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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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'_‘**That is, Magnet No.

INTRODUCTION

In 1978 Don Nelson and Ed Cyr of LBL's Magnetic Measurements Engineering
Group tested PEP (Positron Electron Project) injection 1ine dipoles. This
report describes the tests and presents test results of the fourteen (nominally) '
identical dipoles commonly referred to as B3 type dipoles (formally designated
25B5249, S/N 456201 - 456214 inclusively - Elma Manufacturing).l-6* |

In preparing this report, we followed an outline. We have converted the
outline to a table of contents and jnc]uded it as Table I (page 1) of this report.
Because of the:large number of technical terms with-specialized interpretations,
we have provided the reader with a glossary in Table II.(paget3); 'Figures‘ahd
tables are indexed in Tables XI. and XII-(pages 49 and 50) respectively.

We carried out the measurements outlined in a test plan’ and avfo1low:up
memorandum.® The original specification for the accuracy of fBst (Ex)’ i.e.,
integral over particle path of magnetic induction as a function of transductor
potential, Ex’ was jQ;OOS fBst (absolute) and +0.001 fBst 7 (relative strengths
of the 14 magnets). After the first two megnets were‘teéted, by mutual agree-
ment, the absolute specification was tightened to +0.001 sBds over the energy range
(4 GeV < T < 20 GeV). We believe that all the /B,ds numbers reported herein

are accurate to +0.008 Tesla meter, i.e, +0.0013 sB ds (T = 15 GeV). /

The fourteen magnets were tested in the order of their production and their
serial numbers reflect that order. Fof brevity, we often identify a magnet by
the last two digits of its serial number.** Based on preliminary information on
.relative strength, the magnets were assigned to positions in the two injection
lines, i.e., North Injection Tunnel (NIT) and South Injection Tunnel (SIT) as

shown in Table III (page 4).

*References are listed on pages 47 - 48. ‘ e
1 (the reference) was S/N 456201.
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Exmin
(GeV)
ONIT, SIT
nw
T Tmax :

ref

subj

nn

LAB

We

Q is a function of Ey

The vertical component of magnetic induction (Teslas)
Approximation to path of particles passing through the energized
magnet - a circular arc with radius at curvature 40198 mm and bend
angle 0.1313 radians extended by tangental stra1ght line segments
at each end (meters)

Denotes center of magnet pole area

Denotes vertical midplane of magnet aperture

Transductor potential (Vo]ts)

Highest transductor potential in the minor hysteres1s loop of
interest (Volts)

Lowest transduetor potential in either minor hysteresis Toop (Vo]te)
(10° Electron Volts) l
North, South Injection Tunnel

Turns-width product of integral coil (meters)

Symbols denoting energy and maximum energy respective]y (GeV)
Subscript denoting reference magnet S/N 456201

Subscript denoting subjecf magnet, i.e., the subject of the
measurement (S/N 456202, 03, 04.... 456214)

Flux in the 1-turn flux loop which generates an emf in the 1-turn
flux loop on the periphery of the lower pole tip of magnet S/N 4562nn

Denotes the difference between a quantity of the subject magnet(n)
and the same quantity in the reference magnet (1), (Q,-0Q;)

Difference between two values of the same dependent variable
corresponding to two values of the independent variable. In
this note, Ey is usually the independent variable and one of its
values is usually Exmax corresponding to either the 20 GeV or
15 GeV value of transductor potential.

SLAC Light Assembly Building
In discussing measurement act1v1t1es, we = Don Nelson and Ed Cyr.

In discussing test results, we = Don Nelson and Joe Dorst, and/or
Jack Peterson.

TABLE II Glossary

MYI._ 229N _9af Do /% 9\
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TABLE 1III

Positions of the 14 B3-Type Bend Magnets

in the PEP Beam-Transport Lines

Deviation From

Magnet Number Reference Magnet*

(n) (%)

1 0.00

2 -0.49

3 -0.21

4 - -0.15

5 -0.21

6 -0.77

7 -0.65
'8 -0.16

9 -0.47
10 -0.35

11 - -0.37
12 -0.61
13 -0.63
14 -0.44

nIBst - 1fBst

*Deviation = 100 (% of 1,fBst)

1fBzds

*line 41 is the south injection tunnel (SIT)
Line 42 is the north injection. tunnel (NIT)

Lattice Assignment+

41B4
4286
4186
41B3
41B7

4283
42B5
41B5
4289
41B8
41B9
4288
4284
4287

RL-3220-2s( Rev.8/71) » ,
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- SCHEDULE OF MEASUREMENTS

Table IV is a schedule of magnet measurements for B-3 type and other PEP
injection-line magnets. Included in Table IV are effort charges against the account
provided for measurements of PEP 1n3ect1on Tine magnets during 1978.

