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From: FNAL::JBS 28-MAR-1990 22:31:00.77
To: BOSSERT,CARSON, HANFT,WKOSKA,MANTSCH,MAZUR,PEWITT
CC: MYSELF
Subj: DS0307 and DS0308 preloads explained?

From the measured coil sizes, collar size and amount of Kapton added to the
standard ground wrap the expected prelodd for DS0308 is 8 kpsi in the inner coil
and 11 kpsi in the outer coil. The actual prestresses are about 2 and 3 kpsi
respectively. This may result from either the coil being smaller than we think
it is or the collar cavity being larger than we think it is. The former would
result from some as yet not understood systematic error in the coil size
measurement. The latter might result from a mis-design or mis-measurement of the
collars, poor tolerance on the thickness of the ground insulation or the Kapton
ground insulation flowing into the die-break of the collars.

These would have different effects on the harmonics. If the coil is too
small but the collar cavity is correct, the coil will require less than the
expected prestress but will end up at or near the design location. If, on the
other hand, the cavity is too large, the coil will occupy a larger azimuthal
space than called for in the magnetic design and therefore the harmonics will be
altered.

The measured body field sextupole moment of DS0308 measurements taken today
by Hanft, Koska, et al using the mole is -6 units. Gerry Morgan calculates that
increasing the inner outer coil collaring shim by 1 mil increases the sextupole
moment by 0.49 0.41 units. That is, if both the inner and outer coil cavities
are 1 mil smaller than the design value, b2 will be +0.9 units. To generate -6
units would require the inner and outer cavities to be 7 mils too large assuming
an equal error in both.

I put such a collar size error into the spread sheet that is supposed to
calculate prestresses from coil sizes. Lo and behold, the predicted prestresses
are 2 and 3 kpsi on the inner and outer coils. On the final collaring of DS0307
the measured prestresses are about 5 and 7 kpsi in the inner and outer coils
while the predicted prestresses are 11 and 13 kpsi. If I increase the collar
cavity by the same 7 mils, the predicted prestresses drop to S and S kpsi.

The closeness of the agreement between calculation and measurement is
probably somewhat fortuitous given all the fine points that I have ignored in
this argument. Nonetheless, it suggests that the coil size measurements are more
or less correct and that the collar cavity is to blame for the low preload.
Stuffing more Kapton at the poles of DS0309 will probably not only increase the
preload but also set the harmonics to the correct value. It had been my
intention to set the amount of additional Kapton by seeing how much I would have
to alter the collars on DS0307 and DS0308 to get the observed preloads. The mole
measurement seems to have given me a good way to get the correct value on the
first try.



FithotI3

Coi If 101 Kid 108 1/4 I.. Xnor Ott. 2/6/90
Psof -6000-- -8000- -.10000-- -12000-

soil cotter soil sister asH flsr coil nstsr
I 00000000 0.0165 0.0152
2 vp 0.0244 0.0191 0.1 0.01% 0.0100 0.0167 0.0111 0.0152
2 dii 0.0217 0.0115 0.0201 0.0174 0.0185 0.0164 0.0171 0.0152
S 000000000000000000000000000000000C0.0179 0.0152
4 2000000000000000000000CCU 0.0190 0.0152
5 0.0264 0.0196 0.0210 0.0183 0.0214 0.0171 0.01% 0.0155

di 0.0234 0.0191 0.0216 0.0110 0.0200 0.0167 0.01% 0.0155
6 OO00O00COO0000CO0G 0.0170 0.0152
7 O000OO00000000O0000Q 0.0115 0.0152
8 up 0.0242 0.0192 0.0218 0.0110 0.0193 0.0168 0.0267 0.0153
I di 0.0115 0.0115 0.0196 0.0174 0.0110 0.0164 0.0167 0.0153
9 100000O0000000000000000C 0.0160 0.0152

10 0t0o00000000000000C0 0.0155 0.0152
11 n 0.0240 0.0191 0.0218 0.0110 0.0194 0.0158 0.0167 0.0152
11 dii 0.0213 0.0186 0.0196 0.0174 0.0110 0.0164 0.0167 0.0152
12 0.0165 0.0152
13 0.0175 0.0151
14 up 0.0246 0.0192 0.0221 0.01% 0.0196 0.0168 0.0174 0.0152
14 di 0.0220 0.0186 0.0201 0.0174 0.0186 0.0164 0.0174 0.0152
15 %00000000000000 0.0186 0.0152
16 QQQQQ000o0o00000000Q0C 0.0175 0.0152
11 Vp 0.0259 0.0191 0.0236 0.0110 0.0210 0.0168 0.0102 0.0151
17 di 0.0233 0.0186 0.0214 0.0174 0.0197 0.0164 0.0182 0.0153
18 000000000000000000000C4 0.0176 0.0151
19 00000000000000 0.0166 0.0152
20 op 0.0285 0.0192 0.0112 0.0110 0.0185 0.0188 0.0160 0.0152
20 dii 0.0209 0.0106 0.0190 0.0174 0.0173 0.0164 0.0160 0.0152
21 000000fl000XC0000000000000 0.0153 0.0152
22 0.0160 0.0152
23 up 0.0226 0.0192 0.0108 0.01% 0.0179 0.0168 0.0143 0.0151
23 di. 0.0239 0.0185 0.0110 0.0174 0.0165 0.0164 0.0148 0.0152
24 000000000000000C 0.0154 0.0152
P f 6 10000 22000

coi I-...tsr soil-setter aoi l-uest.r aol I-sorer
1 0.0015

0.1 0.0041 0.0033 0.0019
0.0032 0.0027 0.0021 l00000

0.0027
0.0088

0.0068 0.0057 0.0043 0.0033
0.0043 0.0086 0.0033 0000C

0.0018
0.0013

0.0050 0.0088 0.0025 0.0014
0.0030 0.0021 0.0016 C0000

0.0008
0.0003

0.0043 0.0036 0. 0.0015
0.0028 0.1 0.0016 0000C

0.0013
0.0028

0.4 0.0041 0.0028 0.0022
0.0035 0.0017 0. 1C0000

0.0034
0.0023

0.0067 0.6 0.0042 0.0029
0.0048 0.0040 0.0033

0.0025
0.0014

0.0043 0.0082 0.0017 0.0001
0.0024 0.0016 0.0009

0.1
0.0008

0.0054 0.0025 0.0021 .0.0004
0.0014 0.0006 0.0001

0.0002

2 up
2di
5
4
5 up
là
6
7
8 up
gal.
9

10
11 V.
lie
12
23
14 up
14 di.
IS
16
17 up
17 di
18
19
20 up
20di
21
22
23 up
Isa
24

2-11 0.0064
.it 0.0009
ring. 0.0

14.23 0.0060
.ig 0.0014
ring. 0.0033

2.23 0.0062
sis 0.0011
ring. 0.0034

2-11 0.0053
pig 0.7
nng* 0.0015

1+23 0.0050
cii 0.0015

0.0054

2-23 0.0052
sig 0.0011
rIng. 0.0029

0.0044
0.0009
0.0019

0.0032
0.
0.0018

0.0020
0.0009
0.0019

0.0083
0.0014
0.0033

0.0023
0.0014
0.0031

0.0014
0.0015
0.0083

0.0141
0.0011
0.0054

0.
0.0011
0.0032

0.0017
0.0012
0.0037

0.0026
0.0007
0.0016

0.0022
0.0008
0.0017

0.0022
0.0016
0.0054

0.0016
0.0014
0.0032

0.0024
0.0011
0.0030

0.0019
0.0011
0.0032

#61.
1-24> 0.0017
sig 0.0011
nngo 0.0042

504.0 ry Sr .vg.tr
collir i.n.r

19.33 6.7 7.9 6.1
20.35 7.2 8.1 6.8

21.72 7.5 9.3 7.9
23.59 7.5 11.2 7.7
22.74 7.4 10.1 7.8

20.18 7.5 7.5 7.5
19.33 7.3 7.0 7.9
19.50 6.9 7.7 8.4

18.48 6.9 6.7 8.2
17.63 7.3 5.2 7.5
19.67 7.2 7.5 7.8

==
19.33 6.9 7.5 7.7
21.05 9.2
20.86 8.7

==
22.91 10.5
21.05 9.5
22.06 10.2

==
21.03 8.7
19.50 6.8
18.48 5.9

17.28 4.8
18.48 6.1
16.45 4.2

==
17.45 1.0



CsiIf 107 Hoof 050308 2/4 los Innur Ott. 2/3/90
Psef -6000--- -- -10000- -12000--

coil aster coil astir ccii ...ter coil setter
1 0000C0%000000000000000000C0U 0.0148 0.0152
2 up 0.0239 0.01% 0.0215 0.0179 0.0190 0.0166 0.0163 0.0152
2 dl. 0.0210 0.0183 0.0192 0.0173 0.0177 0.0163 0.0163 0.0152

