated, time-consuming and expen-
~sive. For the UNK dlpoles without sagitta, the stretched wires method was
"proposed for field direction measurement. Essence -of - méthod consists in de-

‘terming the angle between average magnetic field vector and plane formed by -

two mutual]y vertical located wires stretched through the dipole bore. For this
purpose the’ ﬂﬂx changes with current are measured. The application of this
method for real magnets is possible if some requirements to the magnet and
measurement system are‘provided. The aim of this article is the description

of the stretched wires method physical groungl,» measurement system and de-

termination of magnetic field requirements which makes it possible to use this
method and qualitative analysis of measurement results.
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1 THE METHOD DESCRIPTION

. Flgure 1 shows the measurement system scheme mcludmg measured dxpole
D placed on the bench supports, stretched through the dipolé bore measure-

ment frame, returning drawing: roller R, ‘basic quartz cylinders C creating the
coil surface, measurement tilt sensors of the basic cylmders C.T.S. and dipole - .
reference surface measurement tilt serisors D.T.S. The aim of the measurements - .

is to determine the angle between the average longitudinal magnetic field vector
and the perpendicular to the horizontal level obtained with the: basic cylinders
tilt sensor for the present dipole position w.r.t. the horizontal Tevel. All phe-

nomenona caused by 3-31mensxona.hty w1ll be considered below Here we'll -

. consider only a ﬂa.t case.
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Figure 1. The scheme of the measurement systém.
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8 séen ftom expressmn (33) the error of the measurad angle has addmve ‘

(independent of B; and multiplicative componerits. The most important, for

measurement s ultlphcatxve component. Its reduction by choosmg the inte-
gi tion time muhlple to s practically very difficult, because.of temperature
davmtxon of own frequency and the wires become covered with i ice. .
More efficient methods to counteract to this component are:
- to tune the own resona.nca frequency far from the harmonic of excitating
wbratlotx,
- much mea.surement sta.txsttcs

o The experience shows, first, the method allows one to get suppression ~ 10,

" The typical magnitude of multxphcatwe component’m about £0.5- B - 10-3rad -
when resonance frequency is optimally tuned, So the required accuracy achieved
for ‘the number of measurement ~ 100. The study of the problems connected .
“with using stretched wires ‘method for the UNK dipoles field direction measure-
“ment now is betng continued. The results of this study and measurements of the -
chpoles ‘of thé I-st and II-nd Bta.ges of the UNK will be published. . '

1 wotild like to thank Gertsev K.F., Balbekov V.L, Myznikov K.P. for useful
dmcussions and laboratory staff for the measurements performmg
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The influence of vibrations

. The measurement system from vibrations point of view represents two me-
cha.mca]ly disconnected strings ~ 10 m long. The mutual mﬂuence of these
*strings consists only in approximate equality of both wire tensmn forces due to
‘the returning drawing roller, and in the interaction of the current on the frame,
formed by two wires with the field. Because of high quality of the oscﬂlatlon

system, the outside vibration will lead to standing waves in the wires. The

stationary waves in the wires.are described by the equation: _
o kez o mk-a’ ' ,
E di - sinwl 7 z -sm# T ‘ -1, - (31)

where lis the length of the wire, z is the longitudinal coordinate, k is the number

- z(te)=

of harmonics [4]. -So each harmonic creates the stationary wave with its own

resonance frequency * " 2 and amphtude d. :
The flux through the measurement frame which wires. oscxllate in plane x
normal to the field vector can be presented as: -

-

<I> Bo[z d,,l sin(w kt +<p1)/sm 2 da—

, | A .
) ckaz '. ‘
- § digsin(wekt + p2) / sinl—-\-,——'.z-ldz] 3 _(32) )

where di1, wl, @) — are the amplitude; own frequency and phase of the ﬁrst ‘wire
oscillations; index 2 belongs to the second wire. From: expression (32) it.follows' -
that for even harmonics (k =2n) &3, =0, i.e. only odd ha.rmomcs influente the o

measurements accuracy. .