It may be of interest to those planning similar measurement programs to compare
the effort charged with the estimates made in ‘the test plan. Below, we have sun-
marized these efforts for the periods of injtial measurements (magnets 1 and 2)
and the routine production line measurements (magnets 3-14 and 1).

Effort Charged to
Account No. 8484-26

Test Plan - . During Period Coin-
Minimum Effort ciding With Activi-
(Shifts)* ties (Shifts)
Nelson - Cyr
Set Up/Shakedown Test Equ1pment 10 o : 24 10

Magnetic Measurements of 14 B-3 Type Magnets ‘ 38 .50 25

Note that the effort charged by Ed Cyr accurately portrays the number of shifts
required to acquire these data. Nelson's time included planning, software - coding,

data analysis, data processing, and preliminary report writing.

*The number of men in a shift was not defined in the test plan, but Nelson 1ntendeﬂ
and used two-man shifts for all measurements. :
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Effort Charged to

Account No.

8484-26
{Man Hours)

£d

Total 194 (24 shifts)

10

72
82 (10 shifts)

(Preliminary Measurements)

C,?nsicihtiirlngn Hap No.
Activity Period S/H (See Note) 20 GeV 15 GeV Don

Test Plan Revised 2/03/78 30
Measurement System Shakedown/

Preliminary Measurements 3/10/78 - §/1/78 142 ~164
Measurements of Magnet No. 2 5/02/78-5/3/78 2 1 17 19

Status Report Meeting No. 1 ©5/04/78 ) }

Measurements of Magnet No. 2 5/09/78 3 1 22 ©23 } 105
Measurements of Magnet No. 4 5/19/78 4 B 26 27

‘Measurements of Magnet No. 5 5/23/78 5 1 33 34 ‘}

Status Report Meeting No. 2 6/01/78

Measurements of Magnet No. 6 6/06/78 ' 6 2 41 42 16
Test B1 & B2 Magnets ) 6/12/78 -7/28/78 oo T64 **
Measurements of Magnet No. 7 8/08/78 7 2 73 74 i
Measurements of Magnet No. 8 8/09/78 - 9/1/78 8 2/3 83 7 } ne
Measurements of Magnet No. 9 9/01/78 : 9 v 3 84 85 }

Calibration of L-45 in Main Ring Magnet 9/05/78 _ } 5
Measurements of 18 (BV 1 & BV 2 Type) Magnets 9/ /78 - 10/29/78 )

Measurements of Magnet No. 10 10/30/78 - 10/31/78 10 4 92 93 } 54
Measurements of Magnet No. 11 10/31/78 n 4 94 95

Measurements of Magnet No. 12 11/22/78 B ¥ 4 97 98 24
" Measurements of Magnet No. 13 12/19/78 13 1 102 103 3

Measurements of Magnet No. 14 12/19/78 14 4 104 105

Ref. Magnet Magnetization @ 15GeV

16 Point-Data 12/27/78 1 4

Coil Calibration Point-Data for 76
Num. Integration 12/27/78 : 1 4

Coil Calibration Point-Data for

Num. Integration Supplement 12/28/78 1 4

?prz?ngéarg:gnetizahon @ 20 Gev 12/28/78 1 4 )

NOTE: Cofl matching conditions are shown in Table V

*Magnetic conditioning before testing different for magnet 2 (compared to o_thers, f.e., 3-14)
**Effort for testing other injector line magnets. MNot included in totals in Table I.

TABLE IV Schedule of Measurement for PEP Injection Line

n

29++

62

22 L2 4

35

13

10

Total 393 (50 shifts) 199" (25 shifts)
(B-3 Type Production Measurements)

Magnets, B-3 Type
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MEASUREMENT PROCEDURES

General Description

When each B-3 type magnet was fabricated, Elma Manufacturing would ship the
_magnet to the SLAC Light Assembly Building (LAB) for tests. Bob Byers, SLAC,
accepted the magnet and either 1) stored it in the LAB until the previously
delivered magnet had been released and stored, or 2) p]acéd the magnet on the LAB
test stand directly over the reference magnet (S/N 456201). Zohrab Vassilian
and/or others in the SLAC Magnetfc Measurements Groﬁp connected 2 water lines,

2 poWer Tines and a ground lead to the magnet.

When the magnet was ready for testing, Don Nelson and Ed Cyr would do the

following: |

1. make preliminary tests, e.g., polarity, test equipment connections, etc.,

2. condition magnets for 20'GeV minor hysteresis loop.data, Tmax = 20 GeV .
3. measure: Bref(Ex{Tmax})’ Bsubj(Ex{Tmax})
"In/Qut"
| dessubj(EX{TmaX}) &’desref(Ex{TmaX})

Measurements

AB(EX{TmaX}),.Ades(EX{T&aX})

(See Table II for definition of terms)
4. collect power and cooling data®
5. make graphical magnetization runs

§ /Bds SAB, SASBds, AP

6. measure: 5Bref’ §desref, aﬂref’ 5B 80

subj’ subj?> ““subj’

at regular current increments (a) on descending portion of 20 GeV minor
hysteresis loop and (b) on ascending portion of 20 GeV minor hysteresis loop.

