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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  
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I. 

E. Bleser 
July 2, 1990 

INTRODUCTION 

This note consists of three parts. Part A is a progress report on the recent production 
measurement results for the short Booster quadrupoles. Similar reports will be issued 
periodically. Requests for additional information in such reports will be thoughtfully considered. 
Part B is an example of a detailed report which is generated for each magnet. These reports will 
not be given wide circulation, but they will be stored as part of the permanent record for each 
magnet. Any suggestions or comments will be gratefully received. Part C is a data sheet for 
the Booster short quadrupole. It is intended as a replacement for Table 3-5 of the Design 
Manual. This data sheet is being built into the Booster data base, which should provide for easy 
updating and distribution. Any comments for criticisms will. be promptly acted upon. 

A. PRELIMINARY REPORT ON RECENT RESULTS 

This note reports on results for four Booster short quads: BMQOO3, BMQOOS, BMQO06, 
BMQOO7. The magnets were measured by the AD Group and the results were reported in their 
TMG Series of notes as well as being made available to use on the VAX computer. This 
measurement effort is intended to monitor the production effort of the factory. 

The nomenclature we shall use is as follows: 

B,(X) = B, + B, * X + B, . X2 + B,j . X3 + . . . 

B,(X) = A, + A, * X + A, * X2 + A,, . X3 + . . . 

In a quadrupole the only allowed terms are B,, B,, etc. 

All the measurements are DC and are made with a rotating coil, which is 36.5 inches 
long and projects well outside the ends of the magnets. Therefore, all our data are in the form 
of integrated field values, written as B, - Lefl etc. Figure 1 shows a typical plot of B, - Leff, the 
integrated gradient, versus the current, I. Figure 2 is a more interesting plot of the integrated 
gradient divided by I versus I. This shows quite clearly the saturation effect at high currents and 
the residual field effects at low currents. The relative measurement accuracy is shown in Figure 
3 which compares the results on the same magnet of two separate measurements between which 
the measuring apparatus was disassembled. We claim a relative accuracy of one part in ten 
thousand. 

The accuracy required in manufacturing the magnets is that the rms spread in the 
fractional variation in the value of the integrated field be less than one part in one thousand. 
This corresponds to a spread in the average value of the radius of the quadrupoles of 0.001 7 
inches. Figure 4 shows the standard deviation of the fractional differences from the mean of the 
integrated gradient of these four magnets. We conclude that up to 4000 amps the magnets agree 
to 2 parts in ten thousand. Above 4000 amps the spread is 4 parts in ten thousand. This could 
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be real or instrumental. Thus, we are beating the allowed tolerance by factor of five. The 
assembly procedure is producing magnets that are good to 0.000 3 inches. 

Since the quadrupoles are so very precise we also find that the higher order field terms 
are also very good. Figure 5 shows the average value and the standard deviation of the measured 
higher harmonic fields as a fraction of the theoretically specified tolerance. Note that except for 
B5 and A3 all these terms are on the average consistent with :zero as they should be. Note also 
that they are all at the level of a few per cent of the allowed tolerance. Since B, is an allowed 
term it might well differ from zero. That A, differs from zero is interesting and is being studied 
with all the urgency that we can devote to an one per cent problem. 

Our conclusions are that the magnets are identical and that the field shape is very good. 
The factory is running well. Questions we must still deal with are the absolute value of the 
integrated field, the eddy current effects, and some loose ends similar to the A, problem. 
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Bl *Leff/l vs I 
BMQ006 Fig 2 
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[Bl *Leff/l(Q7A) - Bl *Leff/l(Q7)]//[Bl *Leff/l(Q7)] 
MEAN DIFFERENCE(800-5000 AMPS) = [0.6 + - 0.9]E-04 Fig 3 
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STANDARD DEVIATION of FRACTIONAL DIFFERENCES 
BMQ003,005,006,007 Fig 4 
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B. STANDARD MEASUREMEN TREPORT 

The appended report will be generated and permanently stored for each magnet. it is 
intended to be self-explanatory. Therefore, no explanation will be given. If you do not 
understand it, please address your questions to the author who may well have lapsed into 
incomprehensible jargon. 



