TS-8SC 90-003
Choosing Collaring "Shims® for DS0309

J. Strait
3/29/90

DS0307 and DS0308 preloads are substantially lower than predicted from
the measured coil sizes, the measured collar dimensions and the elastic
properties of the coils and collars. The current speculation is that this
is because the effective collar cavity size is larger than expected either
because of co!lar dimension errors or because the kapton ground insulation
is flowing into the die break of the collars. This is suggested by the
large sextupole moment in DSO308. (See e-mail 3/28/90 "DS0307 and DS0308
preloads explained?*) To explain both the observed preloads and the
observed sextupole require that the collar cavity be too large by 7 mils
per quadrant in both the inner and outer coils. (This is in addition to
the 1.5 mils that the outer coil cavity is oversize according to Cordax
measurements.) Additional kapton must be added %o the ground insulation to
take up the extra space.

To achieve the desired prestress (10 kpsi) the coils must be 7.4 mils
larger than the design size at 10 kpsi. (This is the amount by which the
collars deflect under a load of 10 kpsi.) If the coils are smaller than
this and additional amount of kapton must be added to build the coils up to
the desired dimension. The amount of kapton is based on the average size
of the series of coils cured under identical conditions. The inner coils
for DSO309 (108 and $109) were cured with the nominal cavity size. I had
data from 6 coils cured under these conditions: 104 - 109, At 10 kpsi the
average size of these coils ranges between +2.7 mils and + 7.0 mils with an
average of +4.3 mils. Thus 3 mils of kapton is required to bring the coil
package to the desired size. The outer coils were wound with the mold
cavity increased by 8 mils from its nominal size. I hade data from 3 coiis
molded under these conditions: 308 - 310. At 10 kpsi the average size of
these coils ranges from +7.0 to +7.8 mils with an average of +7.5 mils.
Thus no additional kapton is required for these coils.

The total azimuthal kapton "shim® amount is 7 + 3 = 10 mils for the
inner coil and 7 + 1.5 + 0 = 8.5 mils for the outer. The outer coil shim
was rounded down to 8 mils because this will tend to increase the inner
coil stress at the expense of a small loss of outer coil stress.

Attached are

1) A table of the average coil sizes on which this calculation was
based,

2) The spread sheet used to calculate the expected DS0309 coil
prestress and collar deflection using the specified shims and
collar dimensions,

3) A graph of the expected prestress and collar deflection as a
function of position along the coil, and

4) A copy of the memo instructing Imre Gonczy of the chosen shim
thicknesses.
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 2-28)
sig
Tinge

DOWN:

< 2-11>
»ig
rangs
{14-23»
sig

< 2-28)
eig
range

Hapf 1/4 loe

voi! mester

Inner  Date

mrtor coil

)
0.0272 0.0192 0.0249 0.01%0 0.0225 0.0168
0.0246 0.0165 0.0228 0.0178 0.0212 0.0183

2/3/9

0000 ——  — 12000 ———
mstor

il
0.0181
0.01%

0.0266 0.0192 0.0242 0.0180 0.0220 0.0166
0.0241 0.0185 0.0222 0.0176 0.0207 0.0164

OOOOSOOOOXCOOOOO0000000D0NO0G0OON00NO0NGOND00

0.0256 0.0192 0.0281 0.0180 0.0207 0.0168
0.023¢ 0.0185 0.0206 0.0176 0.0195 0.0164
* * * D

0.0259 0.0192 0.0238 0.0180 0,021 0.0188

0.0238 0.0185 0.0216 0.0176 0.0200 0.0l
OO COOOOCOODDCOCO00DD
0.0235 0,012 0,0214 0.0180 0.0192 0.0168

00218 0.0185 0,018 0.0176 0.0181 0.0164
0.0248 0.0192 0.0216 0.0180 0.0195 0.0168
0,021 0.0186 0.0198 0.0176 0.018¢ 0.0154