100000000000D00000000000000 0.0165 0.0152
4 0.0158 0.0152
5 up 0.0234 0.0190 0.0211 0.0110 0.0187 0.0167 0.0154 0.0152
5 di 0.0207 0.0185 0.0289 0.0175 0.0175 0.0163 0.0164 0.0152
6 0Q0000000000000000QQ000 0.0160 0.0152
7 Q0%0000C00C00C0000000Q000000000000O00000.0156 0.0152

up 0.0221 0.0190 0.0196 0.0110 0.0174 0.0165 0.0146 0.0152
8 di 0.0193 0.0185 0.0177 0.0178 0.0162 0.0163 0.0146 0.0152
9 IQQ000C0000000%00Q0000000CC000010%c0.0241 0.0152

10 100000O00000%0Q00000000C0%CCO0Q 0.0157 0.0152
21 up 0.0232 0.01% 0.0210 0.01% 0.0186 0.0165 0.0250 0.0152
11 di 0.0205 0.0186 0.0186 0.0174 0.0172 0.0163 0.0160 0.0152
12 000o000000oo000Q000000000oo0000 0.0154 0.0152
15 0.0170 0.0152
14 up 0.0250 0.01% 0.0225 0.0180 0.0199 0.0166 0.0174 0.0152
14 di o.om 0.0185 0.0203 0.0176 0.0186 0.0163 0.0114 0.0152
15 0.01% 0.0152
16 ooooo000ooo0oooo000000000oo0oooo 0.0196 0.0152
11 up 0.0264 0.0191 0.0241 0.0179 0.0215 0.0166 0.0187 0.0151
II di. 0.0231 0.0154 0.0115 0.0174 0.0202 0.0163 0.018? 0.0151
18 000000Q000000Q0c000000 0.0186 0.0152
19 0.0185 0.0152
20 up 0.0245 0.0187 0. 0.0114 0.0198 0.0164 0.0173 0.0151
20 di. 0.0220 0.0181 0.0202 0.0171 0.0186 0.0160 0.0175 0.0151
21 00OO000000C0000000000C0000U 0.0175 0.0151
22 W00%000%CC00CCCCCCCCC00CCC 0.0177 0.0151
Is up 0.0244 0.0190 0.0 0.01% 0.0296 0.0255 0.0169 0.0151
23 di 0.0217 0.0186 0.0146 0.0113 0.0182 0.0163 0.0169 0.0151
24 1000000Q0000C00000000CC000OQ 0.0143 0.0151
P.. I 6000 1 12000 SX.0 Sr

coi I-...t.r cci l-.s.ter soi l-eocter coil-sitter
1 -0.0%4 16.34 5.1
2 up 0.0049 0.0036 0.0024 0.0011 28.84 6.5
21. 0.0027 0.0019 0.0014 0000C 000000U
3 0.0013 19.17 7.0
4 0.0%6 18.00 5.8
5 u 0.0044 0.0031 0.0020 0.0012 19.00 6.7

di. 0.0022 0.0014 0.0012 10 0000
I 0. 18.34 5.9
7 0.0004 17.67 5.6
8 up 0.0031 0.0018 0. -0.0006 16.00 4.4
8 di 0.0008 0.0004 -0.0001 J0
9 -4.0012 16.17 3.7

10 0.0006 17.84 5.7
11 up 0.0042 0.0030 0.0 0.0008 18.34 6.4
22 di 0.0000 0.0012 0.0009 000 0 000
12 0.0002 11.34 5.8
13 0.0018 20.00 8.4
14 up 0.0060 0.0045 0.0055 0.0022 20.67 8.7
14 do 0.0037 0.0028 0.3 00C 000000
15 0.0028 21.67 9.5
26 0.0046 24.67 25.2
11 up 0.0075 0. 0.0049 0.0013 23.01 11.4
17 di 0.0062 0.0042 0.0018 1000 0 00%
18 0.0054 22.57 10.6
19 0.0033 22.51 10.1
20 up 0.0%9 0.0048 0.0%4 0.0022 20.67 8.3
20 di 0.0039 0.0031 0.6
21 0.0024 21.01 8.8
22 0.0026 21.34 9.2
26 up 0.0064 0.0040 0.0030 0.0018 20.00 8.0
25 di 0.0032 0. 0.0019 00C
24 -0.0003 16.50 5.5

It:
2-11> 0.0042 0.9 0.0011

Si8 0.0008 0. 0.0007
ring. 0.0018 0.0018 0.0016 0.0018

11-fl 0.0062 0.0049 0.1037 0.00%
sig 0. 0.0%9 0.0%9 0.0008
rings 0.0019 0. 0.0019 0.0018

2-25 0.0062 0.0039 0.7 0.0015
pig 0.0013 0.0013 0.0012 0.0012
ring. 0.0011 0.4 0.0010 0.0018

2-11 0.0019 0.0012 0.0%9
iii 0.0008 0.0006 0.0007
nag. 0.0019 0.0015 0.0015

14-23 0.0040 0.0032 0.0027
Si3 0.0009 0.0%?

0.0020 0.0017 0.0019

2-23 0.0030 0.0022 0.0018
*ig 0.0013 0.0012 0.0012
rug. 0.0019 0.0015 0.0015

a
1-24 0.0015
cii 0.0015
rings 0.0%?



Cci If 304 lIcgf 050301 1/4 lit Outer Oct. 1/W90
Ps.f -60%---- -6000- -10000- -22000-

eoil ster coil aster coil astsr coil attsr
1 0.0120 0.0140
2 up 0.0212 0.0184 0.0137 0.0167 0.0155 0.0154 0.0141 0.0139
2 di. 0.0193 0.0178 0.0171 0.0168 0.0155 0.0150 0.0141 0.0139
5 0%000m00CCC000000%0fl0% 0.0129 0.0140
4 000000OO000000C00CC00000000 0.0113 0.0140
5 up 0.0185 0.0184 0.0161 0.0167 0.0140 0.0153 0.0113 0.0140
S di 0.0165 0.0178 0.0145 0.0152 0.0129 0.0150 0.0113 0.0140
S 000O0C00000CC 0.0117 0.0110
7 00G00%00000C00000000%0C 0.0112 0.0140
8 up 0.01% 0.0185 0.0155 0.0164 0.0153 0.0156 0.0107 0.0140
I di. 0.0161 0.0178 0.0139 0.0162 0.0122 0.0151 0.0107 0.0140
9 C00oOO000%OOC000000 0.0107 0.0140

10 0.0131 0.0140
12 up 0.0183 0.0115 0.0161 0.0169 0.0131 0.0155 0.0114 0.0140
12 di. 0.0152 0.0178 0.0145 0.0162 0.0180 0.0151 0.0124 0.0140
12 0%QC0000fl0%00COC0OXC00 0.0111 0.0140
13 oco0%o0%oa 0.0130 0.0140
24 op 0.0200 0.0185 0.0175 0.0169 0.0255 0.0156 0.0230 0.0140
14 di 0.0180 0.0278 0.0160 0.0162 0.0140 0.0151 0.0180 0.0140
15 00010C0%000000 0.0152 0.0140
16 0Q0000000000%00000000%00%C 0.0217 0.0110
17 up 0.0190 0.0186 0.0172 0.0169 0.0150 0.0156 0.0128 0.0140
17 di 0.01% 0.017g 0.0160 0.0162 0.0142 0.0151 0.0128 0.0140
26 10Q0QQ00fl0co00Q0CQQ00 0.0142 0.0140
19 J0C00CQ00%OOO000O00 0.0149 0.0140
20 up 0.0215 0.0185 0.0189 0.0168 0.0168 0.0155 0.0145 0.0140
20 di 0.0296 0.0178 0.0175 0.0162 0.0159 0.0150 0.0145 0.0140
21 0.0144 0.0140
22 0.0131 0.0140
23 up 0.0189 0.0185 0.0154 0.0168 0.0146 0.0156 0.0121 0.0140
23 di 0.0172 0.0117 0.0151 0.0162 0.0136 0.0150 0.0121 0.0110
24 0.0217 0.0140

