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DCA313 Shell Strain Gauge Data with Excitation

In this note I present ar analysis of the shell stress changes with
excitation in DCA313. The data are from the file DCA313.CAOO5, a complete
strain gauge run to 7030 A and back to O after the initial quench series. The
analysis is identical to that presented earlier[1,2] for DCA311 and DCA312,
except that here the azimuthal array of gauges is in the same quadrant as the
axial array. The data are displayed in Tables I(a) - I(i); a complete
explanation of the analysis may be found in [1] and [2].

The data are quite similar to the previous two magnets and only a few
plots will be shown here. All strains, axial and azimuthal, are linear in I%#2
up to the highest currents measured. There is very little hysteresis and the
net strain change around the excitation loop is typically about +/-1
microstrain. (See Tables I(b) and I(h).) The axial array of gauges is 28
degrees from the yoke parting plane. Figure 1 shows the axial and azimuthal
strain and force changes to 7030 A as a function of axial position for this
array. The axial forces dominate, as in the previous magnets. Figure 2
compares the axial force, normalized to the total Lorentz force, among the
three magnets. At most po1nts a greater fraction of the Lorentz force is
transfered to the shell in DCA313 than in DCA311 or DCA312, but the general
features of the data are very similar among the three magnets.

Figure 3 shows the azimuthal stress change to 7030 A versus angle from the
yoke parting plane for the azimuthal array, located 1297 mm from the return end
of the yoke. The data are compared with those from DCA312. (DCA311 did not
have an azimuthal array.) As before the stress changes are quite small -- a
maximum of 10 MPa -- compared with the estimated shell prestress of »>300 MPa.
The stress is slightly compressive near the parting plane and modestly