7-11. Steps 7 through 11 corréSpond to steps 2 through 6 respectively except

Thax = 15 GeV (15 GeV minor hysteresis Toop).
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-12. tag magnet, mark polarity, etc.
13, process data on magnetic tape at LBL
T4;,’not1fy Bob Byers to have magnet disconnected, "blown down", and removed

from test stand for storage.

Data Acquisition Cycle Description

In preliminary tests, following a procedure suggested by G. Fischer!0, we
determined magnet currents correéponding to beam energieé of both 15 GeV (~804 A)
‘and 20 GeV (~1466 A). We also chose as a minimum current ~46 A which corresponded
to 100 counts on our current setting DAC (digital to analog converter) controller.

These current values became the minimum and maximum current values for our
two data acquisifion cycles and defined the end points of the two minor hystere-
sis loops which we refer to as 15 and 20 GeV minor hysteresis loops.

After conditioning the magnet(s).undervtest by cycling three times between
the minimum and appropriate maximum current, we cycled the current between
limits while recording data on the descending portion of three current cycles
and on the ascending portion of three additional cyclés. Figure 1 shows tréns—
ductor potential as a funétion of elapsed time for the 20 GeV minor hysteresis
loop. Figure 2 shows the same quantities for the 15 GeV minor hysteresis Tloop.

As shown in Figures 1 and 2, for collecting both the ascending data (shown
as a solid line) and the descending data (dashed line), we started and ended
each data acquisition cycle at the appropriate maximum current (points 1a5e1ed
1 and 1') respectively. The (lack of) closure of the field quantities associated
with current points 1 and 1' was used to adjust the magnetic field data, assuming
that the drift-rate of each of the three integrators was constant during a mea-

surement cycle.
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Our hardware Timited our current control rate to 10 A/second. We determined
that up to that rate there were no significant variation with rate so all currents

changes were ramped at the rate of 10 A/second.

Magnetic Measurement Description

The data represented in this report were co]iected with the LBL computer
mapper.ll Both the data acquisition program and the data processing program were
extensively modified for this project. Figure 3 and Table V show thebtest equip-

"ment used for these tests.

For measuring the first four magnets,'we collected data under three con-,
ditions; namely, virgin 15 GeV data, 20 GeV data, brown-out mode (1.e.; post:
20 GeV) 15 GeV data. Comparison of the virgin 15 GeV data and the brown-out  ‘
‘mode 15 GeV data led to the decision to measure the remaining magnets only

under the latter two conditions as outlined below:

I. 20 GeV data acquisition procedure Exmax = EX (T=20 QeV)
A. Condition Magnet -for E (Three Cycles)
B. Acquire In/QOut Data»@ By max

1. Collect Reference Magnet Data
2. Collect Subject Magnet Data
3. Collect Referencei— Subject Magnet Data
C. Manually Record Power and Cooling Data®
D. Generate GraphicaT Data (Two Cycles animdm)
1. "Plot 6anZdS.
2. Plot 6Aanzds
E. Acquire Magnetization Data (Six'Cycles Minimum)

1. élest, GBZI, Gﬂl

2. ‘anBst,>Gan, Gﬂn

3. GAI(]—n)BZdS’ GABZ(]-H)’ .(SAQ(']_n)
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Device

Flux Standard

Integral Coil (Ref Magnet)
Integral Coil (Subj Magnet)
Integrator

Point Coil (Ref Magnet)

Point Coil (Subj Magnet)
Integrator

1-Turn Flux Loop
Integrator
Transductor/Trans P. S.
Computer Mapber ‘
Data Acqufsition Program
Data Processing Program

TABLE V Test Equipment

Identification

SLFS 39.5

L-45 Assy. Drwg. No. AD204-223-13
L-46 Assy. Drwg. No. AD204-223-13
nyn

B-140

B-149-

nyo

Installed in each magnet
nyn

SA-901-119-11

LBL Report - LBL-1311

LBL MSS Set Mapper II, subset M604152

BCOMA

Notes

P = 0.5061 (Wb)
nw = 0.05179 (m)*
(See footnote)

R =46.4 kg, C = 2.0 yF, Atten = 296

nA = 5265 (cm2) _ |
(signal, divided tomatch B-149, {0.9989})
nA = 5259 (cm?) ‘
R=146.4 ko, C = 2.0 uF, Atten = 350

(On periphery of Tower pole)

R=146.4 ko, C = 1.0 uF, Atten =

412
S/N 6 . '
Modified Extensively

Modified Extensively (Update)

OLD PL = MSS/COMA76U 34565
(Last Update - January 23, 1980)

*Coil L-45 was divided in an atfempt to match the sensitivity of coil-46. While measuring subject magnet

S/N 456208, coil L-46 opened and was rewound.

again and was discarded.

reference and subject magnets.