P f . 3®0 10 .12000 504.0 Sr Pug Sr
aol I-aster ccl l-astsr aol I-sitter aol I-aflsr cutur

I -0.0020 27.82 11.5 10.7
2 up 0.0027 0.0020 0.0011 0.0%2 33.23 15.7 11.7
2 di 0.0015 0.00% 0.0006 0000 1000000
3 .0.0011 30.01 12.3 11.0
4 -0.0027 28.12 8.4 11.2
5 op 0.0001 -0.0%6 -0.0023 .0.002? 26.12 8.1 11.5
6 di, -0.0012 -0.0017 -0.0011 00%0C 00C I000%00C0
5 -0.0023 27.09 8.9 12.0
7 -0.0028 25.81 3.2 10.8
I up -0.0005 -0.0024 -0.0022 -0.0033 24.66 7.7 9.2
I di -0.0017 -0.0023 -0.0029 00 U 000
9 -0.0033 24.66 7.9 9.2

10 -0.0009 30.50 12.8 21.1
11 up -0.0002 -0.0008 -0.0025 -0.0026 85.86 8.9 10.6
11 di -0.0016 .0.0016 -0.0021 C0 - 0000
12 -0.0029 25.68 8.7 9.9
13 -0.0010 50.85 23.4
14 op 0.0015 0.0006 -0.0%1 -0.0010 50.26 22.8
14 di. 0.0002 -0. -0.0011 C000 00C 1
15 -0.00% 30.74 13.0
16 -0.3 27.09 10.5
17 up 0. O.0%3 -0.0006 -0.0012 29.77 12.9
17 di 0.0002 -0.0002 -0.0009
18 0.0001 13.18 25.5
19 0.0%9 34.38 16.7
20 up 0.0010 0.1 0.0013 0.0006 33.91 15.9
20 di 0.0020 0.0013 0.0009 10C
21 0.0004 33.67 15.9
22 -0.0009 50.50 12.8
23 up 0.0004 -0.0%4 -0.0009 -0.0019 28.07 10.6
23 di -0.0006 -0.0011 -0.0014 0C
24 -0. 27.09 10.8

It:
*2-11 0. .0. -0.0113 -0.0021
SIp 0.0015 0.0015 0.0017 0.0016
ring. 0.0032 0.0034 0.0036 0.0035

21-Is> 0.0014 0.0%? .0.0001 -0.0009
sig 0.0012 0.0011 0.0020 0.0010
nag. 0. 0. 0.0022 0.4

2-Is 0.0009 0.0%2 -0.0%? -0.0015
nip 0.0013 0.0015 0.0014 0.0014
ring. 0.0032 0.0054 0.0036 0.0035

2-11 -0.00% -0.0012 -0.0016
sig 0.0015 0.0024 0.0015
ring. 0.0032 0.0051 0.0035

11-23 0.0006 -0.0%! -0.0006
nig 0.0011 0.0010 0.0010

0.0025 0.0024

2-fl -0.0%2 -0.0006 -0.0011
Si8 0.0014 0.0013 0.0013
ring. 0.0032 0.0031 0.0085

#61.
1-24 -0.0015
nip 0.0015
ring. 0.0042



Cci If 306 Ibgf 050806 1/4 los Outer Oct. ifs/cO
Pcof -6000- -3000- -10%0- -12000-

coil aster coil aster coil aster coil ast*r
I 1O0t00000C0000COC00 0.0117 0.0140
2 op 0.0192 0.0184 0.0164 0.0167 0.0144 0.0151 0.0118 0.0140
2 di 0.0159 0.017? 0.0148 0.0161 0.0183 0.0150 0.0118 0.0140
3 100000000000000O00 0.0125 0.0140
4 ®0CC0%0C0C00%00000fl0000%00 0.0132 0.0140
S up 0.0201 0.0135 0.0171 0.0168 0.0157 0.0154 0.0138 0.0140
5 di 0.01% 0.0177 0.0164 0.0161 0.0148 0.0150 0.0183 0.0240
6 0.0182 0.0140
7 00%00000000000000000000%0O00 0.0132 0.0140
I op 0.018? 0.0186 0.0162 0.0168 0.0142 0.0154 0.0117 0.0140

di 0.0161 0.0177 0.0147 0.0162 0.0130 0.0150 0.0117 0.0140
9 2000%0000C000000CC0C000%000000W0.0115 0.0140

10 C000%C0%000O 0.0123 0.0140
11 up 0.0197 0.0185 0.0172 0.0168 0.0152 0.0154 0.0124 0.0140
11 di 0.0173 0.0177 0.0154 0.0162 0.0240 0.0250 0.0124 0.0140
12 0X00 0oooo000cooooa 0.0122 0.0140
13 000000000%0%000O000 0.0100 0.0140
14 up 0.0185 0.0186 0.0151 0.0168 0.0139 0.0154 0.0115 0.0140
14 di 0.0185 0.0177 0.0144 0.0162 0.0127 0.0150 0.0115 0.0140
16 0O00O00C000000000000C0 0.0109 0.0140
16 0%Q0%X00000O0000000000000OC0U 0.0122 0.0140
17 op 0.0172 0.01% 0.0145 0.0168 0.0123 0.0154 0.0100 0.0140
1? di 0.0151 0.0177 0.0129 0.0162 0.0113 0.0250 0.0100 0.0140
28 000O00OO000000000O00 0.0104 0.0140
19 100000000O00000O0U 0.0220 0.0140
20 up 0.0186 0.01% 0.0161 0.0168 0.0110 0.0254 0.0116 0.0140
20 di 0.0166 0.0177 0.0146 0.0162 0.0230 0.0150 0.0116 0.0140
21 00%0QQ00000000 0.0210 0.0140
22 C0000000000000%0000000 0.0109 0.0140
25 up 0.0188 0.01% 0.0165 0.0166 0.0146 0.0251 0.0122 0.0140
23 di 0.0177 0.0277 0.0155 0.0162 0.0236 0.0250 0.0122 0.0140 -
24 00000000C0C00%00%O0000000 0.0215 0.0140
PC. f 60% 8000 1 12000 504.0 sIr

cci i-e.nter coi I-aster coil-enter coil-aster
1 -0.0023 26.73 10.8
2 up 0. -0.0003 -0.0009 -0.0022 26.97 9.9
2 dl. -0.00% -0.0013 -0.0017 100000004 l0 0004
3 -0.0025 22.63 11.3
4 -0.0008 30.30 13.0
S up 0.0016 0.0010 0.0003 -0.0007 30.53 15.0
5 di. 0.00% 0.0002 -0.0002 00O 1000
I -0.00% 50.10 12.6
7 -0.00% 80.50 15.1
S up 0. -0.0006 -0.0012 -0.0025 85.75 10.2
I di -0.0009 -0.0015 -0.0%0 0000 1000O0
* -0.0027 25.78 9.4

10 -0.0017 28.16 10.9
11 up 0.0012 0.0004 -0. -0.0011 28.10 11.4
11 di 0.0%1 -0.0006 -0.0010 100%00U
12 -0.0018 27.92 11.4
15 -0.0040 22.69 6.2
14 up 0.0000 -0.0007 -0.0025 -0.0%5 26.26 9.2
14 do. .0.0011 -0.0013 -0.0022 O0000 I000
15 -0.0051 24.83 7.6
16 -0.0028 25.54 9.2
17 up -0.0015 -0.0023 -0.0031 -0.0040 22.39 6.2
17 di -0.0025 0. 0013 -0.0037 10
18 -0.0056 23.14 6.4
19 -0.0020 27.44 9.7
20 up 0.0%1 -0.0%? -0.0014 -0.0024 26.49 3.9
20 di -0.0011 -0.0016 -0.
21 -0.0080 25.07 7.7
22 -0.0061 24.83 7.5
23 up 0. -0.0%1 -0.00% -0.0018 27.92 10.8
23 di 0. -0.0%? -0.0014 m
24 -0.0%? 25.78 9.8