It.is known from the measurement that the thll‘d ha.rmomc a.mphtude is ap—

proximately 10 times smaller than the first one. So further.we will consider only

‘the first harmonic. Note that the total view of osc1lla.t1ons is very comphca.ted

The wires can, oscilate with different amplitudes due £6 the wire nonhomogene-

outy and different tension forces because of the friction in the drawing roller. '
‘Moreover, the directions of the wires oscillations differ and they can rotate is -
time. The velocity of this rotation depends on many accidental factors like: the .

dxrectlon of exciting vibrations, the bore gasflux and so on. . .

particular case when vibration amplitudes and frequencxes for the upper -

and 1 er wires are equal and oscxlla.tlon planes are normal to the field direction,
the measured angle is:

SA,,Bl wAt

ndAB 2

Vd =a+ f“_l_cos(wAt + <p) + - sin sin(wﬁt +¢), (33)
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‘The dipole field may be treated as. a superposition from a remnant
field, which does not depend on the exciting current and also on the main field
created by current: o« - . .

’ B{ ) Bon + (I )Cm _ 1)

‘where B is the remnant ﬁeld Cnn i6 the dipole tra.nsfer function, I'is exatatlon
current, 7 is orth of the altérnating part of the field. In general case 7 is depent
on the excitation current. For the flat case the field within magnet length L.,
equa.ls B(I)and equals 0 out of it. The frame length was chosen more than Ly,

- in order to catch the edge dipole field. In this case the flux through the frame

“width d with its surface turned at a.ngle a w.r.t. to direction B is:

@(I)—szna d- /!B(I)[dz—lE(I;l Ly -d- sina. '. (2)

For determmmg va.lue a it’s neccesary to measure ﬂux $. However the frame
-is a passive gauge and is sensmve only to-the flux change. The ﬂux can be
change either by rotating the frariie while excitation current is consta.nt or by

alternating the current while the frame is fixed. Since rotating such frame is -

very difficult it’s rea.sonable to change energization current meanwhile to record

EM.F. induced on frame Uy:

O(Isina) - .
)

“Here a.nd below we’ll suppose that transfer function Crm within ﬁeld opera,tmg
" region is independent of the current valuel
After taking an mtegxel of EM.F. from the frame we’ll obtam the ﬂux

change

U,,(t) & = LdCh-

U ! (I) =‘—L,,. d-Cn1- éina(I),~ )

«
-

~where 7 - is the time consta.nt of mtegrator . .

Hence one may calculate the wanted value a (I ) by measuring the mtegra.tor '
output voltage during the excitation current ramp from 0 upto . However, in -
practice the using of such method to determine required a([) in pure case-is :
not possible because of many reasons.- Let us considér some of them.

- The current ramping time from O to the maximum value may be several tens
of seconds and cannot decrease due to power supply output voltage limitation.
It is quite difficult to provide the required integrate linearity within such time .

!Within field ‘operating region C,, deviation usually is less than 1% a.nd its influence on ‘@ mea-

* “surement accuracy is negligable.
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. . mterval actua.uy, in expression (a)there isan. a.ddxtn‘re error caused by the i mput,
" bias voltage from the: a.mphﬁer, integrator and input circuits thermal voltage..

It i§ not possible cempetely to take into account ‘this «erTor because of lung."‘

- mtegra.te time and this error time drift. poo

- Moteover, the mlpossxblhty to synchronize the t;me mtegrate W1th the in-

dustna.l fnequency mnkes sxgmh(;a.nt the mduced nmse
" One can get rid of these;; dxsa.dva.ta.g‘ ith the method, ba.sed on the ﬂux
cha.nge measurement when exc1tat10n cummt has a deﬁmte small éha.nge. F1g 2

| . shows the structural scheme of the eqmpment usmg thxs méthod and 1ts oper- )