CCCCC000CCO0000CO0D0CONCODCOOONO0ANNDNN0ON00
+

0.0226 0.0192 0.0207
0.0210 0.0185 0,019

0.0166
0.0176 0.0176 0.0184

0.0250 0.0192 0.0226 0.0180 0.0202 0.0185
0.0225 0.01B5 0.0206 0.0175 0,0190 0.0164

8000 10000 12000
oo l-mester oo l-master coil-mastar coil-mster

0.0030

0,0080 0.0069 0.005% 0.0047
0.0061 0.0065 0,0049

0.0054

0.0042

0.0074 0.0062 0.0054 0.0042
0.0056 0.0047 0.00438

0.0041

0.0023

0.0058 0.0051 0.0041 0.0081

0.0045 0.0081 0.0031 0000000

0.0020

0.0035

0.0067 0.0058 0_004E 0.0088

0.0048 0.0040 0,003 200000000

0.0083

0,0020

0.0044 0.0084 0.002¢8 0.0018

0.0028 0.0021 0.0017 20000000,

0.0026

0.0027

0.0061 0.0038 0.0029 0,0021

0.0031 0.0028 0.0020 300000008

0.0024

0.0025

0.0084 0.0027 0.0018 0.0010

0.0025 0.0015 0.0012 00000000

0.0019

0.0022

0.0058 0.0046 0.0088 0.0028

0.0040 0.00381 0,0026 X000000K

0.0004

0.0071 0.0060 0.0050 0.0040

0.0008 0.0008 0.0008 0.0007

0.0017 0.0018 0.0018 0.0016

0,0047 0.0008 0.0027 0.0019

0.0010 0.0008 0.0007 0.0007

0.0024 0.0019 0.0018 0.0018

0,0069 0.0048 0.002% 0.0029

0.0015 0.0015 0.0014 0.0013

0.0045 0.0042 0.0041 0.0087
0.0058 0.0048 0.6040
0.0007 0.0010 0.0008
0.0018 0.0024 0.0018
0.0081 0.0023 0.0019
0.0006 0.0007 0.0006
0.0015 0.0016 0.0014
0,0042 0.0083 0.0029
0.0018 0.0014 0.0012
0.0035 0.0040 0.0087

AL

€1-24> 0.0029

sig 0.0012

range 0.0050

S (X=0) otr
(collar)

24.17 6.7 10
27 .62 7.3 12.8
29.04 7.5 138

26.60 7.8 1l
26,50 72 119
26.40 7.4 113
.78 7.4 9.9
24.37 7.2 9.8
2178 7.0 9.6
2%.18 7.8 10.8
25.79 7.8 11.1
24.70 7.1 104
2.14 1.7
21.74 1.0
00000O00CCEOA00HN0000
5.3 9.5
25.56 9.3
2.8 7.8
J00000A0CO0R000000000000,
7295 9.0
28.15 8.1
20.11 5.4
XO000O00C00000000000000¢
21,94 7.2
22.56 7.3
23.56 9.5
X0000000000000000000000,
18.%0 5.4
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I 108 Mapd DSO30 1/4 loc IMMER Data  2/8/%

8000 = ———e m—— — — e 12000 ——
ceil mestar ooil meater oil wmster  oeil ;-;:.;;
0.0268 0.0192 0.0246 0,010 0.0220 ©.0166 0,015 0.0151
0.0241 0.0184 0.0226 0,0173 0.0210 0.0162 0.0196 0.0i51

0205 0.0151
0.0151
0.0251 0.0192 0.0227 0.0180 0.0205 0.0166 0.018¢ 0.0151
0.0726 0.0184 0.0210 0.0173 0.01%4 0.0162 0.0180 0.0151

-

£ 24

LA
0.0245 0.0189 0.0222 O.0i76 0.0200 0.0184 0.0178 0.0149
0.0219 0.018) 0.0202 0.017t 0.01B5 0.0161 0.0173 0.0149
0.015% 0.0150

oD D OO e B NN
LT ]

0
11 wp 0028 0.0191 0.0220 0.0177 0.0202 0.0163 0.0179 0.0150
11 dn 0.0225 0.0182 0.0208 0.0171 0.019% 0.0161 0.0179 0.0150