ANALYSIS of FIELD SHAPE MEASUREEENTS 
--------L----_--~---_-----~~--~~_~__-~~--~_-~~~~ ----_---_------~~--__--_--~~_-~~_-~--~~-~~~~~~~~ 
MAGNET TYPE BOOSTER SHORT QUADRUPOLE 
MAGNET NUMBER BMQ007 
RUN NUMBER BMQ007.1035Y 
DATE of MEA,SUREMENT 10 Apr 90 
DATE of ANALYSIS 29-Jun-90 
----_--__--_---_---------------------_---_--~-_- -_--_--__-__---_---------_---------------------- 

.?;T;3RT SUMMARY of MAGNET QUALITY 
----------L------_---------- ----------_--_--__-__------- 

SUMMARY of QUADRUPOLE FIELD RESULTS 

B:*Leff,/I @ 2500 A 0.09108 Gti:m,.'(cm*A) 
Bl*Leff/'I @ 5000 A ,J .Oti497 G*m/i zrn*A) 

SATURATION EFFECT 1.07187 

SUMMARY of HARMONIC CONTENTS 

AVG STD DEV UNITS 
B2/B: -3.18E-c:)6 2_2E-06 cm<.-1 
AZ/B1 6_22E-836 2.3E-06 cm*-1 

E3/Bl 1_79E-137 3_4E-07 cm*-2 
A3,'Bl -1.16E-05 3_OE-07 cm'-2 

B4/Bl 2.773-07 8_5E-08 cm^ -3 
A4,'E: 3_44E-C7 9_8E-06 --3 cm 

B5/B1 8_60E-08 1_8E-08 cm--4 
A5/Bl -8.533-08 2_7E-08 cm--4 

SUMMARY of ALIGNMENT PARAMETERS 

x0 -1.763-02 iZ.OE-04 
-6.9 0.3 :""Ol INCHES 

YO 5_95E-03 l.lE-d3 
r)3 ir _ cl 0.4 ;"OOl INCHES 

Theta -6_32E-051 5_1E-05 radians 

SUMMARY of RESIDIJAL FIELDS 

Bo*Leff 0.513 Gauss*m 
Ao*Leff 0.009 Gauss*m 

Bl*Leff 0.244 Gauss*m/cm 
Al*Leff 0.007 Gauss*m/cm 



I%SIC MEASUREMENT RESULTS 
-_------------~~-~--_~~~---- -_---__-----_--------__----- 

? 
AM& 

El*Leff Bc*.Leff 
Gauss*m/cm Gauss*m 

1 0.005 
2 -0.011 
3 24.586 
4 49.522 
5 74.484 
6 99.391 
7 149.206 
8 199.167 
9 398.579 
10 598.228 
11 797.531 
12 997."62 
13 1495:95 
14 1995.08 
15 2494.14 
16 2993.4 
17 3492.57 
18 3991.86 
19 4491.09 
20 4990.72 

0.244 0.513 
0.242 0.511 
2.453 0.472 
4.699 0.432 
6.965 c-390 
9.215 c-352 
13.748 0.279 
13.272 0.207 
36.397 -0.092 
54.562 -0.450 
72.750 -O.t;, '7 3 F 
90.966 -1.007 
136.418 -1.774 
181.863 -2.635 
227.170 -3.5(30 
272.156 -4.073 
216.457 -4.977 
358-632 -5.841 
394.599 -6x.714 
424.084 -7-808 

I Al*Leff Ac*Leff 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

AMPS Gauss*m/cm Gauss*m 
0.005 0.007 0.009 

-0.011 0.007 0.015 
24.586 -0.008 0.023 
49 lx;c)3 .J&& -0.003 0 _ 040 
74.484 0 029 0.059 
99.391 0:003 0.055 
149.206 0.003 0.102 
199.167 -0.007 0.1.38 
398.579 -0.038 0.253 
598.228 0.005 0.345 
797.531 0.011 0.498 
997.262 0.034 0.644 
1495.95 -0.033 0.846 
1995.08 -0.036 1.078 
2494.14 -0.022 1.368 
2993.4 -0.028 1.880 