atmg time dla.gram

— | Oipole — »
| »L‘ V —-'-'-'-'I ey
H ‘.( . L - . o o : - . :‘ :P.S.~ ) . [‘
Y "1 e ’ [ X S '“,’? AN Sy
' .w}l}ier _Integ:r,utor - ADC ‘;.;.drlve — 1
- CAMAC ) Comater
aiil i /1 - ‘ o
L|- A .
rd . ‘f : ! o - +
< !U" ' ‘ S kd v
" Figure 2. The structursl acheme and time diagram.
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: ) Pu:o,met.er ‘Tolerance ' - Conditions of
’ otnt "Explanation S | tolerances definition
Eous  Slope of o(I) .~ | < 3:10™rad/kA Al = 0.1kA
. function I,= ing = 0.TkA
Qrmn Angular shift < 0.15rad . Byma < 107°T'0;
. between remnant Bin; = 0.1T1
) field vector and. o .
’ main field . N
Bs Nonlinearitiés of <8-10~* Az =AY =0
As maghetic field <24°10% | B=Bin;+Bna
" Ag whith take part - <16-107° v
By .| in measured lux '] < 32-10* I )
Az, Ay  °’ | Measurement frame T < Tmm A;, Bz <103
’ center displacement .| T
‘with reference to .
dipole axis \ ) . ) .
| Frame width < 0.7mm "o, <107%rad .} .
| Difference of the <10% a, <10-% rad
. wites ténsion : ‘ ‘
HE-Y Imngutu&maf < 1.2mm -rad Ly, 22 6m
£ asymmetry of dipole . L
A ~ | with reference to Y-
SR ‘| the frame length
'} Al, B - longit.
. Jtwist of frame - ‘ o
.[F(R, + By,) | Interaction between | >6-1°N-© | B =031/
L field"and frame o ' . B=5Tl
- curfent | | o "oy & 107%rad
1oK,or ‘Errors of measuring <% a, < 10°%red |
b -electronics : , .
K - amplifier.coeff.
7"~ time constant -
®
N .
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To estimate this effect one can propose that the whole force is apphed to . -
*_ one point in the center of the w1re and equals:

-

OB 1

F=I%-d:a By o )
! ¢ ot Rinp"'Rﬁ' )
thus the frame be rolling at the angle:. .
: . ‘
Ao & B L lf B @ (30)

where F¢ is the wire tension force, l ¢ is the fra.me length.

Note that this effect is _very weak even for a short circuit frame: R,,, =

0;Ry = 2000;F; = 30N; B = 03 Tl/s; = 102 rad and B,

= 5 Tl, the
‘magnitude Aoz ~ 3-10™* rad.

3 3 The electronics errors.

As follows from expression (3), the tolerance to the measurement electromcs -’
parameters (the amplifer coefficient — k and time constant - 7) depends on the
measured angle magnitude, i.e. on the initial placmg of the magnet. Proceeding

from the required accuracy of measurement 2-10~* rad and setting the accuracy
Lo~ 102 rad., the tolerance to values k and 7 is ~ 2% and easily achleved

In the table presented the tolerances to parameters ‘which influence on the - N
systematic errors of measurement and the conditions which these tolera.nces :

were defined for.

3.4. Accxdental errors

' The accidental errors peculiar for the described method are the followmg,_. ,
— vibrations of the measurement frame wires due to the vxbl;atron of the 5

cryogenics, vacuum and other equipment;

— industrial frequency E.M.F. induced on the measurement frame;

- temperature noise of input circuits of measurement electronics.

The method of eliminating the temperature noise, more precisely, low fre-
quency-components has been described earlier.

The effective method of the E.M.F. industrial frequency suppression is to -
.choose the integration time multiple to the main harmonic of industrial fre -

quency ~ 50 Hz. Thus the average integrated signal will be zero for mam and

- higher harmonics.
Technically a more dlfﬁcult problem is to reduce the ax:cxdenta.l error due to

wires vibrations. Notice that this error is the biggest and is, in general decisive -

derterminating  the measurement accuraey

’
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For quantity estimations below are grven the main propertles of the eqmp-,
ment and its operating regimes:
- wire CuBe, §100um; :
"~ frame width d = 35 mm.
The current impulse para.meters

Iomin = Imj = 380A ' forI-string, 700 A  for Il-nd ring

= Jomaz = 3 kA L 5kA- . -"-
- A = 100 A QR 100A . -~n_
- I = 1000 Afs-  -"-  300A/s  -"-

- L - A
~ The ramping speed limitation is due to P.S. voltage limitation. -

As follows from the cited features, the current ramping interval (impulse -
front) equals fractiobs of second. The xntegrator high hneanty with such inter-
va.ls can be éasily achieved. _

To avoid input bias voltage error the measurements have been carried out
during current ramping up a.nd ra.mpmg down (forwa.rd and backwa.rd current
impulse, fronts). o

Since under such excxtatmn of the magnet the operating pomt will always
travel alorig the same magnetization cycle, ‘constant for this current level, the
useful part of the output signal changes only its sign synchronously with the
current ramping direction but its value remains constant. Le. expression (3)
will be true (not including additive bias voltage error) for:

vl -uvl;

Ul = =, ®)

\ s

o where Uaf,; and U,f;,{  are measured output voltages on forward and backward
‘ctrrent impulse front, respectively. It should be noticed that the accuracy of

taklng into account the bias voltage error is quite high because the time delay
between forward and backward measurements is less. tha.n one second and the
d.nft value of this voltage is negligible.