It: 26.1501 8.84454
2-11 0.0010 0.0001 4.0%5 .0.0017

nip 0. 0.0%7 0.0007 0.0007
rag. 0.0014 0.0016 0.0015 0.0016

11-fl -0. -0.0010 -0.0116 -0.0%?
sip 0.0%? 0.0009 0.0011 0.0009
rag. 0.0016 0.00% 0.00%

2-25 0.0004 -0.0%4 -0.0011 -0.
nig 0.0009 0.0010 0.0010 0.0%9
rucqs 0.0%9 0.0033 0.0034 0.0053

2-11 -0.0002 -0.0006 -0.0022
sip 0. 0.
rung. 0.0017 0.0011 0.0018

14-22 -0.0012 -0.0019 -0.0%4
sip 0.0011 0.0011 0.0010

0.0026 0.0025 0.0023

2-fl> -0.0001 -0.0013 -4.0018
.19 0.0010 0.0010 0.0010
rings 0.0034 0.0085 0.0035

a
1-24 -0.0023
Si8 0.0010
ring. 0.0013



C, JrLL CO9OE1t AM Q5 RE,4-St..?R ‘I

Cci If 106 N.gf 050801 2/4 Is. I,.s.r Octe 1/6/90
Sl.i.: 0.003 Ccl l.r .rrsr: 0

strea 6000 8000 10000 120%
nix. 0.0082 0.0071 0.0068 0.0047

Iin.sr fib *trns. c fsiz.
.0 * 19.9811 dn/ds * -1.706 kps./., I

collsrsd ntrnns
7.7

CelIf 107 M.gf 050301 2/4 Icc Inn.r Octe 1/8/90
5¾o.: 0.003 Ccl sr prrcr: 0

.tr.a 6000 8000 10000 12000
six. 0.0082 0.0069 0.0%? 0.0045

lin..r fit sti5 c f.ixs
s0 * 19.54 1i aids c -1.663 IpSI/so I

collnr.d *trsss
7.6

Ccl If 804 I0.gf 050306 1/4 los Outer Ode i/’lO
5*,is: 0.010 Ccl ‘Sr srr,r: -0.0015

sIns. 6000 8000 20000 12000
nix. 0.0094 0.0087 0.0078 0.0070

Iinssr fit stras c fniz.
.0 c 29.08 1i duds c -2.434 kp.,/.i I

coll.r.d strsa
21.6

Cci If 506 N.gf 050306 1/4 los Outer Ott. 1/23/90
Sd.: 0.010 Ccl or srror: -0.0015

stross 6000 8000 20000 120%
nix. 0.0089 0.0001 0.0074 0.0%5

lin.ar fit utrscn * fsiz.
s0 c 27.24 Ipsi di/du c -2.576 kpsi/.i I

collnr.d nIna
10.2

Ccl hr coipI isncs in t.nc.cf cynnsg. inn.n.-c.atercoil strsn
Ccl Icr ysrticcl cffn.t induvidisl collar csuj irs. g.b c.nter
du/di s 0.54 ails/Ipsi s0 * 2 *,l*

Coil cv.rag. strsss c fcoIIcr d.flsctcn
s0 * -3.57 kp.i di/ds c 1.786 kpsl/.ll

Avsng. sf4 coils:
s0 * 23.98 kni d./dx c -2.06 Ipsi/sil

CslI.r v.rtical radius:
7.2 .ils

Ann8. inu.r strnse * 7.6
Anrug. cuterstrss. a 10.9

Awing, coil stross * 9.3



,453yMt4iC, CQLC4-t CAuttj’ 3 3MIt5 ‘*RCeQ

Cci If 106 M.gf 050306 1/4 I.. Inn.r 0te 2/6/90
OIl*: 0.003 Ccllsn snrcr: -0.007

sIms. 6000 8000 10000 22000
nixs 0.0012 0.0001 -0.0012 -0.0023

lin..r fit str.n s f.ix.
s0 * 8.06 Ipsi a/do * -1.706 IpsI/sll

collsr.d stress
2.2

Cci If 101 l0.gf 0%101 1/4 Icc him 0.1. 18/90
58.1.: 0.003 Ccll.r srrcr: -0.007

.tr.s. 6000 8000 10000 12000
size 0.0012 -0.0001 -0.0013 -0.0025

hin.sr fit sIres. * fniz.
.0 * 7.87 kp. diMs * -1.661 kp.1/s1I

collared stress
2.1

Ccilf 304 l9.gf 0%801 1/4 los Outer Date 1/22/90
Sl.is: 0.010 Ccl I.n error: -0.0005

strsa 60% 0 i 120%
.ixs 0.0024 0.0017 0.0008 0.0000

lii.., fit str.ss * fsiz.
s0 * 22.04 kpsi 4/4 c -2.434 kp.o/.,l

collarsd .tr.a
3.1

Ccilf 106 H.gf 050308 1/4 Icc Outer Date 1/23/90
Ski.: 0.0:0 Ccl ar .mrcn:

stress 60% 9000 1 120%
niri 0.0019 0.0011 0.0%4 -0.0%?

hinsar fit sIr... * fnire
s0 * 10.60 kpsi di/do * -2.871 kpsi/cil

collnnnd stress
2.4

Ccl lsr coupI i.ncs in ten- of .v.n.gn inn.r.-cuten coil stn..s
Ccl tar v.rtinh sHot individual collar nay frc. ageet center
do/d.c 0.54 slls/lopsi *0 * 2 sIls

Coil aveng, stress * fcolh.r dflsctic.i
*0 * 4.5? kpsi 4/do * 1.796 ipso/ill

Aver.gs sf4 coil.: -

n0 * 9.64 ipso 4/do * -2.00 kpsa/*ll

CII.r v.rtic.I radius:
3.4 ails

Aversgs inner stress * 2.1
Averags cutsr sIr... * 3.0

Av.rugs coil SIr.sn s 2.6



CciIj 204 llagf t5080?A1/4 Is. LI Date 2/30/90
Pssf -6000- -8000- -ia- -120%-

coU aster coil act.r coil aster coil aster
1 C00%0000000C0CC00000 0.0190 0.0152
2 up 0.0267 0.0193 0.0243 0.0100 0.0218 0.0167 0.0194 0.0152
2 di. 0.0242 0.0185 0.0223 0.0175 0.0203 0.0164 0.0194 0.0162
* 1C0%0000000000000000000000000000000U0.0196 0.0152
4 0000000000000 0.0200 0.0152
6 up 0.0279 0.0193 0.02% 0.0190 0.0232 0.0117 0.02% 0.0152
5 di. 0.0254 0.0185 0.0215 0.0175 0.0210 0.0164 0.0206 0.0152
3 0.0194 0.0152
7 00fl00®OD0CC00000000000%00 0.0190 0.0152
S up 0.0261 0.0191 0.0239 0.0190 0.0215 0.016? 0.0191 0.0152

di 0.0289 0.0185 0.0220 0.0175 0.0204 0.0264 0.0191 0.0152
9 0000000000000000000000000000000C00000C0.0196 0.0152

10 1000C00C0000000000000000CC000CC 0.0200 0.0252
21 op 0.0277 0.0193 0.0157 0.0190 0.0217 0.0167 0.0203 0.0152
11 di 0.0250 0.0185 0.0231 0.0175 0.0216 0.0164 0.0203 0.0152
12 0%000000%0000000O0000000 0.0202 0.0152
13 100000000000000®000000C000C 0.0201 0.0162
14 up 0.0261 0.0195 0.0257 0.0100 0.0214 0.0167 0.0108 0.0152
14 di 0.0286 0.01% 0.0217 0.0175 0.0200 0.0164 0.0208 0.0152
15 00000C00000000fl0000 0.0181 0.0152
26 10o00O0%o0000cco00%cCa 0.0182 0.0162
17 up 0.0262 0.0195 0.0283 0.0100 0.0210 0.0157 0.0186 0.0152
17 di 0.0254 0.01% 0.0215 0.0175 0.0199 0.0264 0.01% 0.0162
II 100000O00000CC0%00000000000000O0Ca0.0196 0.0152
19 C00000%0%C0000000000%00 0.0196 0.0252
20 ep 0.0276 0.0194 0.0242 0.0180 0.0116 0.0167 0.0197 0.0152
10 di. 0.0242 0.01% 0.0223 0.0175 0.0206 0.0164 0.0197 0.0152
21 00000C0000000D000000000000000% 0.0187 0.0152
22 10000000000000%0000000000%0000000000000040.01% 0.0152
23 up 0.0263 0.0193 0.0239 0.0100 0.0215 0.0167 0.0190 0.0152 -
23 di. 0.0241 0.01% o.om 0.0175 0.0204 0.0164 0.0190 0.0162
24 000000000000000000000C000000 0_Din 0.0152
Pc. f 6000 8000 10000 12000

coil-aster coi I-aster coi I-aster coil-ester
1 0.0020
2 up 0.0074 0.0063 0.0061 0.0042
2 di. 0.0067 0.0048 0.0059 10

