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Figure A-14. Coating Thickness Profile of Conductor A at Location 08-1/4
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Figure A-15. Coating Thickness Profile of Conductor B at Location 08-1/4
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Figure A-16. Coating Thickness Profile of Conductor C at Location 08-1/4
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Figure A-17. Coating Thickness Profile of Conductor E at Location 06-3/4
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Figure A-18. Coating Thickness Profile of Conductor A at Location 06-3/4
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Figure A-19. Coating Thickness Profile of Conductor B at Location 06-3/4
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Figure A-20. Coating Thickness Profile of Conductor C at Location 06-3/4
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Figure A-21. Coating Thickness Profile of Conductor E at Location 04-1/2
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Figure A-22, Coating Thickness Profile of Conductor A at Location 04-1/2

73



B04-1/2

I~
=]
=4

Reproduced with permission of the copyright owner

4

3

Orientation
Figure A-23. Coating Thickness Profile of Conductor B at Location 04-1/2

=] o o o o
© © < o~ o
(snw) ssoundpyL

. Further reproduction prohibited without permission.

74



3

Orientation

C04-1/2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure A-24, Coating Thickness Profile of Conductor C at Location 04-1/2
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Figure A-25. Coating Thickness Profile of Conductor E at Location 03-0/0
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Figure A-26. Coating Thickness Profile of Conductor A at Location 03-0/0
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Figure A-27. Coating Thickness Profile of Conductor B at Location 03-0/0
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Figure A-28. Coating Thickness Profile of Conductor C at Location 03-0/0
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Figure A-29, Coating Thickness Profile of Conductor E at Location 01-1/2
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Figure A-30. Coating Thickness Profile of Conductor A at Location 01-1/2
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Figure A-31. Coating Thickness Profile of Conductor B at Location 01-1/2
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Figure A-32. Coating Thickness Profile of Conductor C at Location 01-1/2
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Figure A-33, Coating Thickness Profile of Conductor E at Location 00-1/2
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Figure A-34. Coating Thickness Profile of Conductor A at Location 00-1/2

85



[T ]
<
[
g
[ 2]
8 $
8' o
a
N
-
o o o Q -] (-]
o [~} © L3 o (=]
=
(sniw) ssmnpony)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure A-35. Coating Thickness Profile of Conductor B at Location 00-1/2
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Figure A-36. Coating Thickness Profile of Conductor C at Location 00-1/2



Table A-1

Conductor Coating Thickness Data / Bushing 1.260 (1)
(mils / microns)

Degrees O 90 180 270
Location
12-1/2 11 08 12 18
280 20 30 46

11-1/4 08 13 23 23
20 33 58 58

09-3/4 1 18 23 18
25 46 58 46

08-1/4 11 19 21 16
28 48 53 41

06-3/4 15 19 26 16
38 48 66 41

04-1/2 06 16 1.7 17
15 41 43 43

03-0/0 09 18 23 14
23 46 58 36

01-1/2 09 18 25 16
23 46 64 4

00-1/2 14 22 25 1.9
36 56 64 48

Mean (mils / microns) - 1.7 (42)
Standard Deviation (mils / microns) - 0.6 (15)
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Table A-2

Conductor Coating Thickness Data / Bushing 1.260 (2)
(mils / microns)

Degrees 0 90 180 270
Location
12-1/2 06 09 15 1
15 23 38 25

11-1/4 16 15 2 2.2
41 38 51 56

09-34 16 15 21 27
41 38 53 69

08-1/4 14 15 19 24
36 38 48 61

06-314 22 21 22 27
56 53 56 69

04-1/2 i6 16 19 18
41 41 48 46
03-0/0 19 16 18 22
48 41 46 56
01-1/2 19 18 18 2
48 46 46 51
00-1/2 24 22 25 23
61 56 64 58
Mean (mils / microns) - 1.9 (47)
Standard Deviation (mils / microns) - 0.5 (13)
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Table A-3

Conductor Coating Thickness Data / Bushing 1.260 (3)

