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The purpose of this investigation is to determine the best 

location for the support of the Energy Doubler dipole magnets. 

Ideally the supports would be placed so that the sag at the center 

is equal to that at the ends. How ever when the supports are 

considerably far from the ends, the end location tends to fluctuate 

from magnet to magnet based on measured data. From the standpoint 

of predictability of the end location for connection purposes and 

beam location it seems to be desirable to favor the ends by moving 

the supports toward the ends. In the limit, of course, the 

supports would be at the ends and the deflection at those points 

wo~ld be zero but the deflection at the center would be .180". 

The minimum calculated deflection location for the supports for 21' 

magnets is 130" apart with the calculated deflection to be .004" 

at the ends and center. (See attached calculations) 

The 22' magnets were pl~ced close to the ideal location, or 

Inspection data revealed, however, that the end location 

fluctuated ·greatly and more often than not the sag at the ends 

was more than at the center. When the magnet was changed from 22' 

to 21' we made a judgement based upon the experience with the 22' 

magnets and chose a support spacing of 142" (12" greater than the 

calculated ideal) . 
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Recently four 21' magnets were selected for a careful 
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measurement of their deflections - magnets 207, 210, 211 and 

213. The magnets were measured in the normal fashion taking 

measurements at the magnet cross-section center line at 4' incre-

ments along the length starting at the center plus a measurement 

at the last available measurement point at 114'' from the center 

(12"from straight section i>. In order to eliminate any built-in 

deviation from being a straight magnet to begin with, the measurements 

were made with the magnet set in the normal position and then re-

peated with the magnet turned over. The average of each reading 

then represents the actual deflection curve of the magnet. (The 

magnet support consisted of a single point at one end and two points 

at the other to prevent twisting. Also two measurements were 

taken at each longitudinal position and the average taken, again 

to eliminate the effect of any built-in twist}. 

Attached here-to are the graphs showing the deflection curves 

of each of these magnets. The center deflection varies from .006" 

to .017" with an average .009. The end deflections vary from a 

sag downward of .013 to an upward deflection of .002 with the 

average being .005 sag downward. However, if the last point measured 

is extrapolated to the straight section ~ the average value for -
four magnets measured is .014. 

Therefore, the conclusion is that 142" support spacing is not 

bad but an increased spacing would be preferred. 150" spacing 

would reduce the end deflection to .010" and increase the center to 

.016. Remember that the fluctuation of the ends has proven to 

be greater than the center and this change would improve this 

aspect also~ 
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Other conclusions and recommendations: 
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1. The presently produced yokes are not straight enough 

to satisfy the criteria that they shall be straight within a .030" 

envelope. The half-yoke stacking fixture, the stacking assembly 

procedure, and the sagitta assemble table should be checked out. 

(A new improved §agitta ·table is in process). 

2. The yoke straightness varies from yoke to yoke 

excessively. The weld technique should be changed to improve 

uniformity of penetration from intermittent MIG welds to continuous 

TIG welds. 

3. The impregnation of the yokes with epoxy could be 

improved by applying a high pressure to the epoxy at both ends 

after filling - say 100 psi. Also the lamination cleaning technique 

could be improved. A vacuum impregnation of the yokes would even 

be superior but this would be considerably more complicated. 

4. Four additional magnets should be completely measured 

including the deflection at the very ends of the magnet and at 2' 

increments. 

5. The empirical formulae used for calculating the de-

flections and inertia moments are apparently incorrect for this 

application since they give results so far from the actual measured 

values. 

Addendum 

R. Shafer has also calculated these deflections using a different 

approach but he gets essentially the same resuilts. His calculations 

are also attached for completeness. 
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. T\'PE :;;qi;2_FOR 
00100 PEAL L 
00200 W=8400. 
00300 L=235. 
00400 EI=7.87E9 
00500 A=150. 
00600 1=1250. 
00700 F=64-
00705 DD 40 J=1,20 
00710 F=F+~1 
00:?.00 F2=F..,2 
009-00 F:3=F2+-F 
01 01}1) F 4=F:~!•F 
01100 N=L/2+1 
01200 X=-1 
012 05 '/H=-1 0 0 0. 
01210 YL=100G. 
01300 DD lO I=l,N 
01400 ::<=::<:+1 
(I 150 I) :>::2=::<••2' 
01601} :=<3=:=<:2...;..( 
01700 ::<4=><3+-:><: 
01800 IF(X.GT.F)GCT TIT 20 
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01900 Y=F..;><-:2.·'"4-. +:3 • .._I ..;....:2,,· (2. +f++L) -L..:=-:2 .. <l 6. -><4.....- (24-.. +l.)-

02000 Y=l.tJ•'r'/EI 
02100 GO TIT 30 
02200 
02300 
02400 
02500 
02601} 
02605 
02610 
02615 
02f.20 
02625" 
026::::0 
02:::; 0 0 
02:305 
02:::q 0 
o~: o o o 
Q3100 

20 

30 

10 

100 
40 

\'=-F:3/ 12. +F2+--X/4-. +:3•-I +-:«'.2/ (2. •A+l.) -L ..;,.;2__,, 16. +~.;3/12.-:=-<4--' (24-. *!:. 
Y=t.J+.!r'/El 
"i'F=F:3.·'"4-. +3. +--I •F2....- (2. ~L)-L•F2i16. -F4/ (24-. *!..) 

YF=M•YF.....-EI 
\'=1000.•{Y.-:r'F) 
IF (Y. GE.\'!-+) YH=Y 
IF (\'. GE. 'iH> ;<H=:X: 
IF Cl. LE. YL) \'L='r' 
IF('·.-·. LE. \'L) '.:<L=~< 
COMTINUE 
\'D=\'H-'il 

C ot-tT I NU E 
::;'TO-P-
Er-rn 



T'/PE SA61. FOR-
00100 
00200 
0030!} 
0 040 0 
(i 05 0 0 
0 06 l)(t 
0071)1)· 
00801) 
00900 
01001) 

. 011 l}.:J 
0120f.l 
0131}1)· 
01400 
0151)1) 
01.61) !) 
01701) 
(11:300 
01900 
0200t) 
021 (II) 

02200 
02:3 00 
02400 
02500 
02600 
02700 
02:31) 0 
02901} 
c;~; o oo 
(iJ100 

100 
1 (! 

RERL L 
l.i.l=f:400. 
L=235. 

A=150. 
!=1250. 
F=65. 
F2=F ....... 2 
F3=F2•F 
F4=F3+F 
M=L,...2+1 
>~=--1 
DO 10 I=l !'N 
;:-=:=:=<+1 

::-:; 4 ='.=< 3 ..;:.,; 
!F(X.GT.F>6G TCT 20 
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\'=F•:=•:2.··'4. +3 • .-r •:X'.2....- (2. +B+L) -L ..;:1r:2....- ! 6. -?0::4/ ~-24-. -ollt.) 
\'=l_,_i•Y....-E I 
GD TO 30 

"(=t . .J+-Y . ...-EI 
YF=~3/4. +3 .... I •F2_,. (2. +tt+-L) -t. +F2/ 1 Er:. -F4/ (24-. ~) 
'/F=l.1i+·YF/EI 
\'=1000 • .,...;:'r'-'/F) 
TYPE 1 oo,::<!'Y 
FO?MAT(2XiF8.2,5X·F8.1) 
CDNTHtUE 
.S:TOP 