3492.57 -0.016 2.097 
3991.86 -0.020 Ir.LLC 3 CI c) 

4491.09 -0.032 1.874 
4990.72 0.006 1.330 

B2TLeff 
G*m,'cm- 2 
-5_1E-06 
1_5E-04 
3_OE-05 

-1s7E-06 
2_6E-04 
2 4E-05 
;: 3E-C'6 
1.5E-04 
1_8E-05 

-1.3E-I)4 
-1_9E-04 
-1_5E-05 
-d _ J Q "E-05 
-6_2E--04 
-9_5E-04 
-1_6E-03 
-2.l.E-03 
-3_3E-OZ? 
-?.7E-03 
- 1 T'E-02 A.i 

A2*Leff 
G.*m/cm" 2 
1_3E-C75 
6_9E-C!5 
1_4E-04 
2.3E-04 

-3.73-05 
3_4E-04 
2_2E-04 
2_OE-04 
3_6E-04 
6.3E-04 
4.93-04 
5.63-04 
3_5E-04 
l.OE-03 
1.5E-03 
1.7E-03 
1_7E-03 
4_OE-03 
l.lE-02 
1_7E-02 

23* Le ff 

G*.m,/cm.’ 3 

- 6 .!JE-05 
-5_2E-05 
-3 6E-C!5 
-3:3E-'35 
-5.4E-05 
-3_lE-05 
-5_4E--05 
-5_6E-06 
-2_4E-05 
-1.1r-05 
-4_OE-05 
-l.?E-05 
-6_6E-05 
-0_3E-05 P 

-4_7E-05 
-6_6E-05 
-4_OE-05 
-r/ 7E-05 
-4:7E-05 
6_6E--06 

Az:fLeff 

G*m,'zm*3 
-l_lE-05 
9_3E-06 
2.23-05 

- iY 1E-05 
-kE-05 
-4_3E-05 
-l.lE-04 
-1_9E-04 
-4.OE-04 
-6_2E-04 
-8_5E-04 
-l.OE-03 
-1_7E-03 
-2.lE-03 
-2_6E-03 
-3_2E-03 
-3_6E-03 
-4_OE-03 
-4.5E-03 
-5_OE-03 

E4*Leff 95*Leff 
G*.m,*'crr “ 4 G*m/cm^ 5 
-6_6E-06 -3_91E-i?6 
-6_OE-06 -7.40E-06 
-2.93-36 7_92E-06 
5.63-06 -3_71E-06 

-7.8E-06 8.363-06 
l.lE-05 2_72E-06 
8_3E-06 -3_66E-06 
5.X-06 @.00001@3 
1.3E-05 5.92E-06 
2.OE-05 -1.63E-06 
7_5E-06 6_46E-06 
1_9E-05 2_15E-06 
2_6E-05 0.00001: 
4_5E-05 0.0000124 
5_1E-05 0.0000185 
5 3E-05 
7:4E-05 

0 0000137 
6_34E-08 ' 

5_8E-C5 -3_21E-06 
7_OE-05 -l.!%E-05 
8.63-05 -4_59E-05 

A4*Leff A5 
G*m./cm^4 '- u*m,/cm -5 
-:.5E-05 1_80E-06 
-4.3X-06 -2_54E-06 
-4_lE-06 -2_48E-06 
-1_9E-05 -5_90E-06 
-3_lE-06 3_82E-07 
5_5E-06 3_15E-06 
8.43-06 1_63E-06 
l.lE-05 -4.443-06 

-5_9E-06 3_64E-06 
-%.OE-06 -1_02E-05 
2.5E-05 -4_29E-06 
2.6E-05 -6.313-06 
2_8E-05 -1_62E-05 
5.OE-05 -9_45E-06 
4_3E-05 -l.lOE-05 
6.2E-05 -2.173-05 
8.43-05 -1_63E-05 
l.OE-04 -2_99E-05 
8_6E-05 -1_46E-05 
7_OE-05 -2_39E-05 
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~;?ADIENT and POSITION ANALYSIS 
Residual Field Subtracted 

_______-_--------------------------~--- 

Theta . . 