(mils / microns)
Degrees 0 S0 180 270
Location
12-1/2 26 21 18 1.9
66 S3 46 48
11-1/4 1.7 1.7 17 1.6
43 43 43 41
09-3/4 1.7 17 16 1.8
43 43 41 46
08-1/4 1.7 17 16 1.7
43 43 41 43
06-3/4 16 1.1 1.1 1.2
41 28 28 30
04-1/2 21 18 17 22
53 46 43 56
03-0/0 19 19 14 1.7
48 48 36 43
01-1/2 2 1.9 1 11
51 48 25 28
00-1/2 12 1.1 1.2 1.7
30 28 30 43
Mean (mils / microns) - 1.7 (42)
Standard Deviation (mils / microns) - 0.4 (10)
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Table A-4

Conductor Coating Thickness Data / Bushing 1.262 (1)

(mils / microns)
Degrees O S0 180 270
Location
12-1/2 17 22 22 1.7
43 56 56 43
11-1/4 14 23 24 11
36 58 61 28
09-3/4 15 24 23 15
38 61 58 38
08-1/4 15 24 23 15
38 61 58 38
06-3/4 1.7 22 22 16
43 56 56 41
04-1/2 18 25 25 17
46 64 64 43
03-0/0 19 19 22 22
48 48 56 56
01-1/2 18 15 24 24
46 38 61 61
00-1/2 19 1.8 2 2
48 46 51 51
Mean (mils / microns) - 2.0 (50)
Standard Deviation (mils / microns) - 0.4 (10)
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Table A-5

Conductor Coating Thickness Data / Bushing 1.262 (2)
(mils / microns)

Degrees 0 90 180 270
Location
12-1/2 20 20 23 21
51 51 58 53

11-1/4 37 17 05 20
94 43 13 51
09-3/4 35 19 12 25
89 48 30 64
08-1/4 36 19 12 26
91 48 30 66
06-34 31 17 15 23
79 43 38 58
04-1/2 30 16 12 26
7% 41 30 66

03-000 30 21 12 2.1
76 653 30 53

01-1/2 28 22 18 26
71 56 46 66

00-1/2 14 09 26 28
36 23 66 71

Mean (mils / microns) - 2.1 (54)
Standard Deviation (mils / microns) - 0.8 (20)
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Table A-6

Conductor Coating Thickness Data / Bushing 1.262 (3)
{mils / microns)

Degrees O 80 180 270

Location
12-1/2 28 21 08 27
71 53 23 69

11-1/4 16 24 22 20
41 61 56 51

09-314 21 23 21 25
53 58 53 64

08-1/4 20 23 22 26
51 58 56 66

06-314 22 23 20 24
56 58 51 61

04-12 22 19 21 29
56 48 53 74

03-0/0 19 15 22 3.1
48 38 56 79

01-1/2 1.8 22 25 25
46 56 64 64

00-1/2 23 27 21 23
58 69 53 58

Mean (mils / microns) - 2.2(56)
Standard Deviation (mils / microns) - 0.4 (10)
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Table A-7

Conductor Coating Thickness Data / Bushing 1.264 (1)
(mils / microns)

Degrees 0 90 180 270

Location
12-1/2 22 30 28 21
56 76 71 53

11-1/4 1.0 24 28 20
25 61 71 51

09-3/4 19 25 26 25
48 64 66 64

08-1/4 20 26 26 25
51 66 66 64

06-3/4 21 26 27 25
§3 66 69 64

04-1/2 19 24 27 27
48 61 69 69

03-00 19 24 32 27
48 61 81 69

01-1/2 23 33 30 21
58 84 76 53

00-1/2 28 34 26 22
71 86 66 56

Mean (mils / microns) - 2.5 (63)
Standard Deviation (mils / microns) - 0.5 (13)
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Table A-8

Conductor Coating Thickness Data / Bushing 1.264 (2)
(mils / microns)

Degrees 0 90 180 270

Location
12-1/2 28 29 24 25
71 74 61 64

11-1/4 23 24 23 25
58 61 58 64

09-3/4 25 25 21 25
64 64 53 64

08-1/14 26 26 22 27
66 66 56 69

06-3/4 26 27 22 26
66 69 56 66

04-12 23 26 24 25
58 66 61 64

03-0/0 22 31 28 20
56 79 71 51

01-1/2 3.0 29 22 25
76 74 56 64

00-1/2 28 24 24 3.1
71 61 61 79

Mean (mils / microns) - 2.5 (63)
Standard Deviation (mils / microns) - 0.3 (8)
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Table A-9