0.0044
4 0.0%6
6 up 0.0066 0.0045 0Th5 0.0064
5 di. 0.0069 0.0000 0.0056 m
6 0.0042
7 0.0088
8 up 0.0068 0.0069 0.0048 0.0039
I di, 0.0054 00045 0.0040 m
9 0.0084

10 0.0043
II up 0.0%4 0.0077 0.0060 0.0%i
11 di 0.0065 0.0066 0.0062
22 0.0049
23 0.0049
14 up 0.0%3 0.0067 0.0047 0.0056
24 di 0.0061 0.0042 0.0086
15 0.0029
16 0.0050
17 up 0.0069 0.0%3 0.0043 0.0033
11 di 0.0049 0.0040 0.0035 0U
18 0.0041
19 0.0044
20 up 0.0008 0.0%1 0.0049 0.0045
20 di 0.0066 0.0049 0.0041
21 0.0035
22 0.0033
23 up 00070 0.0%9 0.0049 0.0031
23 di. 0.0%6 0.0047 0.0040
24 0.0019

tP:
2-11 0.0075 0.0061 0.0066 0.0047
.ig 0.0000 0.0013 0.0008 0.0%?
nags 0.0018 0.0012 0.001? 0.0015

14-23 0.0073 0.0064 0.0047 0.0068
.18 0.0007 0.0004 00003
nags 0.0015 0.0009 0.0000 0.0012

2-23 0.0075 0.0009 00%1 0.0042
.ip 0.0008 0X09 0.0007 0.000?
rang. 0.0018 0.0032 0Xfl 0.0021

2-11 0.0061 0.0%2 0.0047
sit 0.0007 0.0007 0.0008
rang. 0.0015 0.0015 0.0017

14-fl 0.0%3 0.0044 0.0089
*ip 0.0004 0.0%4 0.0%5

0.0007 0.0000 0.0006

2-fl 00057 0.0048 0.0042
sip 0.0%? 0.0007 0.0007
rang. 0.0020 0.0020 0.0021

SQc.0 my sIn .vgstr Po.f
collar inner

22.54 8.3 7.4 9.9 1
25.08 8.7 9.5 20.0 2

==
25.45 8.7 LI 9.8 3
27.63 8.7 11.8 10.4 4
27.26 9.9 11.1 11.7 5

=00=
25.08 8.9 8.8 10.9 6
24.86 LI 8.6 10.5 7
24.54 8.4 9.2 11.2 8

=00=
23.63 8.2 8.7 10.3
26.1? 8.5 10.7 9.9
26.72 8.6 11.5 9.?

26.15 8.5 11.3 9.7
26.35 11.5
23.99 8.6

=
22.72 7.5
21.90 8.0
23.45 8.1

=
24.90 9.1
25.45 9.2
25.61 9.4

=
23.81 8.0
23.45 7.?
24.36 8.5

=
20.90 5.8

9
10
ii

12

a
1-24 0.0040
cii 00%9
range 0.0057



Cdli 106 lO.gf t10?A 1/4 I.. UI Date 2/30/90
°i -6000---- -8000- -10000- -12000----

coil ast.r coil aster coil aster sail aster
1 0.0200 0.0151
2 up 0.0267 0.0190 0.0243 0.0171 0.0217 0.0151 0.0191 0.0151
2 di. 0.0255 0.0182 0.0221 0.0171 0.0205 0.0160 0.0191 0.0152
8 0.0183 0.0151
4 1000%000000QOO0C000000000OC 0.0176 0.0151
S up 0.0253 0.0190 0.0234 0.0176 0.0210 0.0163 0.0184 0.0151
S di. 0.0233 0.0182 0.0214 0.0171 0.01% 0.0160 0.0184 0.0151
6 0.0189 0.0151
7 000000000000C000%0000000 0.0190 0.0151
S up 0.0198 0.0190 0.0269 0.0176 0.0244 0.0161 0.0219 0.0151
8 di 0.0267 0.0132 0.0247 0.0171 0.0232 0.0160 0.0219 0.0151
9 l00O0000O000000x0000fl0000000c00C 0.0204 0.0151

10 Q0000000C0%0000Q0000%OC 0.0200 0.0251
11 op 0.0151 0.0190 0.0282 0.0176 0.01% 0.0163 0.0184 0.0151
ii di 0.0284 0.0182 0.0214 0.0171 0.0197 0.0160 0.0184 0.0151
12 0.0175 0.0151
15 10Q000000%CC00%000%C0C0C 0.0186 0.0151
14 en 0.0273 0.0190 0.0249 0.0175 0.02% 0.0133 0.0198 0.0151
14 di. 0.0250 0.0182 0.0210 0.0171 0.0213 0.0160 0.01% 0.0151
15 oooooococoooooomoooo 0.0197 0.0151
11 000fl000000Q0%00%00%00C 0.0206 0.0151
17 up 0.0228 0.0190 0.0265 0.0176 0.0240 0.0163 0.0212 0.0151
17 di. 0.0264 0.0191 0.0244 0.0171 0.0227 0.0160 0.0212 0.0151
18 0Q00000%0000O000OOOO000%OO0C 0.0%? 0.0151
19 00000000c 0.0242 0.0151
20 up 0.0518 0.0190 0.0297 0.0175 0.0274 0.0163 0.0249 0.0151
20 di 0.0296 0.0192 0.0283 0.0171 0.0258 0.0260 0.0449 0.0151
21 1000O0C00C0rrc0c00C0O0000000 0. 0.0151
22 000000000000%00000 0.0219 0.0151
23 up 0.0291 0.0190 0.026? 0.0176 0.0241 0.0163 0.0216 0.0151
25 di. 0.0262 0.0191 0.0242 0.0171 0.0227 0.0160 0.0216 0.0151
24 J0000%c000000000000m0%0000000c 0. 0.0151
P.. f 60% 10000 120% sIr

coil-aster coi l-.s.t.r coil-aster coi I-aster
1 0.0049 25.69 li_S
2 up 0.0077 0.0067 0.0%4 0.0040 24.30 9.0
2 di. 0.0051 0.0060 0.0043 00 -
3 0.0082 22.90 7.7
4 0.0025 21.67 6.5
5 - 0.0068 0.0058 0.0047 0.0015 23.07 7.4
5 di. 0.0062 0.0043 0.0088 1000 00000W
6 0.0018 23.96 8.2
7 0.00*9 24.13 5.9
8 up 0.0096 0.0093 0.0081 0.0068 29.21 14.4
5 di, 0.0%5 0.0076 0.0072 I
9 0.0051 26.59 12.2

10 0.0049 25.89 11.0
11 up 0.0061 0.0066 0.0045 0.0031 23.07 8.2
22 di. 0.0062 0.0045 0.0037 100000000 00 0C000
14 0.0%? 21.02 7.4
15 0.0055 23.42 1.1
14 op 0.0%3 0.0073 0.0063 0.0047 2S.53 20.6
14 di. 0.0068 0.0069 0.0063 a 1000
15 0.0046 25.16 10.4
16 0.0%4 26.75 12.4
17 up 0.00% 0.0089 0.0077 0.0%i 27.99 13.1
2? di. 0.0082 0.0075 0.0067 0% 10 100000000
15 0.0075 80.63 15.4
19 0.0091 33.27 17.5
20 up 0.0128 0.0121 0.Olli 0.0098 34.50 18.8
20 di. 0.0114 0.0112 0.0098
21 0.0077 80.81 15.5
42 0.0%8 29.22 14.0
28 op 0.0101 0.0091 0.0078 0.0065 20.70 11.4
23 dee 0. 0.0071 0.0067 - m 100
24 0.0071 29.15 15.1