After measuring subject magnet S/N 456209, coil L-46 opened
For magnets S/N 456210 - 456214, coil L-45 (and B-140) was used to measure both

The divider used on coil L-45, the relative turn-width product of L-45
divided and L-46, and the (apparent) turn-width product of L-46 are given below for four conditions:

UOSU19d €3S40Q €UOS|3N
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Ma%gagng Divider On Reference 'EYL:E§£ELZZ nwL_46(Apparent)
Condition Coil (L-45) W _46 (turn m)

1 0.9899 (Initial Matching) 0.9992 0.0513]

2 0.9905 (Improved Matching) 0.9996 0.05132

3 0.9963 (Rewound Coil L-46) 0.9999 0.05160

4 1.0000 (Undivided) N.A. Permanently Open
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IT. 15 GeV data acquisition procedure EXmax = EX (T = 15 GeV) _

A-E Repeat of T A-E (page 11)

In addition to fhe measurements outlined on page 11, we collected two
additioha1 sets of data for the reference magnet as follows:

1. We measured B, (s) for numerical integration over s and calibration of the :
intégraT coil;
2. We measured GfBst at different (intermediate) values of EX (except at the
end points which define the minor hysteresis loop).

The first set was used to calibrate the integral coil, L-45. We did not
calibrate this integral coil in a main ring dipole because of scheduling diffi-
culties. The second set known as "high density or 16 point" excitation data was
co1]ected on December 29, 1978. Because power in the LAB had been 1nadverfént1y'
interrupted over the Christmas ho]idéy, this "hfgh density" data set was of in-

ferior qua]ity_to the preVious]y measured data.

TEST RESULTS

Preliminary results were officially transmitted to SLAC in January, 1979.12
MT 274 listed fBzds Vs EX fdr the reference magnet and AfBst VS EX for the
thirteen subject magnets. The difference data were refined in February, 1980.13

We believe the 12 and 13 set average reference magnet data represented in
this report are super?or to the 16 point data delivered in January, 1979 as ex-
plained in a separate memorandum.l"

The four transductors used for operational measurement of current of the
14 B-3 type magnets were calibrated against the transductor used during the mag-
netic measurement program.!> The output potential of the four operation trans-

. ductors is 0.9990 ip.QOQZ of“thg cqrrgspondjng potential of the transductor we

used for any current in the range 200 < I < 800 A.  The operation transductors

are reported to héve sensitivities of 99.95 A per volt.16
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Reference Magnet

For the reference magnet (S/N456201), we have tabulated /Bds, des/EX, B,

B/EX and sBds/B for 9 values of EX for the 4 magnetic conditions described below.

Table Page Magnetic Condition
VI 16 20 GeV Minor Hysteresis Loop, Current Ascending
VII 17 - 20 GeV Minor Hysteresis Loop, Current Descending
VIII 18 15 GeV Minor Hysteresis Loop, Current Ascending
IX 19 15 GeV Minor Hysteresis Loop, Current Descending

Graphical Representations

Point Magnetization Plots

Figure 4 (page 20) shows magnetic induction and norma]%zed magnetic induction
as functions of current—monitoring—transductor potential. We show curves repre-
senting the 20 GeV minor hysteresis loop, and we plotted data from the 15 Gév
minor hysteresis loop for compariSon.

Figure 5 (page 21) shows the same quantities up to an energy level of 15 GeV
and at an expanded scale. We show curves representing both the 15 GeV minor
hysteresis loop (shown as a solid line) and data from the 20 GeV minor hysteresis

Toop up to ~15 GeV (shown as a dashed line).

Integral Magnetization Plots

Figure 6 (page 22) shows integral of magnetic induction and norma]izedvin-
tegrals as fuhctions of current—monitOring-transductdr potential. The curves
represent the 20 GeV minor hysteresis loop and we plotted data from the 15 GeV
minor hysteresis loop for comparison.

Figure 7 (page 23) showé the same qualities up to an energy level of 15 GeV -
and at an expanded scale. The 15 GeV curves are shown as solid 1ines while the

20 GeV curves are dashed.

. (text continues on page 24)




Transductor
Potential,

(Volts)

E

14,

13.

11

.827

9.