Conductor Coating Thickness Data / Bushing 1.264 (3)
(mils / microns)

Degrees O 90 180 270
Location
1212 25 29 24 20
64 74 61 51

11-1/4 23 12 27 36
58 30 69 91

09-3/4 24 25 27 25
61 64 69 64

08-1/4 24 24 26 24
61 61 66 61

06-3/4 25 29 25 24
64 74 64 61

04-1/2 28 23 25 29
71 58 64 74

03000 30 15 22 37
76 38 56 94

01-1/2 25 25 28 29
64 64 71 74

00-1/2 29 26 23 26
74 66 58 66

Mean (mils / microns) - 2.6 (65)
Standard Deviation (mils / microns) - 0.5(13)
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Table A-10

Conductor Coating Thickness Data / Bushing 1.266 (1)
(mils / microns)

Degrees 0 90 180 270
Location
12-1/2 31 35 34 27
79 89 86 69

11-1/4 21 27 36 25
53 69 91 64

09-3/4 25 28 34 26
64 71 86 66

08-1/4 26 28 32 28
66 71 81 71

06-3/4 27 28 31 28
69 71 79 7

04-1/2 29 31 34 26
74 79 86 66

03-0/0 29 33 33 24
74 84 84 61

01-1/2 32 25 30 32
81 64 76 81

00-12 27 20 36 40
69 51 91 102

Mean (mils / microns) - 2.9 (75)
Standard Deviation (mils / microns) - 0.4 (10)
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Table A-11

Conductor Coating Thickness Data / Bushing 1.266 (2)
(mils / microns)

Degrees 0 80 180 270

Location
12-1/2 42 28 23 35
107 71 58 89

11-1/4 37 35 19 22
94 89 48 56

09-3/4 34 37 24 27
86 94 61 69

08-1/4 33 36 27 28
84 91 69 71

06-3/4 32 37 29 28
81 94 74 71

04-1/2 37 34 26 30
94 8 66 76

03-0/0 41 34 20 32
104 86 51 81

01-1/2 33 37 34 31
84 94 8 79

00-1/2 20 42 45 23
51 107 114 58

Mean (mils / microns) - 3.1 (80)
Standard Deviation (mils / microns) - 0.7 (18)
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Table A-12

Conductor Coating Thickness Data / Bushing 1.266 (3)
(mils / microns)

Degrees 0 90 180 270
Location
12-1/2 27 29 31 3.2
69 74 79 81

11-1/4 30 32 25 22
7 81 64 56

09-314 27 28 27 28
69 71 69 71

08-1/4 27 28 24 238
69 71 61 71

06-3/4 25 28 27 29
64 71 69 74

04-1/2 25 31 28 25

64 79 71 64

03-0/0 25 31 24 26

64 79 61 66

01-1/2 31 29 28 30

79 74 71 76

00-1/2 41 25 17 35

104 64 43 89
Mean (mils / microns) - 2.8(71)
Standard Deviation (mils / microns) - 0.4 (10)
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Table A-13

Conductor Coating Thickness Data / Bushing 1.268 (1)
(mils / microns)

Degrees 0 90 180 270

Location

12-1/2 28 32 37 3.1
71 81 94 79

11-1/4 15 32 48 33
38 81 122 84

09-3/4 1.7 29 41 35
43 74 104 89

08-1/4 20 26 40 3.1
5¢ 66 102 79

06-34 31 30 35 34
79 76 89 86

04-1/2 26 27 32 32
66 69 81 81

03000 31 25 28 3.2
79 64 71 81

01-1/2 32 16 22 40
81 41 56 102

00-1/2 2.7 38 37 238
69 97 94 T

Mean (mils / microns) - 3.0077
Standard Deviation (mils / microns) - 0.7 (18)
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Table A-14
Conductor Coating Thickness Data / Bushing 1.268 (2)
(mils / microns)
Degrees 0 g0 180 270
Location

