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From: Jim Strait

Subject: Collar keying of D5A325

In this note I summarizethe collar keying procedureused for DSA325.
Both inner and outer coils were molded with the mold componentskey inserts,
sizing bars, mold stop bars, etc. at their nominal sizes and no additional molding
shims were used. This magnet is the first to have the outer coils molded with
the design size key inserts. Five mils of non-adhesiveKapton was placed
betweenthe inner coil pole turn and the pole cap to increase the prestressabove
that in DSA321-323[1-5]. No outer coil pole shim was used.

Collaring experimentsdone with DSA322[4,5] have shown that with EDMed
lower collaring tooling the keys can be inserted by hand "square key method" if
the tooling is closed 4 mils beyond the nominal stop, and that with laminated
lower tooling the keys can be startedby about 50 mils for "tapered key
method" insertion if the tooling is closed 6 mils less than the nominal stop.
The keys are 190 mils deep and have a 10:1 wedge angle, suggestingthat with
laminated tooling a stop about 10 mils beyond the nominal would be required for
key insertion without force.

A first collar keying attempt was made with the goal of inserting the keys
without force. Initially the same shim 4 mils was placed betweenthe upper
tooling and the upper platen as had been successfullyused on DSA322 with
EDMed lower tooling. The amount of collar closure was monitored by reaching
into the press with a sample key and trying to insert it into the collars at the
lead end. With the press closed until no lower tooling - upper platen gaps
existed, full key insertion was not possible. The press shim was then increased
in 2 mils incrementsup to 10 mils. At this point the test key could still be
inserted only a little more than half way. To limit the number of compressions
of the coils to high stressand until the apparent discrepancybetweenthe
expectedand the observed tooling behavior was understood,the attempt to do a
"square key method" insertion was abandoned. The strain gauge data from these
four keying attempts are displayed in Table I and Figure 1.

A key insertion method intermediatebetweenthe successful"square" and
"tapered" key assembliesof DSA322 was tried. In the "tapered key method"
assemblyof DSA322 the inner coil stresswhen the keys were started was 2.6 kpsi
lower than the final value, and in the "square key method" assemblythe the
inner coil stressbefore key insertion was 4.6 kpsi higher than the final stress.
For DSA325 no press-toolingshims were usedresulting in a compressionof
6 mils more than that used for the "tapered key" assemblyof DSA322 and a
compressionless than the "square key" assemblyby an amount unknown due to
the switch from EDMed to laminated tooling.



Feeler gauge measurementsindicated that the press was fully closed at 7000
pump psi. To verify full closure, the vertical hydraulic pressurewas increased to
8500 psi. To quantify better the amount of "zero force" key insertion possible at
this point, the side cylinders were energizedto 65 psi 65 lbs./in., the pressure
delivered with the regulator set to "zero," and data were recordedfrom the linear
potentiometersconnectedto the side bars. The side hydraulic pressurewas then
increasedin 500 psi steps until no changein the amount of key insertion was
observed. The linear potentiometerdata[6], shown in Figure 2, indicate that at
zero force the keys were about 80 mils out and that full insertion occurred at
1500 lbs./in. The vertical load was then reduced to 4000 pump psi, the side
load was reducedto zero, and the vertical load was reducedto zero. Visual
inspection of the collared coil confirmed the full insertion of the keys.

The strain gauge data are displayed in Table II and Figure 3. The final
prestressesare 11.7 and 11.8 kpsi in the inner and outer coils respectively. These
are 1.2 and 5.0 kpsi lower than before key insertion and 2.8 and 7.1 kpsi lower
than the peak stresses. Figure 4 shows the coil stressversusvertical hydraulic
pressurebefore key insertion. Shown also is the expectedslope[71 of 2.56 coil psi
per pump psi if the press load is fully balancedby the coil and the pole and
mid-plane stressesare equal. Figure 5 shows the slope ducoil/dPpress versus
press pressure. Even after the press is nominally closed 7000 pump psi about
20% of the press load is still transferredto the coil. This is not understood.

The conclusionsof this collaring exercise are:

1 The final inner coil stress is towards the high end of the desiredrange.
Since this includes a 5 mil Kapton pole shim, the inner coils need to be
molded 3-5 mils larger than thesecoils. In molding the next short inner
coils for D5A327 the mold cavity will be increasedby 5 mils.

2 The final outer coil stress is higher than is needed,implying that the
outer coils should be molded several mils smaller than these coils. The
outer coils for DSA327 will be molded with the cavity decreasedby
3 mils.

3 An "optimized" tapered key insertion may be defined as one in which the
stressbefore key insertion equals the final stress. To achieve such an
assemblyrequires that the press be closed somewhatless than was done in
this case but more than was done for DSA322[51. A shim of 2-3 mils
betweenthe lower tooling and the upper platen might meet this criterion.