8.041

(=]

~n

X

661
716

934

.146

.247

. 350

0.458

Normalized
Integra[_of Integral, .
Magnetic " /Bds Magnetic
Induction, T Induction,
/Bds X : - B
(Tm) (Tm/V) (Teslas)
8.802 .- 0.6004 , 1.6793
8.589 0.6261 ‘ 1.6387
- 8.093 - 0.6842 _ 1.5435 -
7.458 0.7505 - 1.4214
6.483 0.8060 1.2335
5.063 0.8238 - 0.9620
3.526 - 0.8302 0.6698
1.960 0.8340 10.3726
0.407 0.889 0.0777
TABLE VI REFERENCE. MAGNET ~ (S/N 456201)

20 GeV Minor Hystekesis

(Twelve Set Average)
Current Ascending (from

Loop Data

46 A)

Normalized
Induction,

B
Ey

B

1145

0.1195

0.1305

o o o o o o

.1431
.1534
.1565
1577
.1586
.1697

Effective
Length,
/Bds
B

(Meters)

5.241
5.241
5.243
5,247
5,256
5.263
5.264
5.260
5. 240
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Integra'] Of NOY‘maHZEd Norma]-lzed

| Eﬁﬁzjﬂﬂiﬁor Magnetic In}ggga], | Magnetic Indui;ion, E{:i;t;te
Ex i Indygﬁ;on, —E;— Indu%;1on, E; [%%g

(Volts) (Tm) (Tm/V) (Teslas) (T/V) (Meters)
14.661 8.802 0.6004 1.6793 | 0.1145 5.241
13.716 8.594 0.6265 _ 1.6398 | 0.1195 5.241
11827 | 8.111 0.6857 1.5472 0.1308 - 5.242
9.934 7.501 0.7549 1.4300 0.1440 7 5.245
8.041 6.564 0.8163 1.2489 : 0.1553 5.256
6.146 ' - 5.116 0.8314 0.9708 0.1580 5.264
4,247 3.557 0.8375 0.6755 0.1591 5.266
2.350 ' _ 1.984 0.8443 0.3770 0.1604 _ - 5.263
0.458 0.406 0 0.0776 0.1694 ‘ ' 5.230

886

TABLE VIT REFERENCE MAGNET (S/N 456201)
20 GeV Minor Hysteresis Loop Data
(Twelve Set Average) |
Current Descending (from ~1466 A)
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Normalized Normalized .
Transductor Integral Of' Integral, s Induction, Effect1ye
Potential Magnetic /Bds Magnetic A Length,
E ’ Induction, - T Induction, - N /Bds
X /Bds X B X _ ‘ B
_(Volts) (Tm) (Tm/V) (Teslas)  _(T/V) (Meters)
8.040 | 6.477 0.8056 | 1.2310 0.1531 | 5.262
7.090 5.799 0.8179 - 1.1007 0.1552 | 5.268
6.146 5.062 0.8236 0.9603 ©0.1562 5.271
5.198 - 4,301 . 0.8274 0.8155 0.1569 5.274
4.247 3.526  0.8302 0.6685  0.1574 . 5.274
3.298 | 2.745 0.8323 0.5203 0.1578 | 5.276
2.350 1.960 0.8340 0.3713 0.1580 5.279
1.404 1.177 0.8383 0.2229 70.1586 o 5.280
0.458 . 0.403 ©0.8800 0.0767 0.1671 5.250

- TABLE VIII REFERENCE MAGNET = (S/N 456201) .
| 15 GeV Minor Hysteresis Loop Data
(Thirteen SetbAverage)
Current Ascending (from ~46 A)
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Normalized . Normalized .
Transductor Integral of Integral, . Induction, Effective
Potential Magnetic Bds Magnetic B Length,
’ Induction, o Induction, e . /Bds
Ey /Bds Ey B Ey B
(Volts) (Tm) (Tm/V) (Teslas) (T/V) (Meters)
8.040 6.477 0.8056 ' 1.2310 0.1531 5.262
7.090 o 5.849 0.8250 ‘ 1.1100 0.1565 | 5.269
6.146 5.107' 0.8309 - 0.9684 0.1576 5.274
5.198 ' 4,338 0.8346 0.8224 0.1582 5.275
4.247 ' 3.558 0.8378 ‘0.6743 0.1588 5.277
3.298 2.773 _ 0,8408 0.5255 0.1593 5.277
2.350 1.986 0.8451 0.3762 0.1601 5.279
1.404 1.198 0.8533 0.2267 0.1614 5.285
0.891. 0.0769 0.1675 : 5.310

0.458 0.408

~TABLE IX REFERENCE MAGNET ‘(S/N 456201)
15 GeV Minor Hysteresis Loop Data
(Thirteen Set Average)
Current Descending (from ~804 A)
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Effective Length Plots

November 20, 1981

' Figure 8 (page 25) shows effective length as a function of transductor

potential (15 GeV - solid line, 20 GeV - dashed 1ine)

Relative Strengths of Magnets

The relative strengths (integral of magnetic induction over particle tra-

jectory) of magnets S/N 456202 to S/N 456214 (relative to magnet S/N 456201) are

tabulated and plotted as functions of transductor potential (EX).

The tabulated reiative»strength data have been relegated to Appendix A for

three reasons:

1. They are not of

general interest.

2. To avoid tedious proof reading of typed tables of data, the tables in

Appendix A are not typed.