12-1/2 38 12 27 51

97 30 69 130

11-1/4 44 18 21 5.0

112 46 53 127

09-3/4 36 22 33 45

91 56 84 114

08-1/4 33 19 31 3.6
84 48 79 91

06-3/4 33 36 35 27
84 91 89 69

04-1/2 33 29 29 3.2
84 74 74 81

03-0/0 33 26 29 3.3
84 66 74 84

01-1/2 32 26 31 4.3

81 66 79 109

00-1/2 38 39 31 3.0
97 99 79 76

Mean (mils / microns) - 3.2(82)

Standard Deviation (mils / microns) -
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0.8 (20)
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Table A-15

Conductor Coating Thickness Data / Bushing 1.268 (3)
(mils / microns)

Degrees 0 90 180 270

Location
12-1/2 32 38 35 30
81 97 89 76

11-1/4 26 33 38 27
66 84 97 69

09-3/4 33 36 33 28
84 N 84 7

08-1/4 32 35 33 28
81 89 84 71

06-3/4 32 38 32 25
81 97 81 64

04-1/2 34 34 29 238
86 86 74 71

03-0/0 40 38 31 28
102 97 79 71

01-1/2 51 43 25 3.1
130 109 64 79

00-1/2 49 49 20 19
124 124 51 48

Mean (mils / microns) - 3.3 (84)
Standard Deviation (mils / microns) - 0.7 (18)
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APPENDIX B
THERMAL CHAMBER TEST DATA

Although Chapter 3 gives the overall process and results of the thermal shock
tests, it does not fully describe the thermal chamber cycles. The thermal tests were run
over a period of three weeks with cycles being run on various dates. A total of nine
bushings were formed with non-coated conductors. The seven 1201-625B2 bushings
were designated NC (1), (2), (3), (4), (5), (6), (7) and the two 1203-1225B2 bushings
were designated NCC (1), (2). Three bushings each were formed with conductors
coated by sleeves 1.260, 1.262, 1.264, 1.266, and 1.268. They were designated 1.260
(1), (2), (3); 1.262 (1), (2), (3); 1.264 (1), (2), (3); 1.266 (1), (2), (3); and 1.268 (1), (2),
3).

The tables contained in this appendix give the actual time requirements for each
temperature change during the cycles. The amount of time each test load of bushings
was required to remain at a certain temperature was maintained at one hour throughout
the tests. The amount of time required to change from one test temperature to another
varied mainly with the number of bushings in the chamber and the need to change the
liquid nitrogen bottles after they were depleted.

In addition to cycle time data, the bushings involved in each cycle and other

pertinent data are given below each table.
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Table B-1

Thermal Cycle Data Collected August 10, 1998

104

BEGIN END ELAPSED TIME
(minutes)

Start 8:08 AM  8:42AM 34
@ 250°F 8:42AM 9:42AM 60
(121.1°C)

Cool 9:42AM  10:23AM 41
@-50°F 10:23AM  11:23AM 60
(-45.6°C)

Heat 11:23AM  11:55AM 32
@250°F 11:55AM  12:55PM 60
(121.1°C)

Cool 1:16PM 2:00PM 44
@-100°F  2:00PM 3:00PM 60
(-73.3°C)

Heat 3:00PM 3:40PM 40
@ 250°F 3:40PM 4:40PM 60
(121.1°C)

Bushings Tested:

NC (1),(2),. 3)
1.260 (1), (2), (3)
1.262 (1), (2), (3)
1.264 (1),(2), (3)
1.266 (1), (2), (3)
1.268 (1),(2), 3)
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Table B-2

Thermal Cycle Data Collected August 11, 1998

BEGIN END ELAPSED
TIME
(minutes)
Start T7:23AM 7:28AM 5
@ 250°F 7:28AM 9:20AM 112
(121.1°C)
Cool 9:20AM 10:30AM 70
@ - 150°F 10:30AM 11:30AM 60
(-101.1°C)
Heat 11:30AM 12:30PM 60
@ 250°F 12:30PM 1:30PM 60
(121.1°C)

Bushings Tested:

NC (1),(2).(3)
1260 (1), (2), 3)
1262 (1),(2), (3)
1.264 (1),(2), 3)
1.266 (1), (2), (3)
1.268 (1),(2), (3)
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Table B-3

