
1 b TS-SSC 91-030

*%icI 2/12/91

To: File

From: Jim Strait

Subject: First collaring of DSA322

DSA322 is a 1.5 m model 50 mm SSC collider dipole magnet which being
used for a series of assemblytests. The primary objectives are 1 to determine
the correct collaring shims and the correct coil size to achievesimultaneouslythe
correct harmonics and the correct preload, 2 to understandthe proper use of the
50 mm collaring tooling in a series of exercisessimilar to those performed for the
40 mm tooling with DS0312 and 3 to understandcoil preloads in the end clamp
region and try to find correlationsbetweenthe end preload and easily measured
quantities. The procedureinvolves multiple assembliesand disassembliesup to
the point of collar keying and end clamp installation, but it is not planned to
install the yoke and skin or to cold test the coil.

In the first assemblyof DSA322 the coil was assembled,as with DSA32O
and 321, with no pole shims. This magnet was the first to be keyed in the new
84 inch press using complete 50 mm collaring tooling. The end clampswere not
installed. In this note I summarizethe strain gauge and harmonics data and
discuss briefly some observationsfrom the collaring process.

The coil was keyed in the 84 inch press in 1B3 using collaring tooling made
from 2 inch EDM cut blocks. The tooling dimensions are the same as those for
the laminated tooling to be used for the long magnet assembly; however, some
differences may occur due to the less smooth surfaceof the laminated tooling.
The tooling includes featureswhich index the horizontal flats on the lifting point
notches of the collars to provide azimuthal alignment. Due to a design oversight,
thesefeatureswere omitted from the upper EDMed tooling used here, although
they are included in the laminated tooling. The tooling cavity dimensionsare
such that, using nominal dimensionsfor all parts, with the tooling fully closed
the upper and lower collar key-ways should overlap enough to allow key insertion
with zero clearance.

The D5A322 collared coil was placed in the tooling several inches from the
north end of the press and a 5 mil shim was placed betweenthe upper tooling
and the press platen. The tooling is 72 inches long, the press platens are
84 inches long and all hydraulic cylinders were active. The collared portion of
the coil is 44 inches long, so almost half the press was unopposedby the coil.
The press was energizeduntil the tooling was fully closed at between6000 and
7000 psi in the hydraulic system "pump psi". Strain gauge, coil resistancesand
press gap data were recordedat several intermediatepressures. The lead end of
the collared coil could be easily seen and it was observed that the upper collars
were rotated significantly with respectto the lower collars such that when the
tooling was closed a key could be inserted easily by hand on the left side but
just barely startedon the right. This makes it clear that the tooling alignment
featuresare necessaryon both the upper and lower halves.



The press was left closed for about an hour lunch time. It was then
openedand the tooling shim was increasedto 10 mils. The press was closed
again and they keys were inserted by energizing the horizontal hydraulic cylinders
to 500 psi 500 lbs/inch per side. The vertical and then the horizontal pressure
was releaseand final strain gauge readingswere taken.

Strain gauge and press gap data are summarizedin Tables I and II and in
Figures 1 and 2. See the appendix for details of the analysis of the strain
gauges. Several featuresof the data are worth noting. The press gaps are left-
right symmetric within a few mils, but the return end, which is adjacent to the
"unsupported"portion of the press, closes much sooner than the lead end.
However, the press is fully closed before keying, so the load on the coil is
determinedby the tooling dimensions and not by the press beam shape. Over
the hour at which the coil was maximally compressedduring the first attempt,
the coil stressdecreasedby approximately 300 psi in both the inner and outer
coils. On the secondpressingthe stress was distributed somewhatdifferently
betweenthe inner and outer coils but the averagestress is almost identical
despite the apparent"creep" during the first pressing. During key insertion the
inner coil stress dropped and the outer coil stress increasedbut the averagewas
almost unchanged. The "spring-back" loss peak minus final coil stress was
considerable:4.4 kpsi and 8.6 kpsi in the inner and outer coils respectively. The
final coil stressesare surprisingly low: 5.8 and 4.7 kpsi.