.. 2. THE PHYSICAL GROUND -

\ .

The main thing as far as the applicability of the method is whether the real
-angular shift between the frame plane and field vector can be replaced by the
- angle obta.med from formula (3)



In this methcvd the reqmred mtegral magmtude o:M(B),- arcsmf—ﬁv has

_ been replaced by the differential measu:ed ma.gmtude amm,.,(B) ——(Qi

- AlBET
Thus the measured a.ngle can be presented v1a. true angle ast " IR SN
Aape p, v RN
ameaa(B)_aM(B)+ AB B ‘ ) ‘ (6)““

where Aay — changes of the angle with the ﬁeld AB For.a sxﬁa.ll change

—M‘X'B ~ —f“l To obtain function aM(B) from the measurement results we haye

to solve dlife'rentlal equation (6). The solution of this equatlbn is:

ap(B) = a(O

is the sum of two. ccomponents: the vector

N ‘hexc;ta.tlon current-and vector 7i(f ) Cn-1

* . The error from remnant field (the diﬁ'er-‘
- ence between (L) and ay fig.3) can be
. . estimated as S
-Figure 3. o . R lBrml

- 1Bl

It should be noted that for real ma.gmtude of remnant field ~ 1073 T1 a.nd

Binj =0.7"T1 the vallie o,y tolerance is quite soft and. eqnals arm <015 rad.’

The fotating coil measurement results show that a.ngle shl.ft of remnant field -
" with respect to the main field is less than several degrees. ’

-If this angle is mdependent ‘within the reqmred tole.ra.nte of the exuta,t.lon
current, as follows from the solution, the measured a.ngle pquals true a,ngle with
an account for the normalized remnant angle. In this case no addxtxonal

operatlons with the measured angle yeqs(B) are needed Otherwxse if w;thm -

opérating region B the measured angle Gmeqs(B) change'is. more ‘than the tol-
~ erance, it will cause the necessity: first, to choosé the dlpole posltlon S0 as. thus

ja,,m B)dB | (M)

o where &(0) = Zn . a,,,,. The remnant an- -
B ' . gle lnﬂuence is gwen on fig:3, where the
S coordinate system is ‘shown whose center’
h ' 0 coincides with longitudinal magnet axis -
L and axis OY coincides with the measg.re—i
' mient frame plane. The field vector B(f) .

. ﬁ,,,., which dosn’t depend on the value of

: relat.lon

N

) . -

.Ad o < 70 107* rad’* mm. Thus tolera.nce for Ad depends on the accura.eyl’

comcldenoe of the frame plane and the field vector,

‘In practice, the placing of dipole on the bench is ca.ry:led out-with angular
accumcy o < 1072 rad with reference to horizontal plane. Thus the tolerance
for the wires sagitta inequality ~ 0.7 mm, which gives the lnmta.non on the

: tenswn forces difference of ‘the wires within 10%.

"The long_xtudmal twist of magnet can. have quite a big magmtude '
(~ 10 mra.d) As this method allows one fo measure integral field direction
at a given magnet position on the bench so it is necessary to control its po-
sition on the bench by the txlt sensors of the reference surfaces in order-to-a

~ reproduce this dipole position in the tunnel:

The measurement frame twist. We'll stand for the angle ,0 ber.ween sur-
faces which form the frame on the ends of the’ dipole. This twist léads to the -

measirement error in the case of asymmetric disposition of the dipole with ref-
erence to the frame length. The tolerance for the asymmetric value Al will be 3
defined ﬁor the requu?ed measurement accuracy 2 - 107 rad from the followmg ‘

: AR :
AI<L,,.2 20 IR (25)