Thermal Cycle Data Collected August 12, 1998

BEGIN END ELAPSED TIME

(minutes)
Start 8:15AM 8:20AM 5
@ 250°F 8:20AM 9:30AM 70
(121.1°C)
Cool 9:30AM 9:54AM 24
@-100°F 9:54AM  10:54AM 60
(-73.3°C)
Heat 10:54AM  11:18AM 24
@250°F 11:13AM  12:18PM 60
(121.1°C)
Cool 12:23PM  12:55PM 32
@-150°F 12:55PM 1:55PM 60
(-101.1°C)
Heat 1:55PM 2:23PM 28
@ 250°F 2:23PM 3:23PM 60
(121.1°C)
Bushings Tested:
NC (3)
1.260 (1)
1.262 (1)
1.264 (1)
1.266 (3)
1.268 (1)
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BEGIN END ELAPSED TIME
(minutes)
Start 8:05AM 8:10AM 5
@ 250°F 8:10AM 9:10AM 60
(121.1°C)
Cool 9:10AM 9:47TAM 37
@-200°F 9:47AM  10:47AM* 60
(-128.9°C)
Heat 10:47AM  11:08AM 21
@250°F 11:08AM  12:08PM 60
(121.1°C)
Cool 12:12PM 1:05PM 53
@-250°F 1:.05PM 2:05PM 60
(-156.7°C)
Heat 2:05PM 2:37PM 32
@ 250°F 2:37PM 3:37PM 60
(121.1°C)
Bushings Tested:
NC (3)
1.260 (1)
1.262 (1)
1.264 (1)
1.266 (3)
1.268 (1)

Table B-4

Thermal Cycle Data Collected August 13, 1998
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Table B-5

Thermal Cycle Data Collected August 14, 1998

BEGIN END ELAPSED TIME
(minutes)
Start 8:40AM 8:47AM 7
@ 250°F 8:47AM 9:47AM 60
(121.1°C)
Cool 9:47AM  11:45AM* 118
@-300°F 11:45AM 12:45PM 60
(-184.4°C)
Heat 12:45SPM 1:15PM 30
@ 250°F 1:15SPM 2:15PM 60
(121.1°C)
Bushings Tested:
NC (3
1.260 (1)
1.262 (1)
1.264 (1)
1.266 (3)
1.268 (1)
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Table B-6

Thermal Cycle Data Collected August 18, 1998

BEGIN END ELAPSED TIME
(minutes)

Start 8:52AM  9:00AM 8
@ 250°F 9:00AM  10:00AM 60
(121.1°C)

Cool 10:00AM  10:23AM 23
@-50°F 10:23AM 11:23AM 60
(-45.6°C)

Heat 11:23AM  11:47AM 24
@250°F 11:47TAM  12:47PM 60
(121.1°C)

Cool 12:53PM  1:25PM 33
@-100°F 1:25PM 2:40PM 75
(-73.3°C)

Heat 2:40PM 3:08PM 28
@ 250°F 3:08PM 4:08PM 60
(121.1°C)

Bushings Tested:

NC  (1),(2),3), 4, (5),(6), (D

NCC (1), (2)

109

Bushing NCC (1) cracked during the - 100°F (-73.3°C) cycle and was removed from the

chamber.
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Table B-7

Thermal Cycle Data Collected August 19, 1998

BEGIN END ELAPSED TIME

(minutes)
Start 8:37AM 8:43AM 6
@ 250°F 8:43AM 9:43AM 60
(121.1°C)
Cool 9:43AM  10:23AM 40
@-150°F 10:23AM  11:223AM 60
(-101.1°C)
Heat 11:23AM  11:50AM 27
@250°F 11:50AM  12:50PM 60
(121.1°C)
Bushings Tested:
NC (1), (2),(3). 4, (5), (6), (7

NCC (2)
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Table B-8

Thermal Cycle Data Collected August 20, 1998

BEGIN END ELAPSED TIME
(minutes)
Start 8:49AM 8:56AM 7
@ 250°F 8:56AM 9:56AM 60
(121.1°C)

Cool 9:56AM 10:47AM 51
@-200°F 10:47AM 11:47AM 60
(-128.9°C)