OO OO OO OO O OCOOODOCCOCOOCOO00
14w  0.0245 0.0191 0.0224 0.0177 0.0202 0Q.0183 0.0176 0.0151
t4dn  0.0222 0.0162 0,0204 0.0171 0.0190 0.016% 0.0176 0.0151
16 0.0188 0.0161
16 0000000000000 000000000000 6.0201  0.0161
17w  0.0212 D,0151 0.0245 0.0177 0.0222 0.01685 0.0197 0.0151
17dn 0,025 0.0182 0.0226 0.0171 0.0210 0.0161 0.0197 0.0151

18 0.0197 0.0151
1% 0.0182 0.0151
2 up 0.0250 0.019% 0.0226 0.0177 0.0202 0.0163 0.0172 0.0160
20 dn 0.0224 0.0182 0.0207 0.0171 0.0191 0.0161 0.0172 9.0150
Fa} COOOOHOOOCODOOOOGON0LOCOOOOOOO00N0AN00GN00000. 0.0171 0.0150
22 COO000000000000000000C00000CO0D00DCTON00000 01 0.0150
B 0.0262 0.0181 0.0280 0.0177 0.0207 0,0168 0.0177 0.01%0
g dn 0.0225 0.0162 0.0208 0.0171 0.0188 0.0161 0.0177 0.01%0
Pos § 6000 BO00 10000 12000
oo |-master oof |-maatar col l-master cof f=mater
1 0.0026
2w 0.0076 0.0085 0.0054 0.0044 25.45
2dn 0.0067 0,0052 0.0048 XOC0000L
3 0.0064
4 0.0038
5 up 0.006% 0.0047 0.00%9 0.0029
5 dn 0.0042 0,0087 0.0032 30000000 100C000,
[} 0.0028
1 0.0021
1w 0.0066 5.0048 0.0036 0.0024
4 dn 0.0038 0.0081 0.0024 000000
9 0.0009
10 0.0082
11 wp 0.0048 0.0043 0.0009 0.0029
1 0.0043 0.0087 0.0082
12 0.0085
12 0.0025
14 uwp 0.0054 0.0047 0.0039 0.0026 2.74
14 0.0040 0.0033 0.0029 X000 poorieesd
16 0.0087 25.00
18 ©.0060 27.82
17 wp 0.0081 0.0069 0.0089 0.0046 26.84
17 da 0.0068 0.0055 0.0049 0020000 20000000,
18 0.0048 26.84
19 0.0041 25.9
20 wp 0.0059 0.0048 0.008% 0.0022 22.16
20 da 0.0042 0,0036 0.0080 0000000, 3000000,
21 0.0021 21.96
2 0.0020 21.76
28 up 0.0061 0.0068 0,0044 0.0027 28.18
25 oo 0.0048 0.0037 0.0082 000000
24 0.0011
WP
< 2-11> 0.0080 ©.0060 0.0042 0.0082
sig 0.0012 0.0010 0.0008 0.0009
range 0.0028 0.0022 0.001% 0.0020
Ci4-28  0.0084 0.0054 0.0045 0.0080
wig 0.0012 0.0010 0.0009 0.0012
rangs 0.0027 0.0022 0.0020 0.0024
< 2-28y  0.0062 0.0062 0.0044 0.0081
aig 0.0011 0.0010 0.0008 0.0009
rangs 0.0028 0.0022 0.0018 0.0022
¢ 2-11)  0.0045 0.0039 £.0084
sig 0.0009 0.,000% 0.0010
rangs 0.0021 0.0021 0.0024
Q4-28)  0.0047 0.0040 0.0028
eig 9.0011 0.0010 0.0009
0.0028 0.0022 0.0020
< 2-28)  0.0045 0.0040 0.0086
sig 0.0009 0.0009 0.0009
Fangs 0.0021 0.0021 0.0024
AL
1-24) 0.0081
sig 9.0012
rangs 0.0045
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Coil§ Magh DSO809 1/4 loe OUTER Date 8-18-90
Pos § —— BO00 ——  — 10000 —— o~ 12000 ~——
i ooil master coil master
1 0080 0.%575
2w 1.0092 1.0000 1.0071 0.9992 1.0063 0.99656 1. 0.975
2 dn 1.0071 0.9970 1.0054 0.9989 0042 B 0.9976
3 0.9975
4 i 0.9975
5w 1.0065 0.9985 1. 0.9975
& dn 1.0054 0.9983 0.9975
] K 0.9975
T o 0.9975
| B i 0,975
8 dn s 0.9975
9 0 O 4 0.99756
10 i