3. UYe will send Jack Truher a copy of Appendix A and anyone else who wishes

may request a copy.

~ Figures 9 through 21 each display four data sets (five for magnets S/N >10)

as follows:
: Minor Loop

Data Set: Symbol Maximum Energy

1 © 15 GeV

2 X 15 GeV>

3 A 20 GeV

4 + 20 GeV

5 O 15 GeV

(text continues on page 26)

Ascending/Descending

Ascending
Descending
Ascending
Descending

Ascending "Smoothed"
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In addition, the factor presently used to represent the relative strength of
eaéh{pagnet in the energy range 4 GeV < T < 15 GeV is displayed as a horizontal
line ontthe graph for that magnet. The fo]]bwing discussion on the subject of
relative strengths may be supplemented by examining Figures 9 through 21.

Oh February 14, 1980, a set of punched cards, listings of the cards and
computer generdted plots of ASBds vs EX were delivered to Jack Truher,.in»an
attempt to improve on the 15 GeV ascending data that had previous1y:been used
for setting magnet currents.. |

Truher analyzed these data and determined that in the range of energy
4-15 GeV that the relative strengths of each of the magnets 2- 14 could be
represented by a single factor. To combute those factors, he used the relative
strengths at ~425 A (~4.25 V transductor vbitage, 8 GeV point from each data
set). In his memorandum to MCC operators, dafed August 20; 1980, he summarized
his adjustments to the "NIT/SIT data'tabTes“.
| In preparing this report, we found that: |
1. Truher's single point fepresentation of strength differences is better than

a polynomial fit to un-smoothed data points because of flucuations in’
the ~46 A (~0.46 V transductor voltage, ~1 GeV) point;
2. Truher's single point representation 1§ probably accurate to +0.1% over the
' energy range of interest, i.e., 4 GeV < T < 15 GeV; |
3. a more accurate representation for each magnet could be arrived at by fittfng
a first order polynomial to selected data for each magnet (in the energy
range 4 < T < 15 GeV); _
4. below 15 GeV, the relative strength data from the 20 GeV minor hysteresis

lToop agrees with data from the 15 GeV minor-hysteresis loop;
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above 15 GeV, the re1ative-strength magnitudes systematically decrease.

We attribute this decrease to the effects of saturation. The reference
magnet has the smallest aberture of the 14 magnets. At Tower currents where
the perheabi]ity of the magnet ijron is so hfgh that strength is dominated

by the gap dimension, the strength differences are relatively constant (as
supported by Truher's single point representations of thebdifferences).
However, as saturation effects become more domjnant, differences in gap be-
come less important, resulting in decreasing magnitudes'of relative strengths.
If or when these magnets are operated over the 20 GeV minor hysteresis loop,

this effect should be accounted for.

some of the relative strehgth data sent to Truher on February 14, 1980 is

different from the data represented in this report. |

a. . The data for magnets 2-9 is identical. |

b. For magnets 13 and 14, the data.used by Truher agrees to +0.01%.

c.. For'magnets 10, 11 and 12 (and probably 13 and 14), we evidently
smoothed the data before delivering it, resulting in differences

as large as 0.05% for the data used by Truher as follows:

Difference in Relative

S/N Strength Data
10 0.03%
11 0.05%
12 | 0.03%

(text continues on page 41)
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A 20 GeV Ascending
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Relative Strengths of Magnets (continued from page 27)

d. One reason we smoothed data for magnets S/N >10 is that one of our
integral coils failed and was hot repaired for measuring the last five
magnets. The difference data for the last five magnetsIWerevconstructed
from measurements of the reference magnet and separate measurements.of
each subject magnet. Inspection of the data sets for the last five
magnets revealed significantly more scatter in the relative strength
‘data than in magnets 2-9, especially at Tow currents where small errors
in magnitude correspond to relatively high relative errors

(O.OO1*‘des{EX = Emin} v 0.0004 Tesla meters).

Sing]e Turn Flux Loop Data

Single turn flux 1odps were installed on the periphery of the lower pole as
an aid in identifying possible magnet faults (e.g., a shorted turn) without re-
moving the magnét from the beam-Tine. Table X Tists data collected while cycling
the magnets in two minor hysteresis loops.

For the 15 GeV Toop, we show the changes in flux linkage between the tips
of that hysteresis loop during both ascending and descending data acquisition
cycles. As expected, the differences between these two cycles are negligible.