Figure 3 is a plot of the average inner + outer coil stressversus the
hydraulic systempressure. The press has a capacity of 250 T/foot at 10 kpsi
hydraulic pressure. The sum of the widths of the insulated inner and outer
conductorson both sides is 1.95 inches. Therefore if the press load is uniformly
balancedby the coil the slope on this plot should be 2.14 coil psi per pump psi.
This slope is shown by the dashedline. Both compressionsshow the expected
shape: a linear rise in coil stress which flattens when the tooling closes and no
further load is transmitted to the coil. On the secondpressingthe plateau is at

higher stressdue to the thicker tooling shim.

Table Ill contains the measuredcollar diametersand Figure 4 plots the
deflections relative to the design undeflectedvalues. The diametersnoted as 530

and 127° were specified in the traveller to be at 45° and 135°, which are in the
middle of the lifting fixture cutouts. The measurementswere actually made
approximately i/s inch "above" the feature at approximately 53? but the actual
azimuthal position of the measurementis not known precisely. Becauseof the
"anti-oval" shapeof the collars in this region, the diameter measurementis
relatively sensitive to the azimuth in this region so the these deflections may be
less reliable than those at 00 and O? The horizontal measurementswere made
across the tabs at the horizontal mid-plane.

Table W comparesthe measuredsextupoleand decapolemoments in
DSA322[1] with DSA32[1] and D5A321[2] and with the calculatedvalues[3}. In
making the comparisonit must be noted that DSA32O and 322 were measured
with the mole at room temperatureas collared coils without iron, while D5A321
was measuredwith the Lab 2 magnetometerand HAL2 systems at 4.2 K as a
completemagnetwith a yoke. When compensationis make for the presenceor
absenceof iron, the sextupole moments of DSA32O and 321 are quite consistent
with each other while DSA322 is dramatically different. There is less internal
consistencyamong the decapolemoments,but again D5A322 is quite different
from its predecessors. The difference in b2 is of the sign expectedif the pole



angles were larger measuredfrom the mid-plane in DSA322 than in the previous
two magnets. This is qualitatively consistentwith the lower prestress.

The coils in D5A322 are close in size to those in D5A321: the inner and
outer coils are on the average 1.4 mils and 0.1 mils smaller than those in
DSA321. The prestressesare dramatically smaller than 321: 6 and 5 kpsi in the
inner and outer coils in DSA322 versus 9 and 13 kpsi in D5A321. This
difference, combined with the difference in harmonics, led us to suspect that one
or more layers of ground insulation had been inadvertently left out. In
disassemblingD5A322 it was found that indeed one layer had been omitted in all
four quadrants. This was the middle layer covering the entire radially outward
surface and* the pole of the outer coil. See Figure 3. This omission allowed
the inner and outer coils to move into cavities 3.4 and 8.4 mils larger in
azimuthal extent than the design. The measuredspring rates of the DSA322
inner and outer coils are -0.72 mils/kpsi and -0.84 mils/kpsi respectively.
Ignoring the elastic propertiesof the collars, the combined differences in coils sizes
and collar cavities predict prestressdifferences betweenD5A322 and D5A321 of
-3.5 and -7 kpsi in the inner and outer coils respectively. These are quite close
to the measureddifferences of -3 and -8 kpsi.

DSA322 will be assembleda second time with the design ground insulation
and no pole shims. On the seèondassemblylaminated upper tooling will be used
which will provide better azimuthal alignment betweenthe upper and lower
collars. It is hoped that this will reduce the amount of overcompressionrequired
for key insertion.
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Table II
Collaring Press Gaps

Dist. from Press Pump Pressurepsi
Lead End of First Pressing Second Pressing
Collared Coil Side 3000 5000 6000 5000 6000 7000

inches

2 Left. .018.004 0 .007 .001 0
Right .015 .001 0 .005 0 0

22 Left .015 .003 0 .006 .001 .001
Right .013 .002 0 .005 .001 .001

42 Left .006 0 0 0 0 0
Right .006 0 0 0 0 0

Note: the collared coil is 44 inches long.