IF:
2-il 0.0076 0.0069 0.0%7 0.0044

s8 0.0016 0.0017 0.0017 0.0017
nag. 0.005? 0.0057 0.0086 0.0086

14-2* 0.0103 0.0094 0.0%2 00%8
.18 0.0019 0.0020 0.0020 0.0021
range 0.0045 0.0048 0.0048 0.0061

2-23 0.9 0.0081 0.0070 0.0064
.ip 0.0021 0.0022 0. 0.0042
rang. 0.0063 0.0066 0.0051 0.0016

2-11 0.0080 0.0063 0.0045
cig 0.0017 0.0016 0.001?
rang. 0.0054 0.0053 0.0035

14.23 0.0006 0.0079 0.0071
sip 0.0%0 0.0028 0.0019

0.0046 0.0053 0.0045

2-fl 0.0075 0.0006 0.0%9
sig 0.00% 00023 0.0%1
nags 0.0034 0.0033 0.0085

1-24 0.0263
sip 0.
nag. 0.0073



Ceilf NsA D%*OTA 2/4 I.. 0 0.te 5/2/90
Post -60%- -- -10000- -120%---.

ail aster coil acten coil aster coil aster
1 0.9997 0.99Th
2 up 1.0049 1.0000 2.0033 0.9991 1.0021 0.9954 1.0%5 0.99Th
2 di 1.0045 0.9996 1.0022 0.9987 1.0010 0.9981 1.0005 0.9975
3 000000000000000000%00000000% 1.0006 0.99Th
4 z0fl000000000000000000m 1.0002 0.99Th
5 up 1.9%5 2.0000 1.0038 0.9991 1.0024 0.9984 1.0008 0.9975

a 1.0041 0.9996 1.0027 0.9987 1.0016 0.9982 1.0008 0.99Th
6 100000000C0000000%0000 1.0010 0.9975

000%0000C00000000%00O000%0CC 2.0011 0.99Th
I op 1.0046 1.0000 1.0029 0.9991 1.0016 0.9984 0.9998 0.9976
* a i.oo*t 0.9996 1.0015 0.9987 1.0007 0.9981 0.9998 0.99Th
9 0.9996 0.9975

10 l000000000000000%0000%000000000000 1.0008 0.99Th
Ii up 2.0062 1.0000 1.0042 0.9991 1.0029 0.9984 1.0011 0.99Th
lit 2.0044 0.9996 1.0029 0.9987 2.0019 0.9981 1.0011 0.99Th
II 00000000QQ00000000000%0000000%00001.0009 0.9975
13 0.9985 0.9976
14 - 1.00*9 1.0000 1.0023 0.9992 1.0007 03986 0.9991 0.9976
14 a 1.0%3 0.999? 1.0000 0.9989 0.9999 0.9992 0.9991 0.9976
15 0.99% 0.9976
16 000Q0000000%0000 0.9992 0.9976
1? op 1.0038 1.0000 1.0022 0.9992 2.00% 0.9486 0.9988 0.9976
1? di. 1.0021 0.9998 1. 0.9989 0.9996 0.9982 0.9986 0.9976
18 oaoooo0%ooo00oooo 0.9996 0.9976
19 00%00000000000O I .0%3 0.9976
10 up 1.0060 1.0000 1.0053 0.9991 1.0019 0.9994 1.0001 0.9976
lOt 1.0034 0.9997 1.0020 0.9499 1.0%9 0.9962 1.0001 0.9976
11 000000000000%0 1 .0%4 0.9976
23 0000000000000000%00000000 1.0004 0.9976
S .p 1.0069 1.0000 1.0%8 0.9991 1.0025 0.9484 1.0006 0.9971
lit 1.0039 0.9997 1. 0.9999 1.0014 0.9982 1. 0.9971
24 00000000000000000000000000000000000C0.9996 0.9976

f 1 12000 SQCaO sIr avg sIn
coi l-.tsr coil-aster coil-aster col l-asten outer

0.00% 55.76 13.0 12.6
2 ep 0.0049 0.0042 0.008? 0.0021 35.26 13.5 13.9
2 di 0.0040 0.0054 0.0029 000C 00C 0%0%
3 0.0030 55.76 14.1 14.1
4 0.002? 55.01 15.2 23.6
5 ep 0.0%5 0.004? 0.0040 0.0081 86.51 14.2 13.0
5 di 0.0045 0.0040 0.0035 10 00
6 0.0016 57.01 14.6 15.9
7 0.0016 37.25 25.5 18.4

up 0.0045 0.0038 0.0032 0.0023 34.01 22.9 11.8
Idie 0.0035 0.0051 0.0026 10000 000 0000000C
9 0.0020 83.26 12.? 11.8

10 0.0033 86.51 15.3 15.3
11 - 0.0%1 0.0%1 0.0044 0.0056 67.16 16.1 23.4
ii a o.ooie 0.0042 0.0088 00C0
12 0.0034 36.76 16.0 12.8
13 0.00% 30.25 9.5
24 up 0.0059 0.0051 0.0021 0.0015 32.01 10.5
14 di 0. 0.0019 0.0016 100 100000004 00000C
25 0.0021 55.76 22.5
21 0.0016 32.26 11.?
I? op 0.0038 0.0050 0.0020 0.0012 31.25 20.1
1? di. 0.0023 0.0016 0.0014 0000C 0C 10
II 0.0019 85.01 11.3
19 0.0027 38.01 12.4
20 op 0.0060 0.0042 0.0086 0.0025 34.51 12.2
10 a 0.005? 0.0051 0.0%? 10000 000W 00000
21 0.0026 36.26 15.5
22 0.0028 35.26 15.5
23 - 0.0064 0.0047 0.0041 0.0080 35.76 14.0
a a 0.0042 0.0034 0.0032 - 100000000
14 0.0%0 33.25 12.5

1?:
2-11 9.0063 0.0045 0.0%5 0.0030
ii. 0.000? 0.0%6 0.00% 0.0006
ness 0.0016 0.0013 0.0022 0.0015

14-fl 0.004? 0.0%5 0.0060 0.0021
cii 0.0010 0. 0.0010 0.0000
:e 0.0%1 0.0017 0.0%1 0.0018

2-13 0.0060 0.0041 0.0054 0.0025
gig 0.0%9 0.00% 0.0%9 0.00%
rang. 0.0025 0.0%1 0.0024 0.0024

2-11 0.0042 0.0037 0.0032
us 0.0006 0.0006 0.00%
range 0.0011 0.0011 0.0012

14-fl 0.0062 0.0026 0.0042
.ii 0.0%9 0.0010 0.0%9

0.0019 0.0020 0.0013

2-25 0.006? 0.0051 0.0027
sg 0.0009 0.0%9 0.0008
range 0.0025 0.0028 0.0004

124 0.0025
.18 0.
range 0.0028



Ceilf 307 l4.gf 050307A 1/4 I.. 0 Date 5/5/90
P..f -6000- -8000- -10000- -12000-

coil aettr coil aster coil aster coil aster
1 00000000000Q000000000000%0000000000000000C0.9991 0.9974
2 up 1.0043 1.0000 2.0026 0.9991 1.0012 0.4484 0.9996 03974
2 di 1.0027 0.9994 2.0014 0.9987 1.0%4 0.9980 0.9946 0.9974
5 20000000000000000000000000C 2.0001 0.9974
4 10000n000000000C0000000000000 0.9996 0.9974
5 up 1.0042 1.00% 1.0025 0.9491 1.0010 0.9994 0.4994 0.9975
5 di 1.0026 0.9994 1.0012 0.9987 1.0001 0.9981 0.4994 0.9975
6 2000000000G0QQ0000000000W 0.9997 0.9975
7 0.9949 0.9975
* up 1.005? 1.0000 1.0021 0.9491 2.0004 0.4984 0.9497 0.99Th
8 di 1.0021 0.9996 1.0006 0.4495 0.9944 0.9981 0.9997 0.9975
9 100%000000000000000000CCW 0.4986 0.9975