extensive far from the parting plane, as expected for a horizontally elliptical
deflection of the cold mass.
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DCA313.CA005 06-JAN-1992
SG Run to 7100A - after plateau - 4.35 K 1st TC
Axial array at theta = 280
K001 K128} K088 K100 K101 K102 K103 K104 K106 K107 K108 K108 Kiii Kiit2 Kii4 Ki15
Ibetore  lafter] 1(1.9) af{1.9) !(7.8) a(7.8) I{18) a(i8) 1{31) ={31) 1{51) a(51) 1{79) a(79) l(285) a(285)
32.5 32.9 -2.5 -0.7 -2.6 -0.3 -5.9 -3.6 -51 -4.6 -5.0 -4.2 -7.4 47 -10.6 -7.6
1571.7 1571.6 -3.¢0 -1.8 -0.4 -1.4 -2.2 4,2 -1.4 -5.1 -3.1 -4.8 -42 -6.8 -5.9 -8.7
2216.5 2216.6 -3.0 -1.8 1.7 -0.3 0.5 -4.7 1.8 -6.7 06 -63 o6 -7.4 -3.7 -9.3
2240.9 22409 -2.5 -1.8 1.7 -2.0 0.5 -4.7 2.3 -6.2 2.2 -5.8 06 -B6.9 -3.1 -8.7
27126 2712.7 -1.4 -0.2 5.0 -0.9 3.2 -5.7 4.5 7.7 6.0 -6.3 4.3 -9.0 g.1 -8.3
31347 31346 -1.8 -1.8 5.5 -3.0 5.4 -7.4 8.2 -8.8 9.2 -6.9 8.7 -9.0 3.3 -10.9
3b06.8 3506.6 -2.4 -2.9 6.5 -4.1 9.1 -7.4 120 -8.8 15.0 -B.4 13.0 -9.5 6.0 -11.3
3853.8 3853.7 -3.0 -3.4 7.6 -5.1 11.3 -7.9 142 -9.9 19.4 -6.8 17.2 -10.6 9.2 -12.4
4449.1 4449.0 -3.5 -3.9 11.83 5.7 174 -9.5 211 -41.8 274 -10,0 258 -12.2 161 -12.5
4945.7 4945.8 -46 -6.6 124 -9.4 225 -11.1 270 -1341 359 -10.5 333 -13.3 226 -14.6
5442,1 5442.0 -4.1 -6.1 178 -8.8 279 -12,7 334 -14.7 440 -121 419 -143 284 -16.2
58386 5838.6 -4.6 7.7 194 -11.0 32.7 -13.3 39.8 -15.2 5B2.0 -12.1 49.4 -14.9 344 -17.3
6433.8 643441 -4.6 -8.2 242 -12.1 36.4 -17.6 45.7 -195 595 -1583 61.2 -16.5 434 -17.8
7029.8 7029.6 -5,2 -8.8 279 -14.8 429 -19.2 526 -21.7 696 -16.4 724 -18.1 526 -19.4
6433.8 64340 -4.1 -8.2 236 -12.6 358 -i7.0 446 -13.5 584 -14.8 60.6 -16.5 445 -18.8
5838.7 5838.8 -36 -66 204 -10.5 322 -13.3 393 -152 60.4 -11.0 484 -14.9 37.0 -16.7
4945.5 49456 -4.1 -85 1486 -7.3 219 -10.6 275 -121 343 -9.5 344 -12.2 247 -15.1
3853.4 38535 -3.5 -39 7.6 -5.1 i1.8 -7.4 157 -88 18.8 -5.9 17.7 =101 1.9 -11.9
3134.0 3134.3 -25 -1.2 55 -3.5 58 -6.3 93 -83 102 -63 87 -9.0 54 -10.3