I El*Leff/I El*Leff/!: Al/Z!1 Eo/il AcY& 

AMPS G~m,/(cm*A)G~m,'(em*-A radians cm CIl-i 

1 0.005 
.-a 
i -0.011 
7 
i 

24.586 
49.522 

5 74.484 
6 99.391 
7 149.206 
8 199.167 
9 398.579 
10 598.228 
11 797.531 
12 997.262 
13 1495.95 
14 1995.08 
15 2494.14 
16 2993.4 
17 3492.57 
18 3991.86 
19 4491.09 
20 4990.72 

0 09977 
0: 09489 
0.09352 
0.09275 
0.09214 
0.09174 
0.09132 
0.09121 
0.0912=: 
0.09122 
0.09119 
0.09116 
0.09108 
0_09C!92 
0.09061 
0.08984 
0.08786 
0.08497 

AVERAGE(600 to 5,000 Amps)= -6_32E-05 -1_76E-CI~ 5_95E-03 
STANDARD DEVIATION = E;.lE-05 8_OE-04 l.lE-03 

O.Oe986 -6_99E-03 -1_38E-0' 
0.06997 -2_32E-03 -1_83E-02 
O.OgQ25 3 -223-03 -1_83E-02 
0.09030 -5_41E-04 -1_80E-02 
0.09051 -3_56E-04 -1_73E-02 
0.0905,3 -8.173-04 -1_70E-02 
0.09071 -4_37E-04 -1_67E-0: 
0.09080 -3.73X-05 -1_?7E-C2 
0. 09091 4_55E-05 -1.71.E-02 
c _ QgQg7 -3 C)r\T;'.-(!C ..-,U ..J -1_6gE-::2 
0.09103 -7_86E-05 -1_68E-02 
0.09103 -7 .37E-05 -1_73E-02 
0 09096 -1_31E-04 -' ?7E-02 
Ok;084 -1_31E-'24 -;:69E-32 
CI.CgO54 -7_48E-05 -1_?4E-(22 
(?.OE;978 -?.52E-05 -1.779-02 
r).Oe781 -l.OlE-04 -l_83E-02 
0 . 06493 -2_9"E-36 -l.SEE-02 

6_59E-03 
7_38E-03 
7_42E-03 
5 lqE-.03 C.IV 
6_gCE-03 
7 .ISE-03 
c ,.75E-03 
6.16,0-03 
6 ""C-c‘2 .I-tti , 
7 _ 03E-.r!z 

6_15E-03 
5_89E-03 
5 cJC!r;._C7Q .LCU 'JV 
5 _ g.F,E- $2, 

6_6OE-3.3 
6.:gE-03 
4_73E-03 
3_12E-03 
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-~QK)NIC CONTENT .__I 
----__---__------- 

I Bl*Leff,'I 
AMPS G*mm../!crr‘,A! 

1 0.005 
*:; 0 (30 1 _ 

3 24 -586 0.1:19977 
4 49.522 O-09489 
5 
E @-fgf 

?49_ii?S 'o- 

fya,acz 
. *I.- A.. 7, 

7 c, I_ 09214 

8 199.167 0.09174 
9 f:98 -579 0.0913" 
10 598.'-'38 LI 9.(,9121 

1 
I 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

BG,.A~~ E3/E?l 
cm cm-_1 

- 0 _ 0 19 1 EC!E-05 _ 
- fj _ r:, 18 7_67E-07 

l.lOE-35 
6_15E-06 

4_38E-07 
3_31E-06 
1_01E-06 
8_92E-07 
','.77E-C7 
4_74E-07 

-1 _L. _ GC(E_-{J7 ‘_’ - 
-1 _ _ 2:‘3E-C)7 

5 _ ?J_E-!:,8 
c. 

