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Introduction & Test Plane 

Engineering Note i·H 273-A (LBID·087-l) summarizes extensive measurements con
ducted for the first TFTR Three Channel Deflection Magnet (Magnet No. ~). A 
tenative test plan for measuring four additional magnets \'las distributed in our 
December llt 1979 memo to Ken Lou. Subsequent discussion with Ken Lou resulted 
in an increase in the number of measurements as listed below: 

1. Measure By(O,O,O)* for magnet currents of 0, 100, 200, 300, 

400, 500. 600, 700, 800, 900 (Amperes). 

2. Check the polarity of By• 

3. Determine coil resistance by measuring potential drop across 
each coil partr for the coil current le~els in 1 above. 

·Measurements were to be made for each channel for a total of 12 sets of data 
with an overall accuracy of ± 1%. There were no "field-profile" measurements, be
cause fabrication tolerance~ were adequate to assure adequate similarity to Magnet: 

No. ~. There are no Hall probes installed on t•1agnets 1 through4. 

Results 
~-~ 

~Je have attempted to display the data so that each of the sections of l"iagnets 
1 through 4 can be compared with the Center Section of f•1agnet No. 0. Figure 1 is 
a plot of By(OeO,O) vs. I. The curve plotted in Fig. 1 represents the average of 
11 sections of t··1agnets 1 - 4 (Tile Left-Hand Section of ioiagnet i~o. 3 is not inCluded 
in this average because it was measured at different values of magnet-current than 
the remaining sections of Magnets 1 - 4). The points plotted in Fig. 1 represent 
measurements of the reference magnet (Magnet No. 0- Center Section). 

In order to display small variations between_ data-sets, tne remaining plots 
are of the quantity (B- 3.15 *I) vs. I. Figure 2 shows a point-plot of all the 
data presented in this note superimposed on a curve representing the Center Section 
of Magnet ~. The dashed lines represent a deviation of ± 1% of By(O,O,O) from the 
curve representing the Center Section of r·1agnet 1/J. Eacn magnet data is also plotted 
sepd.rately (~·Jitn the same reference curve) as .shown b.Y the figures .listed in Table 1. 

* The coordinate system is described in Reference 1 (Page 8) 

-------·------ ---··--·- -- --------------------------.------·---------



( 

( 

', ''··LAWRENCE BERKELEY LABORATORY- UNIVERSITY OF CALIFORNIA PAGE, ' 

·.ENGINEERING NOTE I 
BOOK NO. 

616 2 of 16 
SUBJECT 

TFTR THREE CHANNEL DEFLECTION ivJAGNETS -
HAGNETIC iYiEASUREi4ENTS 

Authors: Joseph H. Uorst, Nichael I. Green, 

------- ..... 

Figure i·1agnet 
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Table I 

NAME 

DATE January a, 1980 

and Donald H. Nelson 
~ 

. 
Channel 

LHS CEN RHS , 
- - -

X 0 
X 0 + 
X 0 + 
X 0 +· 
X 0 + 

Note: There \'/ere no measurements of Magnet No. t;· RHS (Right-Hand Section). 

Data An~lysis and graphs were prepared with the aid of the Tektronix Computer 

Hodel No. 4051 and Tektronix Hard-Copy Unit Hodel No. 4631. 
Table II is a guide to tt1e data included in this report. Table III sho~'ls the 

data se 1 ected for the center sect i.on of f'lagnet ;J. 

For completeness we include a plot of B/I vs. I (Fig. B) in which all the 
points are plott~d along with a curve representing the 11 section average shown 

in Fig. 1. 

Test E,SlJi pme~. 

Figure_9 shows the test equipment used fo~ the measure~ents of Magnets 1 - 4. 
The HallMProbe \·1as located at (0,0,0) by means of the fixture shown in Figure 10. 

Figure 11 shows the power & interlock circuitry used for.these tests. 