ilu  1.0104 1,0000 1.008% 0,991 1.0067 0.998¢
11 dn 1.0082 0.999% 1.0066 0.9988 1.0055 0.9962
D GO0 *

* *
14 up 1.0086 1.0000 1.0066 0.9991 1.0047 0.99€4

T T T
2

14 dn 1.0066 0.9996 1.0048 0.9968 1.0087 0.9962 1. 0.9975
15 . 0.9975
18 . 0.975
17 wp 1.0086 1.0000 1.0065 €.9991 1,0046 0.9984 1. 9.975
17 dn 10065 0.99%6 1.0048 {.9968 1.0087 0.992 1. 0.975
18 OO0 D00 DD00DaO0DDNRCNEN000000000000CD R 0.9978
19 00000 DODOOOCOCOCOODDRC0000000O0000000 o 0.9976
20 up 1.0086 1.0000 1.0071 0.9991 1.0054 0.9984 1. 0.9975
20 dn 1.0072 0.9996 1.0057 0,9988 1.0044 0.9982 1. 0.9975
21 OCO0000000DCD00000000 d 0.99756
2 . 0.%975
L v 4 0.94975
28 dn . 0.9976
24 i 0.9975
Fos § .. 5000 L j ] S(X=0) wir  avg str
ooil-meter oo |-sater oo |-master ooi |-mester (wtur%
1 0. 20.2¢ 9.2 .
2w 0.0092 0.0079 0.0088 0.0058 20.75 8.7 9.5
2dn 0.0101 0.0085 0.0069 prieririd O00ORORR0NK
3 0.,0059 20.92 8.5 9.2
4 0.0065 20.26 8.3 9.3
5up 0.0108 0.0162 0.0080 0.0071 22,90 108 10,0
6 dn 0.0084 0.0076 0.0071 R000000 X00000000000000
] 0.0072 22.06 10.8 2.5
7 0.0061 21.28 9.1 9.7
0w 0.0091 0.0080 0.0071 0,0062 21.41 9.5 8.8
8 dn 0.0075 0.,0067 0.0053 00000O000000000
9 0.0070 2,73 1.1 B4
10 .0075 28,58 1.5 9.1
11 wp 0.0108 9.0092 0.0063 0.0078 25.28 11.3 9.7
11 dn 0.0088 0.0079 0.0078 J00DEE0000000000
12 0.0064 21.74 10.0 8.7
18 0.0046 10.77 7.1
W 0.0006 0.0075 0.0063 0.0054 20.09 9,1
14 dn 0.0089 0.0080 0.0056 2000000¢ 000000
15 0.0063 19.92 1.8
18 0.002% 17.61 6.0
17 wp 0.0085 0.0074 0.0062 0.0054 20.09 B.2
17 da 0.006% 0.0060 4.0056 OO 0000000
18 0.0061 2.% 9.1
i 0.0060 21.08 L
2w 0.0006 0.0000 0.0070 0.0060 21.08 9.1
20 dn 0.0076 0.0069 0.0062 00000000 X000
21 0.0058 20.75 0.8
-] 0.0058 21.58 9.2
B 0.0088 0.0076 0.0065 0.0064 20.09 8.0
23 dn 0.0071 0.0082 0.0086 0000003 000000 000000
24 0.0049 19.26 8.3
u
< 2-11>  0.0097 0.0103 0.0076 0.0068
sip 0.0007 0.0040 0.0007 0.0007
range 0.0012 0.0088 0,0015 0.0015
<{14-22>  0.0006 0.007¢ 0.0085 £.0058
sig £.0001 0.0008 0.0004 0.0003
rungs ©.0001 0.0068 0.0008 0.0008
< 2-28> 0.0091 €.0090 0.0070 0.0061
nig 0.0000 0.0030 0.0008 0.0008
range 0.0018 0.0088 0.0021 0,0019
DOWN:
< 2-11>  0.0087 0.0072 0.0087
aig 0.0011 0.0008 0.0007
range 0.0026 0.0013 0.0014
1428y 00071 0.0088 0.0057
sig 0.0008 0.0004 0.0008
0.0007 0.0009 0.0007
< 2-28 0.001% 0.0087 0.0062
sig 0.0011 0.0007 0.0007
rangs 0.0082 0.0018 ¢.0018
AL
d4-26 0.0059
sig 0.0009
rangs 0.0038
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<14-28>
eig
range