-.-_i, ?8&9S,9 

S.lYE-08 
S.Q5E:-Oti 
<, 1-1 _22E-08 
1_57E-07 

T 

AMFS 
0.005 

-0.011 
24.586 
49.522 
74.484 
99.391 
149.206 
199.167 
398.579 
598.228 
797.531 
997.262 
1495.95 
1995.08 
2494.14 
2993.4 

3492.57 
3991.86 
4491.09 
4990.72 

Al/El A0 /El A2 /‘El A3/E?l A4,.'Bl 
radians cm cm--l cm--2 cm--3 

-7_OE-1?3 0.007 5_70E-05 1.493-05 4.9E-06 
-2_3E-33 0.007 4_89E-05 -9.093-06 -9_3E-07 - 
3.2E-03 0.007 -7.463-06 -8_93E-06 1_8E-06 

-5.4E-04 0.005 3.673-05 -3_56E-06 2_3E-06 
-3.63-04 0.007 1_53E-05 -7.283-06 1.7E-06 
-8_2E-04 0.007 1_02E-05 -l.OOE-05 1.4E-06 
-4.43-04 0.007 9.483-06 -1_08E-05 2_5E-07 
-3_7E-05 0.006 1_14E-05 -1_13E-05 2.4E-07 
4.93-05 0.007 6.523-06 -l.l5E-05 5_4E-07 

-3.93-05 0.007 5.993-06 -1_13E-05 4.5E-07 
-7_SE-05 0.006 2.473-06 -1.223-05 3_lE-07 
-7.4E-05 0.006 5.583-06 -1_17E-05 3.63-07 
-1_3E-04 0.006 6.45E-06 -1.15E-05 2.6E-07 
-1_3E-04 0.007 6.163-06 -1_16E-05 2.8E-07 
-7_5E-05 0.007 5.213-06 -1_13E-05 3_1E-07 
-7_5E-05 0.006 1_13E-05 -l.lZE-05 3.33-07 
-l.OE-04 0.305 2_70E-05 -1_13E-05 2.63-07 
-2.93-06 0.003 4.083-05 -1_18E-05 Z.OE-07 

E4.031 
zm’-2 

1 
A_ 7E-06 
2_7E-06 

-&8E-07 
i.(!E--$6 
l_lE-06 
6_5E-07 
5_4E--07 
4_9E-'37 
i. SE-C?? 
T, BE-07 i. 
Z_4E--e7 
2_SE--07 
'-, 6E-(>7 ‘.... 
3 "F-07 L--U- 
?_6E-27 
1_8E-07 
1_9E-97 
2 .2E-07 

2.??E-07 

ES /‘I3 1 
cm ‘-4 

5_4E-06 
4_6E-08 
1.8E-06 
?.4E-07 
1.8E-08 
?.9E-07 
2.?E-07 
4 qE-:‘,&' 
l:iE-(?7 
6_7E--08 
7 *_ ?E-07 
S.OE-08 
S.SZ-09 
6.5E-08 
1_3E-C!P, 
2.CiE-'39 

--3. OE-CP, 
--S-SE-OE: 

A5,'Bl 
cm*-4 

-1.9E-06 
-l.?E-06 
-2_3E-07 
1.5E-07 

-1_3E-08 
-3_5E-07 
5.1E-08 
-2_2E-07 
-8.4E-08 
-8.93-08 
-1.3E-07 
-6_2E-08 
-5.63-08 
-8_6E-08 
-5.73-08 
-8_8E-08 
-4.23-08 
-6.lE-08 

AVERAGE(600 to 3500 Amps)= 6.22E-06 -1_16E-05 3.443-07 -8.53E-08 
STANDARD DEVIATION = 2.33-06 3_OE-07 9.83-08 2.73-08 
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Bl*Leff/l vs I, BMQ007 
29-Jun-90 
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Xo, Yo vs I, BMQ007 
29-Jun-90 
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C. DATA SHEET FOR SHORT QUAD 

The appended data sheet (which at press time may still contain some blanks to be filled 
in, labelled NA) is an attempt to provide a fairly complete description of a magnet. It will be 
incorporated into the Booster data base (E. Auerbach). If the categories are not clear, if the data 
is in error or incomplete, or if their are insufficiencies or redundancies please comment to the 
author. 
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shall acknowledge just one, Rich Riesen, who is personally setting up and carrying out the 
measurements on every one of the Booster main magnets. 