Uiscussion 

· The slope of the air-gap-line* is 3.198 (Gauss/A) for a gap of 16.51 em and 
21 turns per pole. We cho5e a value of 3.15 to calculate B = B(I) ~ 3.15 * I. For 
the graphica) comparisons in Figures 2 through 7j The value of 3.15 gives adequate 
resolution of differenc~s with a mo~otonic curve. (The factor of 3~132 mentioned 
in HT 273 ~-vas simply the best straight .line fit for data points up to 700 A.) 

The measured· coil resistances for all sections of Magnets 1 through 4 are 

o.ozon ± O.OH2 over the range of current 0 ~·I s 900A. 

Z * ~G/A] = ~ x 1 257 • Oe = 3.198 [G/A] : I... g • At7cm 

: n = No. turns = 42 
0 
0 

~ .... .. 
"' .... 

g = Gap Dimension = 16.51 em 

'-----------'--·-·-------------~·-----·------------------------·-··-
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It should be noted that, during the measurements of Magnet~. 1) no mea~urements 
were made in the Right-Hand Section and 2) the Center Section was energized While 
the Left-Han~ Section was measured and tl1e Left-Hand Section was energized while 
the Center Section was being measured {see note Fig. 3). During th~ measurements 
of Magnets 1 - 4 only the section being measured was energized. 

Acknovl1 edgements 

We wish to thank George Hampton for readying the power-supply, Don Morris for 
providing a 3-channel interlock system, and Ed Cyr for connecting the power and 

~ater and collecting the data. 

Distribution: E. Cyr 
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11111111111111111111 
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?-? MAG# 3 RHS ' ..... - } 

2-3 NAGtt 3 · CEH ) . THESE RUNS 
2-4 MAG# 4 RHS .) 
2-5 HAG# 4 LHS ) ARE WITH 100 
2-6 t·1AG# 4 CEN ) 
2-7 MAGI 1 CEH ) A t·1 P STEPS , 
?-0 
- u MAG# 1 LHS ) 

2-9 ~1AG# 1 RHS ' INCLUDIEHG ZERO. ) 

2-Hl MAG# 2 RHS ) 

2-11 t1AGI 2 LHS ) HO CURRENT IH·OTHER GAPS. 
2-12 ~lAG# 2 CEN " J 
2-13 MAG# e CEN 'WITH LHS GAP AT MINIMUM CURRENT 
2-14 t·1AG# 0 CEH WITH .LHS GAP AT 300 At1PERES 
2-15 MAGI 0 LHS WITH CEN GAP A1 100 AMPERES 
2-16 Al.JERAGE 11 
1111111111111111111111111 

111111110111111111111111111 
. DATA STORED ON FILE #2 OF TAPE 11 l/16/80 

Table II List of Uata on LBL Magnetic Measurements . 
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SER.t 2-13 MAGI 9 CEH PTS ARE MAG I 0 a '78110111 

DATA . CURRENT B<e,e,e> B-3.15*1 BII 
PT <AMP) <GAUSS) <GAUSS) <GAUSSIAMP> 
1 86.9 271.8 0.9 3.160 
2. 100.0 319.1 4.1 3. 191. 
3 209.0 . 628.6 -1.4 . 3.143 
4 399.9 940.8 -4.2 . 3.136 
5 490.9 1253.1 -6.9 3.133 
6 see.e 1565.8 -9.2 3.132-" 
7 600.0 1874.5 -15.5 3.124 
8 ?00.0 2180.6 -24.4 3.115 
9 800.0 2483.1 . ' -36.9 3.104 

19 850.0 2631.2 -46.3 3.096 
11 909.0 2780~8 -54.2 3.090 
12 959.0 2927.9 -64.6 3.082 
13 590.0 1582.4 7.4 3.165 

Table III Uata Selected to Represent 

the Center Section of Magnet 0 

(Reference Magnet) . 
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Department of Energy. Any conclusions or opinions 
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 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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