10 0000000Q000 0.9994 0.9475
11 up 1.0056 1.0000 1.0036 0.9991 1.0028 0.9984 2.0006 0.49Th
11 di 1.0083 0.9496 1.0025 0.9468 1.0015 0.9981 L00% 0.9975
22 20000000000m000000000000000%00000000C2.0004 0.4975
13 00000000000000000%0000C000000W 0.9909 0.9975
14 up 1.0046 1. 1.0021 0.9991 1.0013 0.9984 0.9496 0.99Th
14 di, 1.0030 0.9996 1.0015 0.4499 1.0004 0.9982 0.9996 0.9975
15 000000n0000%00000000o 1.0002 0.9975
16 00000000%000000000%0000000000000C 0.9995 0.9975
1? up 1.0%! 1.0000 2.0034 0.9991 1.0020 0.9984 1.0005 03475
1? di. 1.008? 0.9996 1.0023 0.4989 1.0011 0.9 1.0%5 0.9975
28 0000000000000 1.0009 0.9974
19 1.0021 0.9976
20 up 1.0063 1.0000 1.0045 0.9942 1.0029 0.90% 1.0012 0.9975
20 di, 2.0047 0.9996 1.0051 0.9989 1.0021 0.9992 1.0012 0.9975
21 000000000fl0000CCfl000 C 1.0014 0.9975
22 000C0000C000000000%000000000000C 1.0011 0.9975
25 up 1.0065 1. 1.0045 0.9992 1.0031 0.9495 1.0015 0.9975
2* di. 2.0049 0.9996 1.0054 0.9989 1.0024 0.9982 1.0015 0.9975
24 00C0000000000000%0000000fl0000000000040.9999 0.9975
Peg f 6000 1 12000 SQC.0 etc

coi l-agt.r coi I-.ester coi I-aster coi l-.ester
1 0.0017 31.16 11.?
2 up 0.0043 0.00*5 0.0028 0.0022 52.58 12.0
2 dee 0.0033 0.0027 0.0024 100000W

0.002? 83.50 15.2
4 0.0021 32.09 11.?
5 up 0.0042 0.0054 0.0026 0.0019 51.53 10.8
Sdi. 0.0032 0.0025 0.0020 20% 200000W
6 0.0021 32.35 11.4

0.0024 32.50 12.5
8 up 0.0037 0.0030 0.0020 0.0012 29.99 20.8
S di. 0. 0.0017 0.001* W 100000W
9 0.0011 24.76 10.6

10 0.0019 51.63 11.8
11 up 0.0065 0.0045 0.0034 0.0051 34.43 14.6
11 di 0.0042 0.0057 0.0054 00000C 100000W
12 0.0029 33.96 14.6
25 0.0014 30.45 11.1
14 up 0.0021 32.09 12.8
14 di. 200000W
15 0.0027 33.50 13.?
15 0.0018 31.89 12.2
1? up 0.0%2 0.0043 0.0086 0.0029 83.71 14.0
1? di 0.0041 0.0084 0.0029 1000
18 0.0052 84.54 14.4
19 0.0045 57.70 16.8
20 op 0.0063 0.0061 0.0044 0.0017 55.88 15.0
so a 0.0061 0.0042 0.0089 1000 20000% 00W
21 0.0084 36.10 15.9
22 0.0086 35.60 15.5
25 up 0.0065 0.0001 0.0044 0.0040 16.53 16.2
28 di 0.0%3 0.0045 0.0042
24 0.0024 *2.80 15.4

1?: 83.1761 18.1444
2-11 0.0045 0.0%6 0.0028 0.0021

sig 0.00% 0.00% 0. 0.
nag. 0.0019 0.0016 0.0019 0.0014

14-fl 0.0%0 0.0049 0.0042 0.0082
.g 0.0%? 0.00% 0.0006 0.0%9
range 0.0018 0.0010 0.0010 0.0019

2-fl 0.0%2 0.0043 0.0035 0.0028
sig 0.0011 0.0%9 0.0010 0.0009
nag. 0.0019 0.0015 0.0022 0.0019

2-11 0.0053 0.0%? 0.0028
aig 0.0007 0. 0.0009
nags 0.001? 0.0%0 0.0021

14-fl 0.0044 0.0040 0.0057
sig 0.0%6 0.0006 0.0007

0.0012 0.0011 0.0013

2-23 0.0041 0.0053 0.0080
cig 0.0010 0.0010 0.0010
range 0.001? 0.0020 0.0%1

ML
1-24 0.0026
sig 0.0%9
nags 0.0054



41t conPO-’-’75 tfl’5 4-s RG4-SVR.G.O"

Cci If 104 N5J0S0I07A 1/4 sc LI Date 2/30/90
SI.ia: 0.003 C.I lar error: 0

sIrsgs 5000 0000 10000 12000
gize 0.01% 0.0009 0.0001 0.0072

linear fit sIngs a fsize
sO * 24.92 Ipsi di/da s -1.917 hp.i/eil

collared etre.s
9.1

Cci If 1% K.gf0507A 1/4 Icc In Date 1/80/40
Sbis: 0.003 Collar error: 0

sIr.a 6000 8000 10000 12000
gize 0.0114 0.0211 0.0100 0.0086

linear fit strea a fsize
s0 s 27.25 bpei a/die s -1.758 Ipsi/si I

collared stregg
22.1

Coi If 306 IIagfOSOlO7A 1/4 lot 0 Dat. 1/1/90
Sl.is: 0.0% Collar error: -0.0015

sIn.a 6000 8000 20000 12000
sire 0.0115 0.0106 0.0099 0.0090

Ilagar fit streeg a feire
*0 - 54.51 Ipsi di/da a -2.501 kp.i/eil

coliar.d sIrsg.
15.0

CoHf 307 llsgftCO307A 1/4 lao 0 Date 8/8/00
Sloe: 0.000 Collar srror: -0.0015

stne.s 6000 9000 10000 12000
size 0.0117 0.01% 0.0100 0.0091

linear fit sIren * fsize
sO a 35.31 kpei dg/dz a -2.537 bp.i/ai I

collared sIrges
15.1

Collar coaplhate in tern of suerag. ieagr.aeater coil sIren
Collar vertical offset individusl collar ausy frog ageet center
dx/de a 0.56 aile/lpse a0 * 2 ails

Coil averagesIregg a fcol Ian diflesIiae
g0 * 4.57 kpai di/da * 1.786 kpsi/ael

Average of 4 coils:
s0 a 80.00 kpgi di/da * -2.10 kpsi/s. I

Collar vsrtical radiae:
8.6 ails

Avenge inner stren - 10.6
Average outer sIren a 15.1

Meng, coil strea a 11.8



,4-$$LIMLAJ6 ottA-f e14u1ry IS ?-M!L-S o1efls;a.f-

Coi If 104 IlagfOS0l07A 1/4 Icc LI Date 1/30/90
This: 0.005 Collar error: -0.007

atrea 6000 8000 10000 12000
size 0.0035 0.0019 0.0011 0.0002

linear fit strega a fsize
a0 a 12.10 Isp.1 a/dr a -1.817 kpsi/sil

collared str.a
5.8

CoiIf 1% Hagf0S0307A 1/4 lot Ut Date 1/10/90
This: 0.003 Collar error: -0.007

stress 6000 0000 10000 12000
size 0.0049 0.0041 0.0080 0.0016

linear fit sInes a fsizs
e0 a 14.46 kpgi ds/da a -1.758 lipsi/scI

collared stran
6.4

Coi It 306 NsgjOSO3O7A 1/4 Icc 0 Dete 3/2/90
This: 0.0% Collar error: -0.0005

strsa 6000 9000 1 12000
size 0.0045 0.0036 0.0%9 0.0020

linear fit atreasa fsize
s0 a 27.20 kp.i di/dz a -2.501 Icpgi/eil

collared sIren
5.0

Coi It 307 H.9f060107A I/I lot 0 Date 3/3/90
This: 0.008 Cal lur error:

sIren 6000 8000 10%0 12000
size 0.0047 0.0053 0.0030 0.0021

linear fit stress a fsize
s0 a 16.95 kp.i do/dr a -2.357 Icpei/aiI

collared strea
6.6

Collar coopl ianca in tern of average inner.oet.r coil sIren
Collar vertical offset individiasl collar any frog agnet center
da/di 0.56 sils/lpgi r0 - 2 oils

Coil avengesIren a fcoI lar diflection
s0 a 4.57 Ipsi de/da a 1.786 kp.i/sil

Ave of 4 coils:
a1e 15.28 kpsi ds/dza -2.10 kpei/ail

Collar vertical radiag:
4.8 ails

Avenge liner stress a 4.9
Average outer strea a 5.5

Average coil sIren a 5.1
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SuperconductingSuper Collider Laboratory
2550 BeckleymeadeAvenue,Suite 220

Dallas, IX 75237-3946
Magnet SystemsDivision
Business Management Group

MEMORANDUM

To: Re Briggs and T. Bush

From: RgBg Palmer

Date: March 26, 1990

Subject: MAGNET TASK FORCE, INTERIM REPORT#3

This report reflectsdiscussionof theTaskForceat its meetingon 321/90,heldat SSCL,
andotherdiscussions.