The conclusion of this note, that the Booster quadrupole is very good, is a tribute to 
Gordon Danby and John Jackson who designed and developed this magnet, to those people who 
carried out the engineering of it, and to the careful group that is building it. 
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PARAMETER SHEET FOR BOOSTER SHORT QUADRUPOLE 

Issue Date: September 1, 1990 

PROTOTYPE NAME BMQ (BOOSTER MAIN QUADRUPOLE (Short)) 
MAGNET CLASS QUADRUPOLE 
NUMBER OF MAGNETS 24 PLUS 1 

INCHES 
MILL- 

METERS 
OTHER REF 

MECHANICAL 

CORE 

Lamination Length 

Tolerance Specified 

Tolerance Measured 

Structural Length 

Coil Length 

Overall Length 

Aperture Shape 

Radius at Pole Tip 

Tolerance Specified 

Tolerance Measured 

Pole Width 

Core Height 

Core Width 

LAMINATIONS 

Material 

Coating 

Coating Thickness 

Overall Thickness 

Approx. Lams per Block 

Quadrant Block Weight 

Tolerance Specified 

Tolerance Measured 

0.0003 

5.125 

25.3 

25.3 

0.008 

130.2 

642.6 

642.6 
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INCHES MILLI- OTHER 
METERS 

VACUUM PIPE 

Height - Outside 6 152.4 

Width - Outside 6 152.4 

Wall Thickness 0.063 1.6 

Tolerance Specified 0.003 0.1 

Tolerance Measured 

Half Height - Inside 

Half Width - Inside 

Material 

Resistivity 

Tolerance Specified 

Tolerance Measured 

MAIN COIL 

NA NA 

2.937 74.6 

2.937 74.6 

INCONEL 625 

129 MICRO-OHM CM 

2 MICRO-OHM CM 

NA 

REF 

b 

b 

b 

b 

b 

b 

COIL 

Turns Per Pole 

Poles Per Magnet 

Resistance Per Magnet 

Inductance Per Magnet - DC 

Inductance Per Magnet - 1 k 

CONDUCTOR 

Material 

Shape 

Width 

Height 

Cooling Hole Diameter 

Area 

Length Per Pole 

Length Per Magnet 

5 

4 

0.83 MILLIOHMS g 

0.38 MILLIHENRY g 

0.35 MILLIHENRY g 
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INCHES 
MILLI- 

METERS 
OTHER REF 

INSULATION 

Material 

Thickness 

EPOXY FIBERGLASS 

0.152 1 3.86 

a 

a 

COOLING 

Circuits Per Magnet 2 a 

Flow Rate Per Magnet 1.6 
LONS/MINUTE 

PSI 

DEGREES F a 

Imax (PS Limit) 5700 

Current Density @ Imax 5026.5 7.8 

DC Power @ Imax 27 

Stored Energy @ Imax 6.2 

AMPERES c 

AMPERES/AREA 

kWATIS 

kJOULES 

II TUNE TRIM COIL 

II COIL 

Turns Per Pole 1 

Poles Per Magnet 4 

Resistance Per Magnet 0.63 

Inductance Per Magnet - DC NA 

Inductance Per Magnet - 1 k 16 

a 

MILLIOHMS g 

MICROHENRY 

MICROHENRY g 

CONDUCTOR 

Material 

Shape 

COPPER - ETP 

RECTANGULAR 

a 
I 

I a 
Width 1.5 38.10 

Height 0.1872 4.75 

a 

a 

Cooling Hole Diameter NAPP NAPP 
I I I 

I 0.2808 I 181.2 I IN. SQ. mm SQ. 1 
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INCHES 
MILLI- 

METERS 
OTHER 

Length Per Pole 52 1321 

Length per Magnet 232 5893 

INSULATION 

Material 

Thickness 

Tolerance 

Ground Test 

Impulse Test 

COOLING 

Circuits Per Magnet 

Flow Rate Per Magnet 

Input Pressure 

Temp. Rise @ RAMP to Imax 

CURRENT 

Imax (PS Limit) 