4 That the keys were 80 mils out at "zero" side load implies that 8 mils
more closure would be required for "square key" insertion. This is less
than the greatestcompressiontried Fig. 1. Perhapsthe discrepancy
results from occasionalsmall mis-registrationsbetweenthe laminated
tooling and collars that could be overcome with a load of 65 lbs./in. but
not by hand. The peak coil stresseswith an 8 mil tooling shim Fig. 1
and Table I were only 0.2 and 0.3 kpsi higher in the inner and outer
coils than the peak during the final key insertion.
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DSA325 910408

A B C D I E I F I G I H I J K L M
1 CORRECTED AVERAGING FORMULAS 11-20-90
2
3 BNL C3 BNL C2 BNL Cl
4 GAGE IC. TYPE COIL Quadrant Gage Facto Rb Ohms FNAL A0 FNAL Al FNAL A2 FNAL AS
5 A082 Active Inner 1 2.03 350.039 37.1 2.OE+00 4.71E-03 0.00000
6 A083 Active Inner 2 2.03 350.609 -4.2 2.OE+00 7.25E-03 0.00000
7 C062 Comp Inner 1&2 203 350 114
8 A087 Active Inner 3 2.03 349.607 45.6 2.2E+00 6.20E-03 0.00000
9 A088 Active Inner 4 2.03 349.787 25.3 3.9E+00 6.46E-03 0.00000

1 0 C063 Comp. Inner 3&4 2.03 349.735 :%
11 A075 Active Outer I 2.03 349.910 -61.1 3.7E+00 6.74E-03 0.00000
12 P.079 Active Outer 2 2.03 349.916 19.5 l.2E+00 5.82E-03 0.00000
13 C058 Camp Outer 1 203 349 622 ‘ °°c>C&

14 C059 Comp Outer 2 203 349 768 -*,‘°° 4’ c?*%

15 A060 Active Outer 3 2.03 349.903 -130.9 4.2E+00 6.73E-03 0.00000
16 A081 Active Outer 4 2.03 349.771 35.4 l.6E+00 5.99E-03 0.00000
17 C060 Camp Outer 3 203 349349 o÷oo. .

18 C061 Camp Outer 4 203 35QQ974 oo co.i o;

19 120
2 1 Hydraulic Pressure Average Coil Sfress dStressfdPv
22 Seq # Dale Press Vertical Horizontal Inner Outer All Inner Outer All
23 1 4/8/91 Oollarir.g8 0 0 109 30 70
24 2 4/8/91 Collaring8 790 0 2457 2762 2610 2.97 3.46 3.22
25 3 4/8/91 Collaring8 2000 0 3896 4305 4101 1.19 1.27 1.23
26 4 4/8/91 Collarlng8 4000 0 8058 9519 878 2.08 2.61 2.34
27 5 4/8/91 Collarlng8 6000 0 11817 14579 13198 1.88 2.53 2.20
28 6 4/8/91 Collarlng8 7000 0 12478 15762 14120 0.66 1.18 0.92
29 7 4/8/91 collarlng8 8000 0 12917 16578 14748 0.44 0.82 0.63
30 8 4/8/91 Collarlng8 6500 0 13016 16885 14950 0.20 0.61 0.40
31 9 4/8/91 Collaring8 8500 0 12909 16754 14831 #D1V/Ol #DIV/0I #DIV/0!
32 10 4/8/91 Collaring8 8485 65 12927 16804 14865 -1.20 -3.35 -2.28
33 11 4/8/91 Collaring8 8471 500 13310 17466 15388 -27.38 -47.29 -37.33
34 12 4/8/91 Collaring8 8462 1000 13894 18224 16059 -64.88 -84.21 -74.54
35 13 4/8/91 Collaririg8 8444 1500 14352 18761 16557
36 14 4/8/91 Collarlng8 8432 2000 14553 18877 16715
37 1 5 4/8/91 collarlng8 4000 2000 14003 16668 15336
38 16 4/8/91 collarlnge 4111 0 13406 16301 14854
39 17 4/8/91 Collarlng8 0 0 11714 11768 11741
40 18 4/8/91 0 0 0 #MJMI #NUMI liNJMI
41 19 4/8/91 0 0 0 #MJMI #NUMI #?‘JJMI
42 20 4/8/91 0 0 0 #JJM! *NUM! #9JMI
43 21 4/8/91 0 0 0 #IJJMI #NUMI *PJJMI
44 22 4/8/91 0 0 0 MJJM! ffl4UMI *D4JMI
45 23 4/8/91 0 0 0 M$JMI #NUMI #NUMI
46 24 4/8/91 0 0 0 #t&JMI #NUMI #tIJMI
47 25 4/8/91 0 0 0 #flJMI #NUMI #N1JMI
48 26 4/8/91 0 0 0 #MJM! WNUMI #NJMI
49 27 4/8/91 0 0 0 #P$JMI #NUMI 4*JJMI
50 28 4/8/91 0 0 0 #MJMI #NUMI #MJMI
51 29 4/8/91 0 0 0 4MJM! #NUMI 4ft$JMI
52 30 4/8/91 0 0 0 $ftJJMl #NUMI 4tP&JMI
53 31 4/8/91 0 0 0 #tJJMI IINUMI M&JMI
54 32 1/1/04 0 0 0 0 0 0
55 33 1/1/04 0 0 0 0 0 0
56 34 1/1/04 0 0 0 0 0 0
57 35 1/1/04 0 0 0 0 0 0
58 36 1/1/04 0 0 0 0 0 0
59 37 1/1/04 0 0 0 0 0 0
60 38 1/1/04 0 0 0 0 0 0
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DSA325 Collar Keying 4/8/91
Key Distance from Full Insertion
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DSA325 Collar Keying 4/8/91
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DSA325 Collar Keying 4/8/91

Coil psi
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DSA325 Collaring 4/8/91
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