For the 20 GeV loop, we show the change in flux linkage in traversing the
20 GeV hysteresis loop, but between currents’that correspond to the tips of the
15 GeV Toop. Although the currents are (nearly) 1dent1éa1, the flux linkage is
different due to hysteresis. The change in flux-Tinkage for the ascending'ZO GeV
Toop data is consistently about 0.1% greater than the corresponding change in
flux linkage between the end points of the 15 GeV loop. The corresponding flux
linkage changes on the descénding traversal of the 20 GeV loop are consistently
1.2-1.3% greater than the change in flux linkage bétween the end points of the

15 GeV Toop (and 1.1-1.2% greater than the ascending 20 GeV data).
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Magnet_ ff: o , N | o , -
4;2gin;lii;;f}' i : 15.GeV Loop : .. 20 GeV Loop
nnocoLi Ascend1ng Descending Ascending . Descending
1 Kif‘ 0.09159  0.09160 0.0917  0.0929
2__" | 0.0908  0.0908 0.0909 0.0921
3 0.0912 . 0.0912 0.0913 0.0925
4 ©0.0916 0.0916 0.0917 0.0929
5 0.0914  0.0914 0.0915 10.0926
6 “0.0012 0.0012 0.0913 0.0924
7 4, 0.0915 0.0915 0.0915 $0.0927
8 0.0917 - 0.0917 0.0918 0.0930
9 0.0915 0.0917 0.0916 0.0927
10 * * 0.0918 0.0930
- x « - x x
2 * * 0.0909 0.0921
13 0.0909 0.0909 0.0909 0.0921
14 ©0.0913 0.0912 ©0.0913 .. 0.0925

~*1-turn flux loop not properly connected to integrator input. Possible to
measure in place; D.:Ne1son<eétimate5‘1'da¥ ncluding travel to make the
necessary measurements -to complete the table zpower supply limitation
probably Timitsus to making 15 GeV measurements only).

P R L T
Data Tabulated: 42 = _x(15GeV) x(min) ’[.Wb ]
By Ex (15 Gev) - Ex(min) Volt

>

TABLE X  1-Turn Flux Loop Data
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A1l of these observations are consistent‘(qua]itative]y at Teast) with
our understanding of the effects of different histories on the resultant.

Starting with magnet no. 10, our measurement procedure changed and we inad-
vertently omitted some T1-turn flux loop measurements.  YWe could make measurements
to complete Table X. If requested, Don Nelson estimates that he and Ed Cyr could
make all the required measurements in one day, assuming'they have access to the
magnets and power supplies. If these édditiona] measurehents are requested, we
recommend fepeating measurements 6f magnet no. 1 for reference. If time allowed,
magnets 4, 5, 7, 8 and ¢ sHou]d be retested also, since the changes in flux
linkage for thoée magnets are suspiciously simi]ar’to the changes in the reference
magnet, and it is possible that we may have forgotten to make the proper con-
nection at the time of measurement.»

| Anaiysis of the 15 GeV loop data led Nelson to the following conclusions:

1. Reproducibility of setting current with the DAC and of monitoring the associ-
ated current was ~+0.25 A-over the course of these tests, introducing an
uncertainty of n£0.03% in thé 1-turn flux ioop data.

2. a. The standard deviation of Aﬂ/AEX for thirteen measurements of the refer-
ence magnet's T-turn flux loop is n0.034% of the average value reported
in Table X. (The total épreadvin the change in flux linkage between the
15 GeV end points was 0,08% of the average value during thé entire 1978
measurement period.)

b. From the same data, the standard deviation of AP separately is 0.02% of
the average of A@, suggesting that the current settiﬁg hardware (DAC and
power supply transductor provided by SLAC) is more reproducible than the

current monitoring hardware (transductor % DVM),
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DISCUSSION

Maghetic Conditioning

‘fn April, 1978, we attempted to establish a magnetic conditioning procedure,
f.é., a current cycling routine that would insure reproducibility of magnet
strength (s/Bds) as a function of transductor potentiaT. The questions posed were
(1) Is it practical to relate magnet strength to transductor potential by re-
peated cycling between current limits that define a minor hysteresis loop?

(2) If so, how many cycles are required to establish reproducibility within +0.1%
in the energy ranges 4 GeV < T < 15 GeV and 4 GeV < T < 20 GeV?

We first established that effective length (sBds/B;) was relatively insen-
sitive to conditioning procedures and hysteresis.(seg Figure 8 for corroboratfbn).
We then measured magnetic induction with a NMR at transductor pofentia]s corre-
sponding to eight energy levels in the range 4 GeV < T < 20 GeV. - Approximately
120 measurements were made on the ascending portioh of two minor hysteresis loops
after having preset the magnet current to one of three levels (~-800 A, +800 A
and +1466 A). |

From these measurements, we concluded that after three cycles between the
extreme currents of either minor hysteresis loop, magnetic quantities can be

reproduced at all currents (to less than 0.1% of the 15 GeV values).

~ Systematic Error Source (Due To Few Conditioning Cycles)

Although that conclusion is correct and can be applied to magnet strengths
on either the ascending or descending portions of the two minor hysteresis Tloops,
the improper application of this information may have introduced a systematic

error of a few tenths of one percent at the lowest magnet strengths of interest.
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A mechanfsm for a systematic error in the magnetization data follows.