Current Density @ Imax 

DC Power @ Imax 

Stored Energy @ Imax 

STOP BAND TRIM COILS 

700 

2493 

0.31 

3.9 

AMPERES 

AMPERES/AREA 

kWAl’TS 

JOULES 

REF 

a 

a 

a 

C 

C 

C 

COIL 

Turns Per Pole 

Poles Per Magnet 

Resistance Per Magnet 

Inductance Per Magnet - DC 

Inductance Per Magnet - 1 k 

2 

4 

300 

NA 

64 

a 

MILLIOHMS 

MICROHENRY 

MICROHENRY 

CONDUCTOR 

Material 

Shape 

Width 

Height 

COPPER - ETP a 

ROUND #8 WIRE a 

0.129 3.28 a 

0.129 3.28 a 
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Cooling Hole Diameter 

Area 

Length Per Pole 

Length Per Magnet 

INCHES 
MILLI- 

METERS 

NAPP NAPP 

0.01307 8.4 

104 2640 

444 11280 

OTHER REF 

IN. SQ. mm SQ. 

INSULATION 

Material 

Thickness 

Tolerance 

DC Test 

1 kHERTZ Test 

COOLING 

Circuits Per Magnet 

Flow Rate Per Magnet 

Input Pressure 

Temp. Rise @ RAMP to Imax 

GlO EPOXY a 

0.033 0.84 a 

5 kVOLTS c 

3 kVOLTS c 

NAPP 

NAPP 

NAPP 

NA DEGREES F 

CURRENT 

Imax (PS Limit) 50 

Current Density @ Imax 3826 

DC Power @ Imax .75 

Stored Energy .08 

5.9 

AMPERES c 

AMPERES/AREA 

kWATTS 

JOULES 

MAGNETIC PROPERTIES OF THE MAIN COIL 

SYSTEMATIC TOLERANCES 

bn = Bn/BO, an = An/A0 

n=l 

n 2 = 

n=3 

n=4 

n 5 = 

n=6 
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RANDOM TOLERANCES 

bn = Bn/BO, an = An/A0 

/ SPECIFIED 1 ;;I 

n 0 = 

n=l = 

n=5 

n=6 

[RED 

an 

TYPICAL MEASUREMENTS 

BlxLeff@I=O 0.25 (G/cm)xm e 

Bl x Leff/I 

@200 AMPS 

@600 AMPS 

@2500 AMPS 

a5000 AMPS 

SATURATION EFFECT 

5000/2500 

CALCULATIONS 

Bl/I 

@200 AMPS 

@600 AMPS 

a2500 AMPS 

a5000 AMPS 

a5700 AMPS 

SATURATION EFFECT 

5000/2500 

Leff 

@200 AMPS 

@600 AMPS 

a2500 AMPS 

@5000 AMPS 

0.09172 (G/cm)xm/A e 

0.09123 (G/cm)xm/A e 

0.09105 (G/cm)xm/A e 

0.08494 (G/cm)xm/A e 

6.67% 

0.1845 (G/cm)/A f 

0.1851 ’ (G/cm)/A f 

0.1853 (G/cm)/A f 

0.1817 (G/cm)/A f 

0.178 (G/cm)/A f 

1.94% 

0.497 meters 

0.493 meters 

0.491 meters 

0.467 meters 
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@5700 AMPS I NA I 

POLE TIP FIELD 

@200 AMPS 305 G 

@600 AMPS 917 G 

a2500 AMPS 3824 G 

@5000 AMPS 7500 G 

@5700 AMPS 8375 G 

MAGNETIC PROPERTIES OF THE TUNE TRIM COIL 

TYPICAL MEASUREMENTS 

Bl x Leff/I NA 

B5 x Leff/I NA 

CALCULATIONS 

Bl/I 0.03706 (G/cm)/A 

Leff NA 

MAGNETIC PROPERTIES OF THE TUNE TRIM COIL 

TYPICAL MEASUREMENTS 

Bl x Leff/I NA 

B5 x Leff/I NA 

CALCULATIONS 

Bl/I 0.07412 (G/cm)/A 

Leff NA 
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