Fot typical B~ 10”2 rad and Ly, = 6 m this to}era.nce is qmte soft (120 mm)
a.nd easxly adueved e

The cha.ngmg flux mdnces E M F. in the measurement frame, equal for a

) ‘small e - :
| a.ngl - ' 3115 ~ " . 8B BN
. o Up = —'b-t' Ly-d-a- —a—t - . ; (26)
Thls E M F. leads to the current in'the frame: -
» U N
s I= Rm + Rf (27) .

where R,n s’ the input unpeda.nce of the amphﬁer, Ry is frame resistance.
The force dF applied to the wire element dl pla.ced in the field B, by Amper
low equa.ls S ;

’ dF 1 [dl Bol , . (28)
The /force dF dJrectlon is norma.l to vectors dl and B,, i.e. thxs fotce wﬂl
attempt to roll the frame. 7 : .



/

By analogy to what was said a.bove, from condition (19) one can get toler- .

ances for the coefficient magnetudes By < 32-10~* and A5 < 16 - 10 -3, These
~ tolerances are also satisfied within operating field region.
. Le. in a pure turn case the tolerances are satisfied for the UNK dlpoles and
don’t requxre any additional error to be taken into account. '
B) The pure displacement case (¢ =0)

in this case -
o . ’, d~) n . d n N p
r,',‘—r;'=[Ax+z(Ay+—2'-] —[Ax+z(Ay—§)] 3 -o(21)
. and the flux through the frame ab hés the form: S
.Bﬂ ‘ n n ‘ e
N ab-BL JmﬂX_: mr(rb —13)- (22)

The fact that the flux from these nonhneantles has to be less than the main
. flux @l(,b -at the minimum allowed angle a = 2 - 10* rad can be used as the

criterion for defining the nonlinearities and displacement tolerances. .

As follows from above, the tolerance for hwmcs and drspla.cement mag- -

nitudes can be presented “as:

Ayyn-1 <210 (23)"

" An (-A—””)"‘1 <2-10™, B,- (o
Due to small reiatlon L & 1, more strict tolerances - will ta.ke place for n-2
The values Az and By usua.]ly are less than 102 in the operating field region.,
‘Thus admissible frame centre displacement is ~ 7 mm, Notice, that it is- not
problem tp provide this tolerance even in the vertical duectlonﬁ ‘
© 8.2. The influence of mechanical errors . T

Here we imply:

— the measurement frame wires gravity sag and the frame width error,

~ longitudinal twist of the measurement frame,

"~ frame turning due to the frame current mteractmn w1th dipole ﬁeld

The frame width error

The angle & calculated from the meastred flux magmtude will contam the
~ error Aa due to the frame width error Ad:

- = o . (29)

Proceedmg from the real magnitude d = 35 mm ‘and required accuracy

Aa < 2-107* rad, one can obta.me the tolerance for the frame w1dth error .

10

.

" to minimize the bea.m tra.Jectory dxstortlon, and, second to use the correction

" system to minimize the beam trajectory distortion. Evidently the precise esti-

* mate of the function a(B) can be-calculated from estimate ozm,,,,(B) Tlns will -
_be the reason to more detailed a,,.m(B) measurements.

»

‘&

" Our right to replace the value of « by the value of Cmeas (B) is confirmed by
the mequa.hty

X o/ "1’(.’0‘”? < ¢,,;,,(X)- - )
: Secorid‘ term of expression (4) describes the angle measurement error due to
the angle change, and therefore it has been taken into 4ccount when calculaing

“the function a (B) with formula. (5). This error is not taken into agcount only

for initial point Bjn;.
!  Note that for UNK SC-dipoles the maximum function () slope is less than -

& <107t rad/kA and corresponding to its maximum error to mJectlon level
equa.ls 0 7. 10‘4 rad is tolerated.. : \ : :

3. THE ERRORS

For real dipole’ Mmeasurement one should take into account the followmg

- factors which - oceur: - in systematic error of measurement
i

- ‘magnetic field nonlineasity, y ,

~. transverse displacement of the measurement frame with respect to the' :
dlpole axis, : : -

~ difference of wires sa.gﬂ’.ta., ; ’

— cross twist of the measurement frame, -
= s'ystema.tlc errors of measurement electronics.

i or of measurement is determined basically by the outside fac-
tors such as vibration, temperature in the operating region, hum1d1ty, param-
eters of blowing gas flux, external electromagnetic field; electronics noise. The
analysis of the errors and methods to elimjnate these errors w111 be given below.
Fu'st of all we'll conmder systematic errors. . :
3.1. The nonlinearities influence on the systematic error of the field
' direction measurement.