Heat 11:47AM  12:21PM 34

@ 250°F 12:21PM 1:31PM 70
(121.1°C)
Bushings Tested:

NC (1), (2),(3), (4. (5), (6), (T

NCC (2)
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Table B-9

Thermal Cycle Data Collected August 21, 1998

BEGIN END ELAPSED TIME

(minutes)
Start 8:08AM 8:16AM 8
@ 250°F 8:16AM 9:16AM 60
(121.1°C)
Cool 9:16AM  10:08AM 52
@-250°F 10:08AM 11:08AM 60
(-156.7°C)
Heat 11:08AM  11:40AM 32
@250°F 11:40AM  12:40PM 60
(121.1°C)
Cool 12:45PM 2:10PM 85
@-300°F 2:10PM 3:10PM 60
(-184.4°C)
Heat 3:10PM 3:50 40
@ 250°F 3:50PM 4:50PM 60
(121.1°C)
Bushings Tested:
NC (1), (2),(3), (4, (5), (6), (N

NCC (2)
Bushings NC (2) and NC (7) cracked during the - 250°F (-156.7°C) cycle. Bushing NC

(5) cracked during the - 300°F (-184.4°C) cycle. No further tests were run on bushings
with non-coated conductors.
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Table B-10

Thermal Cycle Data Collected August 25, 1998

BEGIN

END ELAPSED TIME

Start 8:20AM

@250°F  8:28AM
(121.1°C)

Cool 9:31AM

@-200°F  10:33AM
(-128.9°C)

Heat 11:33AM

@250°F  12:30PM
(121.1°C)

(minutes)
8:28AM 8
9:31AM 63
10:33AM 62
11:33AM 60
12:30AM 57
1:40PM 70

Bushings Tested:

1.260 (2),(3)
1262 (2),(3)
1264 (2), (3)
1.266 (1), (2)
1268 (2),(3)
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BEGIN END ELAPSED TIME
(minutes)
Start 7:20AM 7:23AM 3
@ 250°F 7:23AM 8:23AM 60
(121.1°C)
Cool 8:23AM 9:44AM 81
@-250°F 9:44AM  10:44AM 60
(-156.7°C)
Heat 10:44AM  11:30AM 46
@ 250°F 11:30AM  12:30PM 60
(121.1°C)
Cool 12:43PM  2:19PM 96
@ -300°F 2:19PM 3:19PM 60
(-184.4°C)
Heat 3:19PM 4:40PM 81
@ 250°F 4:40PM 5:40PM 60
(121.1°C)
Bushings Tested:
1.260 (2), (3)
1.262 (2),(3)
1.264 (2),(3)
1.266 (1),(2)
1.268 (2), (3)

Table B-11

Thermal Cycle Data Collected August 26, 1998
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After the tests run on this day, all bushings with coated conductors have passed the first
-300°F (-184.4°C) cycle.
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Table B-12

Thermal Cycle Data Collected August 27, 1998

BEGIN END ELAPSED TIME
(minutes)
Heat 10:30AM  10:40AM 10
@ 250°F 10:40AM  11:40AM 60
(121.1°C)
Cool 11:40PM 1:40PM 120
@ -300°F 1:40PM 2:40PM 60
(-184.4°C)
Heat 2:40PM 3:47PM 67
@ 250°F 3:47PM 4:50PM 63
(121.1°C)
Bushings Tested:

1.260 (1), (2), 3)
1.262 (1),(2),(3)
1.264 (1),(2)
1.266 (1),(2)

This was the second —300°F (-184.4°C) cycle.
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Table B-13

Thermal Cycle Data Collected September 3, 1998

BEGIN END ELAPSED TIME

(minutes)
Heat 8:35AM  8:45AM 10
@ 250°F 8:45AM  9:45AM 60

(121.1°C)

Cool 9:45AM  12:20PM 155
@-300°F 12:20PM  1:20PM 60
(-184.4°C)

Heat 1:20PM 2:10PM 50
@ 250°F 2:10PM 3:10PM 60
(121.1°C)

Bushings Tested:

1.260 (1),(2),(3)
1.262 (1),(2), 3)
1.264 (1), (2)
1.266 (1), (2)

This was the final -300°F (-184.4°C) cycle.
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