22159 2216.2 -3.0 -1.8 1.2 -1.9 0.5 -5.7 1.8 -7.2 0.1 -6.8 0.6 -7.4 -2.0 -9.8
-2.0 -2.0 -3.5 -1.8 -8.1 -0.9 -5.4 -3.7 -4.41 -4.6 -8.5 -4.7 -7.4 -5.8 -8.0 7.7
CQuadrani |
Ape(z) z Aue(a)
== 2 Al 11.9) 147.8) 1{18) 1{31) 1{51) (79} 1(285)] 1**2l a(1.9) a(7.8) afi8} a(31) af(51) a(79) a(285)
0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0 0.0 0.0 0.0 0.0
25 -0.1 -0.5 2.2 3.7 3.7 4.9 3.2 3.7 25 -114 -11 -06 -05 -06 -2.2 -1.1
4.9 0.1 -0.5 4.3 6.4 6.9 8.6 8.0 6.9 4.9 -1.1 0.0 -1.1 -2.1 -2.1 2.7 -1.7
5.0 0.0 0.0 4.3 6.4 74 102 8.0 7.5 50 -114 17 -14 16 -16 -2.2 -1.1
7.4 0.1 1.1 7.6 9.1 96 140 11.7 10.7 7.4 05 -0.8 -2.1 -3.1 -2.1 -4.3  -1.7
9.8 -0.1 0.6 8.1 113 133 17.2 1641 13.9 2.8 -141 -2,7 -3.8 -4.2 -2.7 -4.3 -33
12.3 -0.2 Q0.1 g1 150 171 230 204 16.6r 123 -2.2 -3.8 -3.8 -4.2 -4.2 -4.8 -3.7
14.9 -0.1 -0.5 102 172 193 274 246 19.8] 148| -27 -48 -43 -53 -286 -59 -4.8
19.8 -0.1 -1.0 189 230 262 354 332 267 198 -32 -54 -589 -89 58 -7.5 -49
24.5 0.1 =2.1 15.0 28.4 3241 43.9 40.7 33.2| 245 -5.9 -9.1 -75 -85 -6.3 -B8.6 -7.0
29.6 -0.1 -1.6 204 338 385 5240 49.3 39.0| 296} -5.4 ~-8.6 -9.1 -10.% 7.9 -9.6 -8.6
34.1 0.0 -2.1 220 386 449 60.0 56.8 450 3441 7.0 -10.7 -9.7 -10.86 -7.9 -10.2 -8.7
41.4 0.3 -2.1 26.8 423 508 67.5 686 540 414 -7.5 -11.8 -14.0 -149 -11.1 -11.8 -10.2
49.4 -0.2 -2,7 305 488 577 776 798 632} 494| -9.1 -145 -156 -17.1 -i2.2 -13.4 -11.8
41.4 0.2 -1.6 26.2 418 497 o664 680 b51] 414 -7.5 -12.3 -13.4 -149 -10.6 -11.8 -11.2
34.1 0.1 -1.0 230 38.1 444 584 568 47.6] 34.1| -58 -10.2 -9.7 -106 -6.8 -10.2 -9.1
24.5 0.1 -1.6 172 278 326 423 418 353 245 -48 -70 -70 -7.5 -53 -7.5 -7.5
14.8 0.1 -1.0 10,2 177 208 26.8 251 225 148 -3.2 -4.8 -3.8 4,2 -2,7 -5.4 -4.3
9.8 0.3 0.0 8.1 11.7 14.4 18.2 16.1 16.0 2.8 -0.5 -3.2 -2.7 -3.7 -2.1 -4.3 -2.7
4.9 0.3 -0.58 3.8 6.4 6.9 8.1 8.0 8.6 49| 114 -16 -24 -26 -26 -2.7 -22
0.0 0.0 -i.0 -0.5 0.5 1.0 -0.5 0.0 2.8 00| -1.4 -0.6 -0.1 0.0 -0.5 -1.1 -0.1
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2.1E+05
0.3
5210
105000
6.5