< 2-2h
uig
Fadge

DO

< 2-11»
sig
rangs
€14-28)
nig

<2
wig
range

308  Meof DSOBO9 1/4 loc OUTER Date 3-13-90
e B00Q e oam OO0 mmmm = 10000 e = 12000~
coil mester uil mster il meter  ooil msber
1.0038 0.9975
1.0106 1.0000 L. m 0.9991 1.00658 0.9984 1.00456 0.9974
1.0081 0.9995 1.0056 0.9968 1.0053 0.9981 1.0045 0.9974
1.0048 0.9974
£.0043 0.9974
1.0100 1.0000 1.0079 0.9991 1.0062 0.9984 1.0042 0.9974
1.0080 0.9995 1. oost 0.9989 1.0052 0.99681 1.0042 0.9974
1.0048 0.9974
1.0044 0. 94
1.0090 1.0000 1.0070 0.9%991 1.0061 0.9984 1.0088 0.9974
1. mn 0. 9995 1.0058 0.,9988 1.0043 0.9961 1.0088 0.9974
1.0082 0.9974
1.0040 9.9974
1.0011 1.0000 1.0088 0.9991 1.0071 0.998% 1.0051 0.9975
1.0089 0,997 1 0072 0.9969 1.0060 0.9982 1.0051 0.9975
1.0050 0.9975
1.0027 0.9975
1.0096 1.0000 1.0074 0.9991 1.0057 0.9983 1.0088 0.9975
1,0074 0,997 1.0067 0.99%99 1.0046 0.9962 1.0036 0.9975
00 1.0084 0.9975
1.0087 0.9975
1.0100 1.0000 1.0079 0.9%91 1.0061 0.9963 1.0042 0.99015
1 Wﬂ 0.9997 1.0082 Q. m 1.0050 0.9982 1.0042 0,975
X 1.0049 0.9975
00 0 i 1.0044 0,915
1 0106 1 0000 1. ooes 0.9991 1.0067 0.9988 1.0048 0.9975
1.0084 0.2997 1.0067 0.9989 1.00656 0.9962 1.048 0.%9I6
1.0M45 0.9975
1.0047 0.9975
1.0090 1.0000 1.0070 0.9991 1.0052 0.9968 1.0033 0.9975
lm 0.999T 1.0052 09999 100‘0 otmz 1.00356 0.9976
00 tt 00 000 1,0029 0,975
WW 12000 5(%=0)
ooi l-mester ooi |-mastar caii-master 00 |l-mstar
0.0058 24.94
0.0106 0.0092 0.0082 0.0071 28,12
0.0086 0.0078 0.0072 0000000
0.0069 27.88
0.0069 27.63
0.0100 0.0008 0.0078 0.0068 2.5
0.0085 0.0078 0.0071 00000
0.0069 27.83
0.0070 27.67
0.0090 0.0079 0,0087 0,009 25.19
0.0078 0.0088 0.0062 000K XG000000
0.0058 24.94
0.006% 2753
0,008} 0.0097 0,0088 0,0076 2.4
0.0092 0.0083 0.0078 TODO0 Q00000
0.0075 29.10
0.0062 28,48
0.0006 0.0088 0.0074 0.0061 25.668
0.0077 0.0068 0.0064 00000000
0.0359 25.19
0.0062 25,92
0.0100 0.0066 0.0078 0.0067 2.4
10,0080 0.0073 0.0058 000000
0.0074 26.85
0.0069 27.68
0.0108 ©.0092 0.0084 0.0071 29.12
0.0087 0.0078 0.0078 20000C0X
©.0070 27.67
0.0072 28,85
0.0090 0.0079 0.0069 0.0058 24.94
0.0072 0.0063 0.0058 30000000 X000000(
0.0064 23.97
26,8565
0.0677 0,009 0.0079 0.0069
0.0044 0.0008 0.0009 0.0007
0.0094 0.001B 0.0021 0.0017
0.009% 0.0068 0.00786 0.0084
0.0007 0.0006 0.0006 0.0006
0.0016 0.0018 0.0015 0.0013
0.0087 0.00687 0.0078 0.0066
0.0081 0.0006 0.0007 0.0006
0.0054 0.0018 0.0021 0.0018
0.0085 0.0076 §.0071
0.0007 0.0005 0.0007
0.0016 0.0016 0.0016
0.0079 0.0071 0.0068
0,0006 0.0006 0.0006
0.0015 0.0015 0.0015
0,0082 0,0078 0.0058
0.0007 0.0007 0.0007
0.0020 0.0020 0.0020
AL
<1-24» 0,0066
sig 0.0007
range 0.0024
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Coilf 108 Mapd DSOB0S 1/4 loc Inmer Date 2/3/%0
Shin: 0,010 Collar errer: -0.007
atresw §000 8000 10000 12000
eizs  0.0089 0.0078 0.0069 0.0059