 The two-dlmensmna.l drpole field is usua.lly represented in the followmg form

B, +iB, =B, ):(B +zA,,)(”+“y)““ S )
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l where B,, is ﬁeld at th,e dxpole axls, B, and A, - ma.gmtudes of ”norma.l” and ¢
- "skew” ha:tmomc order n, r, is the normahzatzon radins (35 mm) x; y'are the

N pomt coordinates in the coordinate system)’ XY have been choser s6-that 1ts{’"
“center combined with dipole center and the Y axis direction. coincide ‘with the "

field vector direction in the dipole center [3}. For a eal 3-dimensional’ case all

field components are the functions of longltudma.l coordinate Z, which coincides y
" with magnet axis. In'the choosen coordinate system the medjan pla.ne will be *

called the surface XZ for whlch the following conditions are realized: v
‘/Bl(z)dz_ 1; /A; ddz=0, -
Lu, ; ¥ R

where L.,,,l is the magnet length S
7 , < . . A
In order to smphfy the analym of the

curacy we'll first consider the flat case,

within magnet length and vanish outside.
Fig.4 presents the cross-sectlon of a mag-

wires (a, b), turned at angle o with re-

w.r.t. the magmet axxs ‘The flux of mag-
- netic field vector B through the frame S
- ,will be equa.l to .

LT Figure 4. e
ACCordmg to the above dond.ltlons thls ﬂux may be wntten as: . | |
By = [/ Budy ~ / B dz] Cee ‘_.’(1-3)"
. / )
 1 e. the flux through the frame can be presented by the ﬁeld pa.rameterb in ‘&
. view - B, +id R ‘ .
’ — | n . n -
P = Bolin {sz:,"_l EHOTEDANG o
. o0 Bn + 1A . T & }' . . ‘ ) ‘ -
- Re ,,2_21 rm-l.n. (14 zctga) N r“ ‘ ' (14)’ -

factors influence on_the measurement a»c-'!

where all field parameters are constant.

—e spect to Y axis and displaced by AX,AY

AN

net w1th the frame from two stretched» RS

‘ wh_ d is the frame width.

whel"e‘rn‘ama+2ya Ts. --zb:l-iyb~ .' ~
&) The pure turn’ case (A:c =Ay= al
?‘;’ h.wscase NSRS

., 'é o

-t = (,—) (sma+zcosa)"{1 - ( 1)"],' N ‘ A ‘(-1‘5) '

N,
\,
..‘ s

“From- expression (15) it follows that even harmonics (n—Zk) does’t give
any contribution. to the flux (&,) = 0): The odd harmonics (o = 2k + 1)
partmipates in the flux and brings the error in to « measurement

.The ma.m (useful) part of the flux from the first ha.rmomgs equal

o B,L d(Alcosa — Bysina). - (16)
é‘a.kmg into-acount condltlon (11) one can obta.lne the ma,gmtude of a useful

<I>“)——BL ds-ma . an

Let us consxdev the ﬂux ma.gmtudes from the lower odd harmonics a.nd compa.re ‘

them With useful flux magniffide.
- Sextupole component {n=3)
- The flux from this n.onhnea.nty for small angle a:

3) ) B .
<1>( ﬂB——122(3B3a A3) L _(1‘8)

Proceedmg from the reqmred accuracy of o determmation (2 10‘4 ra.d) the ',

k value of Q@ must satisfy the followmg condition:

q)(? . P
a — -
@(1) SZ 10 - o (19')
> '

F\rom {shls condition for a real frame width d =~ r, one can get tolerances for
the hatmome coéfficient magnitudes As < 24 - 10~* and Bs < 8 - 10~%. Note,
that for. the UNK d1poles these coefficient values usually are smaller than the
tolera.nces obtained within operating field region. \ .

~ Decapole component (n=>5) ‘ ‘

The flux from this nonhnea.nty for the sma.ll a.ngle o is

,')

%% BLn 80 4(A5+50135) (20,

..