Modulus (MPa}
Poisson ratio

x-sect area of shell (mm**2)
F(Lorentz) at operating current {N)
Operating current (kA)

)

deca313 sheli cal05

Quadrant |
Astress(z) (MPa) z Astress(a) (MPa)

1**2  z{mm) 47 197 447 797 1297 1997 7247 47 197 447 787 1297 1987 7247
0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.5 -0.19 0.43 0.80 0.8% 1.07 058 0.77 -0.28 -0.10 0,12 0.14 020 -0.28 0,00
4.9 -0.19 0.98 1.8 1.43 1.81 1.64 1.45 -0,28 0.29 0.19 -0.01 0.11 -0.07 0.08
5.0 -0.08 0.86 1.38 1.57 2.21 1.67 1.63 -0.25 -0.09 0.19 0.14 0.33 0.05 0.26
7.4 0.28 1.89 1.83 1.97 3.04 237 2.32 018 038 014 -0.05 0.48 -0.18 0,34
9.8 0.06 1.66 231 274 3,73 3.37 2.94 -0.241 -0.06 -0.09 -0.¢5 0.56 ¢.12 0.20

12.3 -0.13 181 3.15 360 495 431 3.52 -0.49 -0.24 0.16 0.21 061 030 0.29

14.9 -0.30 1.99 3.62 4.03 6.06 5.19 4.18] -0.65 -0.40 0.20 0.11 1.28 0.34 0.26

19.8 -0.45 279 4.83 549 766 7.04 574 -0.80 -0.28 0.23 0¢.22 110 056 0N

245 -0.88 279 595 672 956 8B67 7T.07 -1.49 -1.05 0.23 0.26 1.56 0.82 0.67

296 -0.73 405 7.07 807 11.29 1056 8.28 -1.34 -0.56 0.24 0.33 175 1.18 0N

34.1 -0.96 427 8.12 949 1311 1222 957 -1.74 -0.93 0.43 0.85 230 1.56 0.86

41.4 -0.99 5,29 8.67 10,54 14,60 14,80 11.589 -1.85 -0.86 -03¢C 0.08 2.08 2.00 1.36

49.4 -1.24 595 10.04 11.96 16.82 17.24 13,57 -225 -1.22 -0.22 0.05 252 240 163

41.4 -0.88 5,12 8,59 10.29 14,38 14,66 11.77 -1.82 -1,01 -0,20 000 212 196 1.21

34.1 -0.63 4,54 8.00 9.38 12.82 12.22 10.21 -1.41 -0.76 0.39 0.62 2.44 156 1.18

24.5 -0.69 3.43 5.85 690 9.26 9.00 7.52 -1.20 -0.42 030 052 168 115 0.70

14.8 -0.45 1,89 3,77 4.44 5091 534 4,82 -0.80 -0.40 034 046 1.21 0.48 0.56
9.8 -0.03 1.62 2.48 3.02 4.00 3.37 3.46 -0.11 -0.18 0.18 014 076 0,12 0.48
4.8 -0.19 076 131 139 1.67 1.64 1.81 -0.28 -0.10 -0.04 -0.12 -0.04 -0.07 0.09
0.0 -0.30 -0.15 0.11 0.23 -0.15% -0.08 0.58 -0.32 -0.17 0.01 0.07 -0.15 -0.25 0.16
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dca313 shell cad05

e

AF(Z) T (N)

2 z{mm) 47 197 447 797 1297 1997 7247
0.0 Q 0 [+] [} [+] 4] ]
2.5 -984 2216 4172 4207 5594 3010 3994
4.8 -984 5096 7194 7431 9446 8521 7573
5.0 -391 4492 7194 8201 11519 8699 8497
7.4 1481 8794 10038 10275 15845 12337 12076
9.8 320 8640 12041 14269 19424 17552 15300
12.3 -664 9434 16426 18772 25765 22470 18358
14.9 -1563 10382 18855 20089 31548 27057 21759
19.8 -2323 14553 25160 28597 39892 36680 29901
24.5 -4586 14542 30991 35021 49787 45177 36858

29.6 -3816 21119 36822 42037 58818 55014 43163

34.1 -4978 22269 42297 49444 68299 635689 49882

41.4 -5155 27566 45154 54907 76050 77105 60371

49.4 -6435 30991 52288 62302 87629 89809 70705

4t1.4 -4563 26677 44774 53604 74924 76394 61319

241 -3283 23632 41705 48851 66794 63689 53177
24.5 -3603 17895 30458 35969 48247 46872 39169
14.8 -2323 10382 19626 23157 30802 27827 25137
9.8 -178 B462 12906 15750 20823 17552 18002
4.9 -984 3935 6838 7253 8675 8521 0410
0.0 -1676 -808 557 1185 -770 -381 3046

[ -?) AF(2)/F(Lorentz)

1**2 z{mm) 47 197 447 797 1287 1897 7247
0.0 [ 0 0 0 Q [ [¢]
25 -0.16 036 068 069 091 0.49 065
4.9 -0,08 042 059 061 077 0.70 0.62
5.0 -0,03 036 058 066 092 070 0568
7.4 008 0.48 055 056 087 067 0.66
9.8 0.01 035 049 058 0.80 072 0.63

i2.3 -0.02 031 054 061 084 074 0.60

14.8 -0.04 0.28 051 057 085 073 0.59

19.8 -0.05 030 051 058 081 075 0.81

24.5 -0.08 0.24 051 058 082 074 061

29.6 -0.05 0.29 050 057 080 075 0.59

34.1 -0.06 0.26 050 058 081 075 0.59

41.4 -0.05 0.27 0.44 053 074 075 0.59

49.4 -0.05 025 043 051 071 073 0.58

41.4 -0.04 026 0.44 052 073 0.74 0.60

34.1 -0.04 028 0.49 058 0.79 0.75 0.63

24.5 -0.06 0.20 050 059 079 077 0.64

14.8 -0.06 0.28 053 063 0.83 075 068
9.8 -0.01 035 053 065 085 072 0.74
4.9 -0.08 032 056 059 071 070 0.77
0.0 #ERRR BR#N HEHE HENR #RER HERE #ER#
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azimuthal array at z = 51