linesr Tit strese = {{gize)
-fo) = 23.91 kpai  defdx = -2.028 kpei/nil
ool I;lg stross

Coilj 109 Heof DS0B09 1/4 loc INMER Date

Shil:' 0.010 Collar arror: {0.007 R
whiress 6000 G000 10000 12000

size  0.0092 0.0062 0.0074 0.0061

linsar it stress = f(size)
s{0) = 24,06 kpei  defdx = -1.952 kpsi/ail
ool l;ad stross
9

Coilf 809 Magf DS0309 1/4 lec OUTER Date 3-16-90
Shim:  0.008 Collar error: -0.0085
stress 5000 9000 10000 12000

wize 0.0006 Q.0085 0.0085 0,0056

finenr it atross = !(0112
o{0) = 21,05 kpai fdx s -1.851 kpei/ail
ool t;tg strass

Coill 308 Hag} D50809 1/4 loc OUTER Date 3-13-90
Skim:  0.008 Collar error: -0.0085
strees $000 5000 10000 12000

size  0.0082 0.0082 0.0078 0.0061

linear it strose = f(site)
w(0) = 27.22 kpsi defdx & =2,442 kpsifmil
ool l;-g strass

Collar complisnce (in terms of average innsreouter ooil strass)
Collar vartical offest (individusl collar avay fron megnet center)
de = Q.58 aile/kpei =2(0) = 2 nils

Coil avarage stress = f(oollar deflaction
o0} = -3.57 kpei  defdx = 1,786 kpei/mil

Averags of 4 coils:
o(0) = 24,06 kpai  defdx = -2.02 kpeifuil

Collar vertical radiue:

7.3 =nils
Average inner stress = 9.5
Aversgs suter strese = 9.3

Aversge coil strane » 9.4
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3/29/90

To: Imre Goncezy
From: Jim Strait i
Subject: DS0309 /Collaring Shims

In addition to the normal ground insulation 10 mils of Kapton should be
added to the pole faces of the inner coil and 8 mils to the outer coil. This
Kapton should be extended as far into the end as possible. The Kapton will
consist of two layers whose ends should be staggered by about 1/2”.

cc: Rodger Bossert
John Carson
Wayne Koska