The establishment of an exactly reproducible minor hysteresis Toop requires
an infinite number of cycles. |

Based on the data we examined, magnetic induction in three cyc1es approaches
asymptotically the "final" values and is within 0.1% of these "final" values.
We first measured magnet quantities at the upper enefgy during one current
cycle (say cycle #4). Several cycles later, we measured the differences in
magnetic quantities (strengths) between the upper energy and selected current
Tevels -on the descending portion of the next three cycles, e;g., 7, 8, and 9.
Next, we measured the differences in magnetic quantities at the same sé]ected
curreht levels on fhe ascending portion of the next three cycles, e.g., 10,
11 and 12.
After routine processing, the difference values were added to the upper energy
va]ues to produce magnetic quantities for each of the lower energies.

We believe that between the 4th and 12th cycles, the magnetic quantities at
the 15 GeV level decreaéed a maximum of about 0.05%. The error introduced

in the 4 GeV final value is 0.05% 15/4 % G.2% of the 4 GeV value.

In addition, because we were not aware of this systematic error, we were

not consistent and did not bother to record the complete history of measure-
ments.

The Tow current of both minor hysteresis loops corresponds to ~1 GeV; so the
corresponding error introduced by this mechanism is 0. 9%. Although 1 GeV
is out of the operating range, variations in the reported magnetic quantities
corresponding to the lowest magnet current have raised questions on the

quality of the data.l?
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20/20 Hindsight

If we had the opportunity to rewrite the test plan for testing the B-3

type dipoles, knowing what we know now, we would consider the following:

1.

It would have been helpful and increased our confidence in the reported
accuracy to have had direct measurements 6f B and fBds at the lower point
on the two minor hysteresis loops (i.e., in/out data at Emin as well as at
Emax) -

We took a great risk in waiting until the end of the measurement program to
determine the sensitivity of the integral coil, L-45. An absolute ca]ibra-'

tion should have been done early in the program and repeated periodically.

It may have been false economy to have used the computer mapper as-adata logger

for this project. :Although there was pressure during the:planning stageSEto.
minimize :investments in:hardware and :software, it probably would have been
cost effective to have immediate data processing capabilities in the field.
The conditioning of magnets to produ;e a standard minor loop following a
higher excitation is slowed by a low current-setting rate, e.g., 10 A/sec.
Differences per cycle were small and nearly undetectable, but cumulative
changes after many cycles were apparently the cause of most of the uncer-
tainty in final values of sBds. This problem was only identified during
post measurement data analysis.

The effective length plot (Figure 8 on page 25) is a sensitive indicator of
internal consistency in our measurements of B and sfBds. Examination of
either the 15 GeV or 20 GeV data ébove 4 GeV suggests reproducibility better
than 0.1% in both B and sBds. It is not clear why the two curves differ by

as much as 0.25% at the low end.

N
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SUBJECT

Relative Strength (AsBzds) Tabulations November 20, 198]

The tables in Appendix A of MT 301 were prepared in July, 19811 The data were
extracted from summary listings of the data processing program BCOMAOO which were
produced on January 24, 1980, MME Book No. 579-L.

The AsBds data from the 1istings have been roundéd to 10‘-3 Tesla meters, 0.05%
of the lowest value of fBzds of interest. The values of Ex'are approximate as ASBds
is not strongly dependent on Ex. Similarly, the 13 set averages of the 15 GeV
ascending or the 20 GeV ascending data sets were used for computing the % variation
with respect to the reference magnet ( S/N 456201 ) for both the ascendihg and
descending relative data. Those 13 set averages are saved in MME Book No. 579-G.

Because most of the signs of AfBds were negative, I defined -a (the quantity
plotted) and tabulated A. The reference magnet isvstronger than the other 13 magnets
and - signs in the tables are due to imperfections in the déta. -

The next 13 pages (1 per mégnet) represeht 4 data sets for each magnet. The
columns are upper energy (minor hysteresis Toop designation); E, > (nominal) transductor
potential, {volts}; and two columns each for ascending and descending values of
AfBds. The first column is in Tesla-meters. The second column is in % of fBds of the
reference magnet (S/N 456201). The 15 and 20 GeV data sets are interspersed.

The final page of Appendix A is an alternate representation of the ascending

15 GeV data set for magnets S/N 456210 — - S/N 456214. It is included because

1) it differs slightly from the corresponding data described above? and 2) it corre-
sponds to the data delivered to Jack Truher on February 14, 1980. The differences

(~0.05%) are due to some smoothing operation performed on the earlier delivered data.
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expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
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Reference to a company or product name does
not imply approval or recommendation of the
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Department of Energy to the exclusion of others that
may be suitable.




) T
TR

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
‘ UNIVERSITY OF CALIFORNIA
'BERKELEY, CALIFORNIA 94720

WP