K116 K108 K117 K118 K120
a(170) a280) a(360) a(61o) af900)|
-6.6 -4.2 -4.1 -5.1 -5.5
9.8 -4.8 -52 -6.2 -5.0
-11.4 -6.2 -5.2 -4.6 -2.3
-10.9 -5.8 -4.6 -4.0 -1.8
146 -6.3 -57 -4.1 -0.2
-i6.2 -6.9 -57 -1.9 1.9
-17.8 -8.4 -57 -1.3 4.1
-21.5 -§.8 -6,2 -0.3 6.2
-241 -10.0 -6.2 13 105
-28.9 -10.5 -67 1.3 110
-31.0 -12.1 -5.7 4.5 13.7
-34.3 -12.1 -6.2 5.0 14.2
-38.0 -15.3 -6.2 6.1 14.2
-43.8 -16.4 -5.7 7.2 19.0
.39.6 -14.8 -6.2 6.6 15.8
348 -11.0 -6.2 45 137
295 -9.5 -62 1.8 120
-21.5 -6.9 -5.2 0.8 7.3
-16.2 -6.3 -57 -2.4 2.0
-12.4 -6.8 -6.2 -5.1 -2.8
7.2 -47 -52 -6.2 -s.1l
Aupe(a)
|**2 17 28 38 61 90
0.0 0.0 0.0 0.0 0.0 0.0
25 -3.2 -06 -11 -1.1 05
491 -4.8 -2.1 -11 0.5 3.2
5.0 -4.3 -1.6 -0.5 1.1 a7
74| -80 -24 16 1.0 53
g8 -98 -2.7 -16 32 7.4
12.3] -11.2 -4.2 -1.6 as 9.6
14.9| -14.9 -2.6 2.1 4.8 11.7
19.8| -17.6 -5.8 -2.1 64 160
245 -22.3 6.3 -2.6 6.4 16.5
20.6| -24.4 -7.9 -1.6 95 19.2
34.1f -27.7  -7.9 -2 104 19.7
41.4| -32.4 114 24 112 197
49.4| -37.2 -12.2 256 123 245
41.4| -33.0 108 24 117 213
34.1| -26.2 -6.8 -24 9.5 192
24,5 -22.9 -5.3 -2.1 6.9 17.5
14.8] -14.9 -2.7 -1.1 5.9 1i2.8
9.8] -9.6 -21 -1.6 27 7.5
4.9 -5.8 -2.6 -21 0.0 27
g0l -0.6 -0.5 -1.1 -1.1 -0.6

dca313 shell £a005
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dca313 shell cal05

Astress(a) {MPa)
1**2 17 28 28 61 90
0.0 [ 0 0 [+ 0

25 -0.34 020 0©.09 0.08 0.43
49| -0,45 011 0.32 065 1.21
50| -0.23 0.33 056 0.8 1.43
74| -0.74 048 058 112 201
g8t -0.87 056 079 1.78 265
12.3| -0.883 0.61 1.15 2.27 3.47
149] -1.27 1.28 1.38 2.81 4.24
i9.8] -1.33 1.10 1.86 3.62 5.61
245 -1.75 156 233 4.1 6.28
29.6| -1.66 175 3.06 5.37 7.36
34.1| -1.80 230 3.50 6.02 8.0
41.4] -2.33 208 3.94 6.70 B.46
49.4] -2.65 252 451 7.59 10.12
41.4] -252 212 3.88 6.74 8.72
34.4| -1.99 244 341 583 7.82
24.5| -1.96 168 234 421 640
i4.8] -1.31  1.21 1,55 299 4.42
98] -0.79 0.76 0.87 1.76 275
49| -0.70 -0.04 0.06 050 1.06
00| -0.17 -0.15 -0.27 -0.27 -0.17
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