Modification to orevious recommendation

Therecommendation1 in report#1 on theod yoke13 in. shouldbe modifiedto define
theOD of theshell. The ODof theshell shouldbe 13-3/8in. or340mm.

Recommendations:

1 theratio ofcopperto superconductorfor thecablesshouldbe:

inner 1.5:1 outer:1.7:1

Thesechoicesgive: short samplefield, field margin, andcoppercurrentdensitiesat6.6
and7.2 Teslaof:

inner: 7.26T 10% 712A/mm sq 782AJmmsq

outer: 7.46T 13% 866AMm sq 953A/mmsq

Thecoppercurrentdensitiesin theoutercablearehigherthansomeofuswouldlike, but
theobservedrarity of trainingquenchin theouterlayer, in currentSSCmagnets,suggests
that this shouldnot be aproblem.

In addition,thedevelopmentofan outercablewith ratioof 2.0:1 which wouldhave
matchedthemarginsin innerandouterlayers wasconsideredto be a significanttask, and
notworth thepossiblesmallimprovementin first quenchfield.



Thecostsavingsin further raisingthecopperratio egabout5 inS for a changefrom 1.5: 1
to 1.7: 1 werenotconsideredto be worth theloss in field margin.

Note that this field marginof 10% will probablybereducedby subsequentdecisionssee,
for instance,recommendation#3.

2 An intermediatetemperatureBeamTubeLiner shouldbeinsertedwithin theboreof the
magnet. Cooling,ataround20 degrees.shouldhavethepotentialcapacityofremovingat
least10 timesthepresentdesignsynchrotronradiationloss.

Sucha liner will allow future upgradesof machineluminosity,by allowing an orderof
magnitudehighercurrents.

Suchaliner will alsoallow operationof themagnetsat lowerthandesigntemperature,this
increasingeithertheoperatingfield oroperatingmargin.

If suchaliner is not designedin at this time, it will beeitherimpossible,orvery expensive
to retrofit it later.

A studyof thedesignof this bore tubeliner shouldbe initiated,atonce,jointly by the
magnetandacceleratordepartments.

3 Thequadrupoleapertureshouldbe raisedto 5 cm.

The changewill makeit possibleto insert,within theboreof thequadrupolesasis now
possiblein thedipoles,theintermediatetemperaturebeamtubeliner.

It will reducethecontributionsto field errorsfrom thequadrupolesandmake the
contributionpermeter,orpermagnetend,approximatelythesameasthosefrom the
dipoles. Notethat theeffectson aperture,permeter,orpermagnetend, will still begreater
for thequadrupolesthanfor thedipoles,becausethebetafunctionsareattheir maximain
thequads.

Thechangewill easethepossibleproblemsin winding thepole turnswith thewidecable.

Thechangewill makethetooling radii thesamefor quadrupolesanddipoles. It will also
easethedesignof interconnectsbetweenquadrupolesanddipoles.

4 Thenewquadrupoledesignshouldusethesamecableasspecifiedfor theouterlayerof
thedipole. Theironyoke shouldbe allowedto comerelatively closeto thecoil, in otherto
maximizethegradientandmatch,asnearlyaspossible,thedroop in thetransferfunction
of thedipole. The field marginshouldnotbelessthanthatin thedipoleinnernow 10%
atoperatingenergy.

It is recognizedthat theresultingquadrupolewill haveasomewhatlowergradientthanthat
of thepresent4 cmdesign. It will, asaresult,haveto be somewhatlonger. The dipoles
will haveto be alittle perhapsof theorderof 1% shorter,andwill haveto operateata
sightlyhigherfield. This, in view of the currentdesignfield margin,seemsreasonable.



5 A priority engineeringstudy is neededon thevertically split yoke design. In otherto
specifytheshell thickness,and thusyoke outsidediameter,thelossof stressin theshell
duringcool downmustbecalculated.Thedifferential coefficientsofexpansionandthe
changingyield strengthof thealuminummustbe trackedwith temperature,and, theeffects
of friction betweentheshelland yoke mustbe included. It mightbe usefulto constructand
instrumentedshortsectionto observethebehaviorof thisdesign.

It is recognizedthatcalculationson thefasttrackhorizontalsplit yokemusthavethehighest
priority, in asfar asthey mayeffecttheyoke orcollarspecifications.But studieson that
design,beyondthoserequiredfor thespecification,shouldgivewayto thoseneededfor
thevertically split yoke.

6 For themoment,all 5 cm magnetsshouldusekaptonandepoxyfiberglassinsulation
thestandardinsulation.

Nevertheless,theBNL studiesof alternativesshouldbecontinued,andFNAL shouldtry,
within reason,to maketheirtooling capableof usingthem.

7 In orderto allowcontinuingstudyof alternativesall kapton insulation,aluminumbar
yoke,aluminumcollarsetc.,andto haveareal horizontallysplit yoke,BNL end, backup
design;theBNL programshouldbe expandedto include full length5 cm magnets.

TheFNAL programwill behardpressedto producetherequiredmagnetsfor thestring
test,and doesnothavethecapabilityto simultaneouslypursuepossibleserious
improvements.

If thealternativesarenotpursuedactively,andwith full lengthmagnets,it will not be
possibleto incorporatedthemwithoutsignificantlaterdelay. To try andpursuethese
alternativesonly in industry,orat SSCL,will be too late, andwill lacktheBNL
experience.

If problemsshouldarisein theFNAL magnets,dueto anyof thechangesthat they are
introducing,a seriousdelaywill beintroducedunlesswehaveareal,andtested,backup.
For FNAL notto adoptthesechanges,becausethereis no backup,would meanaccepting
seriouscompromises.

We need,andwill continueto need,all theexpertisewe canget. The BNL grouphasbuilt
all thecurrentlytestedfull length4 cmcoils andassociatedyokes. Theyhavetheir5 cm
work to shortmagnetswill greatlyreducetheir overall involvementandcommitment,and
limit our accessto theirexpertise.

Recommended Sthdies

1 Studyofthealuminumcollar, aluminumbar,vertically split iron yoke,shouldcontinue
with relatively highpriority, ibis is avery attractivepossibility,but will haveto be rapidly
developedif it istobeavailablefor usein time. Themagneticdesignoftheyoke is being
studiedat BNL. If areasonablesolution is found,thenastressanalysisshouldbe doneas
soonaspossible. This haslesspriority thanthatneededfor theBNL orFNAL track
specifications,but ahigherpriority thananalysisof thosedesigns,aftertheyarespecified.



2Studiesalreadyin progressatBNL andLBL of alternativemethodsof correctingthe
saturationsextupolewith holes,shims,elliptical or otheryoke shapesshouldalso
continue.

3 Study ofthefishbonean andquenchventingproblem shouldcontinue,butthis doesnot
now seemto be ahigh priority question.

4 Studiesshouldalsocontinueof alternativecoil arrangementsto lower peakfields,
simplify construction,andhavewedgein theinner layeroppositethepoleshimof theouter
layer. But thesetoocancontinuewith relatively low priority. Theycanbeincorporated
with little perturbationatalatertime.

SubjectsFor Next Task Force

slip planes,teflon andshoes.

Endquestions:iron, clamping,splice, spacers,interconnectsetc.

Reviewof ongoingstudies

Future Meetings:

April 10, 1990 at 551 10:00amto 6:00 pm Building 1, Suite285

May3, 1990 atLBL 9:OOamto4:OOpm

May9-1O, 1990 atSSCL

bl

AFD:b.palmer/T.F.report3