Table W
D5A320-322 Harmonics

Magnet b2

DSA32O -2.4 0.57
D5A322 -6.2 0.89

Calculated w/o iron -4.0 0.14

DSA321 2.6 0.35

Calculated with iron 0.2 0.07



DSA322 Cot lared Coil 1st Assembly
First assembly; measurements made 1/28/91

Nominal Diameters
5.488 5.3112 5.304 5.304 5.3112

Measured Diameters Radial Deflections -

zin. AHor. D53d B2V 81V C127d Verb S3deg Horiz
0 5.489 5.316 5.311 5.311 5.317 0.0035 0.0027 0.0005
2 5.489 5.316 5.311 5.310 5.316 0.0033 0.0024 0.0005
4 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
6 5.490 5.316 5.310 5.311 5.316 0.0033 0.0024 0.0010
8 5.490 5.316 5.311 5.311 5.316 0.0035 0.0024 0.0010

10 5.489 5.316 5.310 5.311 5.316 0.0033 0.0024 0.0005
12 5.489 5.316 5.310 5.310 5.315 0.0030 0.0022 0.0005
14 5.489 5.316 5.310 5.310 5.315 0.0030 0.0022 0.0005
16 5.489 5.316 5.310 5.310 5.315 0.0030 0.0022 0.0005
18 5.489 5.315 5.310 5.310 5.315 0.0030 0.0019 0.0005
20 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
22 5.489 5.315 5.310 5.310 5.316 0.0030 0.0022 0.0005
23 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
24 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
25 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
26 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
27 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
29 5.490 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0010
31 5.490 5.316 5.311 5.310 5.316 0.0033 0.0024 0.0010
33 5.490 5.316 5.311 5.311 5.316 0.0035 0.0024 0.0010
35 5.490 5.318 5.310 5.310 5.316 0.0030 0.0029 0.0010
37 5.489 5.316 5.309 5.309 5.316 0.0025 0.0024 0.0005
39 5.489 5.316 5.309 5.309 5.316 0.0025 0.0024 0.0005
42 5.489 5.316 5.310 5.310 5.316 0.0030 0.0024 0.0005
44 5.489 5.315 5.310 5.310 5.316 0.0030 0.0022 0.0005

Avg 5.489 5.316 5.310 0.0031 0.0024 0.0006
Sigma 0.0004 0.0005 0.0005 0.0002 0.0002 0.0002

IL



D8A322 Collaring History
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DSA322 900125 Str vs P graph

D5A322 Collar Keying 1/25/91
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D6A322 Collared Coil 1st Assembly
0.0052 * LEGEND *
0.0050

0.0048
0.0246
0.0044
0.0042
0.0040

fr Uert

0.0038

2.0036
A A

0.0034 . , N
0.0032 ‘S.. -

0.0030 ‘S fr--A

0.0228 -. /

2.0226 - / "
0.0024 - ‘x--*--*--*--; 7’ r-x-1---*----I -N - 53deg
0.2022 - / ‘,J
2. 0022 -

2.0018 -

0,0016 -

0.0014 -

0.0012

0.0010- o.-e-o--Q

0.0028 * / ‘ /

0.2205 /
/ Horiz

2.0004 * -

0,0002

* I I I
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Distance From Lead End inches

q



Appendix
Strain Gauge Data Analysis

The resistancesof a number of the strain gauges in DSA321, measuredon
the magnet before the collar keying operation began, disagreedsubstantially with
the calibration values. In two cases inner coil quadrants1 and 2 and outer
quadrants1 and 2 good agreementcould be gotten if pairs of active gaugeswere
swapped. In these casesall the calibration were also swapped in the Excel
spread-sheetused to analyze the data. In three other cases the active gauge in
inner quadrant4 and the compensatjnggauges for inner, quadrants3&4 and outer
quadrants3 and 4 no such solution could be found. The source of these
discrepancieshas not been determined. The identification of which gaugesare
active and which, are compensatingseemsto be correct since all the active and
none of the compensatinggaugeschangewith press load. To allow the data to
be analyzed, the resistancesmeasuredwith the coil in the collaring press at zero
load were substitutedfor the original calibrations. The calibrations used for this
analysis are shown at the top of Table I and the original calibrations axe shown
in Table A-I.
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